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1. Introduction  
Power combining is a technique used in various fields of electronics and communications to 

increase the total output power by combining power from multiple sources. This technology is 
particularly important in applications such as radar systems, satellite communications, and wireless 
transmission, where high power is required to efficiently transmit signals over long distances. In 
advanced generation communication systems, power combining devices require wide bandwidth and 
high linearity due to the nature of the signal, which has a wide bandwidth and high Peak-to-Average 
Power Ratio (PAPR) [1]‒[4]. Many researchers have used various techniques to overcome 
manufacturing challenges such as parasitic components and breakdown voltages, which reduce power 
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output and limit the amplifier's bandwidth [5]‒[8]. Therefore, new technologies have been developed 
in modern communications systems to overcome this problem, including stacked amplifiers and 
distributed power amplifiers [9]‒[13]. There are other techniques used to avoid the most significant 
problem facing traditional power combining technology, namely the need to use a large number of 
transistors connected in parallel. Increasing the number of transistors leads to an increase in the effect 
of parasitic capacitances, thereby reducing the output impedance, which affects the linearity of the 
amplifier and decreases the bandwidth [14]. Many studies have addressed the use of various 
techniques for power amplification with the aim of improving the linearity and bandwidth of the 
amplifier to suit the applications of digital signal modulation systems for advanced generations of 
communications. In [15], the authors propose a novel dual-mode power amplifier architecture 
employing a low-loss parallel power-combining transformer (PCT) that enables efficient load 
modulation and intrinsic third-order intermodulation (IMD3) cancellation. The dual-mode operation 
allows dynamic switching between high-power and low-power modes, optimizing current 
consumption based on output requirements. The implemented design, based on InGaP/GaAs HBT 
technology and tested at 0.91 GHz, achieved a peak output power of 33.8 dBm with a power-added 
efficiency of 54.5%, while maintaining excellent linearity. These results show that the suggested PCT-
based combining and IMD3 suppression methods work well for high-performing power amplifiers. 

Innovative asymmetric Doherty power amplifier (DPA) architecture was used instead of the 
traditional DPA technique to enhance both efficiency and output power while maintaining linearity 
and broadband capability [16]. The authors present an innovative asymmetric DPA architecture that 
employs carrier and peaking amplifiers of different cell sizes and integrates a complex combining load 
(CCL) network to facilitate efficient load modulation over the combining node. the amplifier achieved 
a saturated output power of 43.5 dBm at 1.68 GHz. The results confirm that the asymmetric cell sizing 
combined with a complex load network effectively improves efficiency and linearity across both 
saturation and back-off operating regimes, making the approach suitable for high-performance 
wireless applications.  

The article [17], tackles the significant issue of attaining wideband functionality, elevated 
efficiency, and linearity in sub-6 GHz (5G) power amplifiers.  The authors propose a continuous mode 
Doherty design executed in a 250-nm GaN MMIC process to address limited bandwidth. The design 
uses a simple impedance inverter network made with basic components to maintain the impedance in 
both back-off and saturation states, allowing wideband Doherty combining. 

Previous studies have indicated that researchers have focused on improving power amplifier 
performance by amplifying voltage, or current, using various amplifier topologies. Although voltage 
and current amplifiers each have distinct characteristics, combining them in a single amplifier is a 
challenging option due to the different input and output impedance characteristics of the two 
amplifiers, which makes it difficult to combine their power into a common load. This research 
addresses the modification of a Doherty power amplifier using a hybrid amplifier consisting of a main 
and auxiliary amplifier to simultaneously amplify current and voltage. The Doherty power amplifier 
and load modulation techniques combine the outputs of both amplifiers to deliver power to the load. 
This approach achieves high power gain. Thanks to the load modulation circuit, the amplifier's output 
impedance is close to the load impedance, reducing the impedance matching ratio. This, in turn, 
reduces the effect of parasitic capacitors and improves the amplifier's linearity and increases its 
bandwidth. To increase the efficiency of the proposed amplifier, an E-type switching amplifier was 
used in both the main and auxiliary amplifiers. The researchers constructed and modified the basic 
Doherty amplifier to produce a modular Doherty power amplifier (MDPA) using advanced simulation 
software (ADS) to demonstrate the effectiveness of this new technology in achieving high gain and 
output power through modifications to the amplifier components. The test results for the proposed 
amplifier compared to the basic amplifier were as follows. The linearity improved by 4 dB as 
measured by third harmonic distortion (THD), while the gain was 23 dB, an increase of 2 dB. The 
output power was 38 dB, an increase of 5 dB. The power-added efficiency and dynamic range of the 
proposed amplifier were 71% and 12 dB, respectively. Through the results that were reached, it 
became clear that the research objectives were achieved satisfactorily in terms of efficiency, linearity, 
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gain, and output capacity. The results indicate that the Modified Doherty Power Amplifier (MDPA) 
represents a potential alternative for building power amplifiers in contemporary 5G communication 
systems and Internet of Things (IoT) network transmitters. The amplifier's linearity and wide 
bandwidth also make it suitable for use in remote control devices and machine-to-machine (M2M) 
communication systems. 

2. Theoretical Basics  
This research includes a new concept aimed at achieving high power amplification with 

appropriate linearity and efficiency by combining the power generated by two amplifiers with 
different input and output impedances and different power amplification values. Combining power 
from two amplifiers with different characteristics is challenging due to the possibility of mismatch 
between the amplifiers in the power combination circuit, which may hinder effective power 
combining. Therefore, the principle of load modulation and the Doherty amplifier were adopted to 
achieve a power combination for this type of amplifier. The final construction of the proposed 
amplifier enables a power combination of the two different amplifiers. Therefore, we will discuss the 
theoretical basis of the concept of load modulation and the Doherty amplifier to gain an understanding 
of the proposed amplifier's basic operation. 

2.1. Impedance Modulation Concepts  

The core principle of impedance transformation is that the load impedance of a current source 
may be modified by introducing a current from a supplementary current source. Analyze the circuit 
depicted in Fig. 1 [2], [18], [19]. 

 
Fig. 1. Circuit diagram represents load impedance modulation 

The present source 𝐼! signifies the transistor of a power amplifier operating as a current source. 
Similarly, the present source 𝐼" denotes the transistor of an auxiliary power amplifier operating as a 
current source. In accordance with Kirchhoff's current law, 

	 𝐼# = 𝐼! + 𝐼"	 (1) 

According to Ohm’s law, 

	 𝑅# = 𝑉
𝐼#' 	 (2) 

The load impedance observed by the current sources 𝐼! is 

	 𝑅! =
𝑉
𝐼!
=

𝑉
𝐼# − 𝐼"

=
𝑉

𝐼# )1 −
𝐼"
𝐼#
+
=

𝑉

𝐼# )1 −
𝐼"

𝐼! + 𝐼"
+
= 𝑅# ,1 +

𝐼"
𝐼!
-	 (3) 

As a result, the load resistance that is seen by the current source 𝐼! is proportional to the current 
𝐼".  It is possible for the load voltage V to grow when the currents 𝐼! and 𝐼" are in phase with one 
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another. As a result, the current source 𝐼! will experience a larger load resistance, For 𝐼" = 𝐼!, 𝑅! =
2𝑅#. For 𝐼" = 0 the 𝑅! = 𝑅#. 

Similarly, the load resistance of the current source 𝐼" is expressed as 

𝑅" =
𝑉
𝐼"
= 𝑅# ,1 +

𝐼!
𝐼"
-	 (4) 

From Fig. 1, (3), and (4), it is shown that the impedance transformation or load modulation 
technique allows the output power from the two sources to be transferred, even if their impedances 
are different. 

2.2. Doherty Power Amplifier Concepts 

The concept of the Doherty power amplifier (DPA) is fundamental to implementing the research 
idea, which includes two main axes: load modulation and power combining. Fig. 2 shows the general 
schematic and equivalent circuit of the Doherty amplifier [20]. Doherty Amplifier compromises  of 
two amplifiers: the Main (carrier) amplifier and the Auxiliary (peaking) amplifier [21], [22]. In the 
conventional Doherty Power Amplifier, the Main and Auxiliary amplifiers are inherently biased in 
Class AB and C modes, respectively. The gate bias voltage of the auxiliary amplifier is chosen to be 
lower than that of the Main amplifier to active the auxiliary amplifier at back-off power (BOP) [17], 
[23], [24]. A quarter-wavelength (λ/4) transmission line TL1 or impedance inverter connects the 
outputs of the main amplifiers to the common load. This network enables load modulation, allowing 
the main amplifier to see a changing impedance depending on the auxiliary’s activity. The 
transmission line TL2 before the auxiliary amplifier provides phase compensation, aligning its signal 
with the phase-shifted output of the main amplifier due to the λ/4 line, which is essential for correct 
in-phase power combining and high efficiency. The third transmission line's (TL3) function is to 
combine power from the load modulator circuit and send it to the 50-ohm output impedance [25]. 

 
(a) 

 
(b) 

Fig. 2. (a) General schematic of the DPA (b) equivalent circuit of DPA	

The output power of the Doherty power amplifier can be obtained from the following equation: 

	 𝑃$%& = (𝐼' + 𝐼(	)". 𝑅𝐿	 (5) 

The equation in (5) illustrates that increasing the current gain in the main amplifier can obtain a 
larger output current for the main amplifier, thus doubling the output power in proportion to the square 
of the current, according to the equation above. This differs from traditional methods of combining 
power, where the output power is proportional to the number of amplifiers connected in parallel [26]‒
[28]. 

3. Realization the Proposed Power Amplifier 
This research proposes a new Doherty power amplifier architecture. The goal of this research is 

to build an amplifier capable of producing high power with linearity and efficiency suitable for use in 
modern communications systems. Several modifications were made to improve the Doherty power 
amplifier to suit its intended use. 
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1. To enhance amplifier efficiency, a switching amplifier was employed in both the main and 
auxiliary amplifiers, rather than utilizing traditional amplifiers.  

2. A high-voltage gain amplifier had been used in the auxiliary amplifier, while a high-current gain 
amplifier had been used in the main amplifier to increase output power through simultaneous 
voltage and current. 

3. Making both the main and auxiliary amplifiers operate at the same voltage bias ensures 
continuous operation across all power levels. This improvement enhances the amplifier's linearity 
by reducing its sensitivity to changes in bias voltage and eliminating the switching glitch [21], 
[29]. 

4. To double the current gain of the main amplifier, two amplifiers with the same current gain are 
connected in parallel. Connecting the amplifiers in parallel allows them to handle a wider current 
range, which doubles the current gain and boosts the output power based on the combined current 
gain of the amplifiers. This is because power is proportional to the square of the current. 

5. The proposed amplifier depends on optimal power distribution between the main and auxiliary 
amplifiers to attain ideal performance, specifically in regulating the current ratio, establishing the 
output impedances, and determining the gain through the characteristic impedance values of the 
transmission lines depicted in Fig. 2(a) [29]. 

6. Match the output of both the main and auxiliary amplifiers to the standard 50-ohm impedance 
before the collector point at the input of the TL3 transmission line to improve the linearity of the 
amplifier and increase the bandwidth. 

This idea can be applied to different types of amplifiers, but our research will focus on the Class 
E amplifier, which is a basic block in the modified Doherty amplifier. The Class E amplifier is pre-
designed, and its performance has been determined through computer simulations of the amplifier 
[30]. 

In this paper, a gallium arsenide (GaAs) field-effect transistor (FET) was chosen to build the 
proposed amplifier. The GaAs power amplifier achieves a balance between efficiency, linearity, and 
thermal stability. Thanks to its high electron mobility and wide bandgap, GaAs enables high-
frequency operation with low noise, superior linearity, high output power, and efficiency, making it 
ideal for 5G networks at frequencies below 6 GHz and Wi-Fi networks [31]‒[33]. The design of the 
proposed power amplifier, which operates at 850 MHz and uses a GaAs FET model, went through 
several stages that applied the previously mentioned points to achieve the final amplifier. The first 
stage was the design of the Doherty power amplifier (PA1) based on E-type power amplifier such that 
both the main and auxiliary amplifiers were E-type in order to improve the amplifier performance in 
terms of efficiency. The main amplifier bias was set to -2.4 V (VG) and the auxiliary amplifier bias 
was set to -3.2 V (VG) after analyzing the current-voltage (I, V) characteristics of the CaAs transistor. 
The first model was then modified to avoid the switching glitch problem by making the main and 
auxiliary amplifiers operate   at all times. This amplifier was called the symmetrical Doherty amplifier 
(PA2) with symmetrical bias of both amplifiers at (VG = -2.4 V).  

The final step in the final design (PA3) is to connect two amplifiers in parallel to double the 
current gain and form the main amplifier in the modified DPA. In high-power amplifier design, 
connecting multiple transistors in parallel is a well-established approach to increase the overall output 
power without exceeding the safe operating limits of a single device. Instead of using a physically 
larger transistor, which increases parasitic capacitances, reduces gain, and limits bandwidth, parallel 
connection allows designers to share current, distribute heat, and maintain better impedance matching 
at high frequencies [34]‒[38]. To reduce the size of the amplifier, the minimum number of amplifiers 
connected in parallel was used, which is only two amplifiers. The proposed amplifier (PA3) in its final 
form can be named the Modified Doherty Power Amplifier (MDPA). Fig. 3 shows the final model of 
the power amplifier (MDPA). 
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Fig. 3. General schematic of Modified Doherty Power Amplifier (MDPA) 

The flowchart shown in Fig. 4 illustrates the stages of building the proposed amplifier and the 
methodology followed to reach the final assembly (MDPA). 

4. The Simulation Results 
Preparing the appropriate operating point is one of the important factors in the success of the 

amplifier function. Since the function of the main or carrier amplifier in the proposed amplifier is 
current amplification, it was important to choose the bias point so that the current swings over a wide 
range to achieve high current gain, while the focus in the secondary amplifier is on voltage 
amplification, resulting in less current swing. Fig. 5 represents the output characteristics of both the 
main and Auxiliary amplifiers in the proposed amplifier. 

Many tests were conducted to evaluate the amplifier's performance under different working 
conditions and to assess the amplifier's effectiveness based on the amplifier's performance in those 
tests. The tests were arranged as follows. 

4.1. S-Parameters Simulation 

S-Parameters simulation test provides a suitable environment for studying the amplifier's 
characteristics as frequency changes, based on the response of the scattering parameters and reflection 
coefficients. Based on the values of these variables, the amplifier's stability is checked and the noise 
factor is calculated under operating conditions. The amplifier is evaluated based on (6) and (7): 

	 𝐾 =
(1 − |𝑆11|" − |𝑆22|" + |∆|")

(2 ∗ |𝑆12 ∗ 𝑆21|)
	 (6) 

	 ∆	= 	𝑆11 ∗ 𝑆22	 − 𝑆12 ∗ 𝑆21	 (7) 

In this context, K represents the stability factor, while S11, S22, S21, and S12 are referred to as 
the scattering parameters. According to the results obtained Fig. 6(a), an amplifier is considered 
unconditionally stable when K > 1 and Delta = |Δ| < 1 [39], [40]. These criteria ensure stability 
regardless of the source or load impedances—important for broadband or high-power designs [41]‒
[43]. Another thing that was obtained by examining the S-parameters is the noise figure, which is 
considered very suitable for this design because its value in the work area is less than 5 dB [44], [45]. 
Fig. 6(b) shows the examination results of Noise figure. The responses of forward reflection (S11) 
and reverse reflection (S22) as a function of frequency on the Smith Chart confirm this behavior across 
a broad frequency range, spanning from 0.5 GHz to 1 GHz, as both S11 and S22 reside within the 
confines of the Smith Chart circle, as depicted in Fig. 7. 



ISSN 2775-2658 
International Journal of Robotics and Control Systems 

3401 
Vol. 5, No. 6, 2025, pp. 3395-3412 

	 	

 

Ahmad A. Ismael (Modified Doherty Power Amplifier with Hybrid Current-Voltage Amplification for High-
Efficiency Broadband Applications) 

 

 
Fig. 4. A general diagram of the methodology used in designing the proposed amplifier 

 
(a) 

 
(b) 

Fig. 5. Output characteristics and load line: (a) Main Amp; (b) Auxiliary Amp 
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(a) 

 
(b) 

Fig. 6. S-Parameters simulation test results: (a) Stability barometer K, Δ; (b) Noise figure 

 
Fig. 7. Response of reflection coefficients S11 and S22 as a function of frequency 

4.2. One Tone Harmonic Balance 

Single tone analysis involves examining both the time and frequency domains to assess an 
amplifier's response to a test signal at its operating frequency, thereby providing insights into the 
amplifier's gain, efficiency, and linearity, this also includes the distribution of the power spectrum at 
the amplifier's output. The power allocation between the auxiliary and main amplifiers is an important 
matter in all design stages, starting from the basic design (PA1) and reaching the final amplifier (PA3), 
because it determines the current of each amplifier, the power gain, and the output impedance. The 
proposed amplifier was tested through a single-tone test at a frequency of 850 MHz to evaluate the 
amplifier’s performance through the results obtained. 

Fig. 8 shows the relation between output power in watts and input RF power in dBm and the 
contribution of both the carrier (Main) and peaking (Auxiliary) amplifiers in producing power. Fig. 
8(a) illustrates the variation in output power and power added efficiency (PAE) as a consequence of 
input power alterations. We also can see from the Fig. 8(a) that the amplifier has a constant gain over 
a wide range of input power changes, indicating the amplifier has high linearity to the signal, which 
has wide amplitude variation. Through the compression point indicated by the line marker, it was 
found that the highest output power equals 38 dBm and the power added efficiency equals 71.3%. Fig. 
8(b) represents the output power on the Y axis and the output power on the Right Y axis and shows 
the continuity of power production for both the main and auxiliary amplifiers over the entire range of 
input power. It is noted that the main amplifier’s power has the largest contribution to power 
production. 
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(a) 

 
(b) 

Fig. 8. Results of the single-tone test: (a) The relation between output power and PAE in regard to variations 
in input power: (b) Power distribution between the carrier and peaking amplifiers 

Fig. 9 shows that the amplifier has a high attenuation factor for unwanted components and this is 
very clear from comparing the power of the original component to the power of the third harmonic 
component. The latter component's power is 44 dB lower than the fundamental component's power. 
This result shows that the power ratio of the third component to the first component is very low, 
indicating that unwanted components are attenuated. In addition, the fundamental component's power 
response does not intersect with the third harmonic component's power response, indicating that the 
intersection points are far apart, another indication of the amplifier's high linearity [46], [47]. 

 
Fig. 9. fundamental and third harmonic component response 

Furthermore, through a single-tone simulation, we can study and analyze the proposed amplifier's 
output impedance (RL) and how it interacts with changes in the output impedances of both the main 
and auxiliary amplifiers as power changes. This analysis indicates that the power distribution method 
in the symmetrical amplifier increases the efficiency of the load modulation network in maintaining a 
constant output impedance (RL) despite changes in the main and auxiliary amplifier impedances. This, 
in turn, explains the improved linearity of the proposed power amplifier [48]‒[50]. Fig. 10 illustrates 
the results of this analysis. 

 
Fig. 10. The output impedance of the main and auxiliary amplifiers is compared with the output impedance 

of the load modulation network as a function of the input power	
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The results from the single-tone test for the basic amplifiers (PA1) and (PA2) were compared to 
the final design results of the modified Doherty power amplifier (PA3). The results obtained are shown 
in Table 1 and Fig. 11. It was found that the proposed amplifier in its final form achieved a high output 
power of 38 dBm with a difference of 4-5 dB compared to the other amplifiers. This indicates the 
effectiveness of the proposed technology in power amplification. Another important indicator is 
maintaining the linearity of the amplifier over a wide dynamic range of up to 12 dB. This fact is shown 
by comparing the performance of the three amplifiers in Table 1 through the values of third-order 
harmonic distortion (THD dBc) and the values of phase and amplitude distortion with varying power. 
The above results clearly demonstrate that the added power efficiency (PAE) and gain fluctuate as the 
output power changes. The efficiency of PA3 was found to be lower than that of PA1. This variance 
is due to the presence of amplifiers connected in parallel in the case of PA3. These amplifiers require 
a bias current that is double that of the other amplifiers. However, this issue does not appear 
significantly at high power levels, but it starts to emerge after a power drop of 8 dBm. Efficiency 
decreases with the decline in power until we reach the end of the amplifier's dynamic range. Thus, 
through the Figure of Merit, the proposed amplifier can be considered suitable for modern 
communication system applications [51], [52].  

Table 1.  Comparison of the characteristics of the final proposed amplifier PA 3 with the characteristics of 
the basic amplifiers PA 1 and PA 2 

 

 
(a) 

 
(b) 

Fig. 11. Performance of the three-stage amplifier as a function of output power changes: (a) power Added 
efficiency PAE: (b) Power gain 

4.3. Sensitivity of the Amplifier 

The main purpose of this design is to prove the effectiveness of the modulated Doherty amplifier 
(MDPA) technique. To enhance the simulation results, the sensitivity of the amplifier to changes in 
the influencing amplifier elements was tested by testing the amplifier characteristics when the gate 
voltage (VGS) and the characteristic impedance of the transmission line (TL3) change by ±10%. Table 
2 shows the scenario followed for changing the circuit component values and the results obtained from 
this change. 

 Gain 
dB 

PAE 
@pmax 

PAE 
@-6 
dB 

Pout 
max 
dBm 

DR 
dBm 

THD 
dBc 

AM/AM 
dB/dB 

AM/PM 
degrees/dB 

Topology of 
Power 

amplifier 

FOM 
% 

PA1 21 72 40 33 12 -40 (0.4)-(1) 
0.6 

(-1)-(0) 
1 Doherty 70 

PA2 22 60 21 34 10 -42 
(0.3)-
(1.1) 
0.8 

(-0.2)-( 1) 
1.2 

Symmetrical 
Doherty 72 

PA3 23 71 30 38 12 -44 
(0.4)-
(1.1) 
0.7 

(-1)-(1) 
2 

Modified 
Doherty 
(MDPA) 

82 
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Table 2.  The procedure undertaken to modify the circuit component values and what outcomes from this 
alteration 

Variables Results 
Characteristic impedance Z0 TL2  VGS Gain Output power PAE THD 

45 -2.16 Gain1 Po1 PAE1 THD1 
47.5 -2.2 Gain2 Po2 PAE2 THD2 
50 -2.4 Gain3 Po3 PAE3 THD3 

52.5 -2.52 Gain4 P4 PAE4 THD4 
55 -2.64 Gain5 P5 PAE5 THD5 

 

Fig. 12 shows that the sensitivity of the proposed amplifier is acceptable to changes in the bias 
voltage, as shown by the gain, output power, and efficiency results. However, the sensitivity is very 
significant when the voltage drops to -2.64, as shown by the clear deterioration of these values. This 
decrease is due to the fact that switched amplifiers are very sensitive to changes in bias [53]‒[55]. As 
for the THD value, the change is slight and insignificant. Fig. 13 shows that changing the characteristic 
impedance value of the line (TL3) has a slight effect, indicating that the amplifier's characteristics are 
negligibly affected by this element. This test demonstrates the varying sensitivity of the amplifier to 
changes in the values of its main components, which provides a clear impression through which it is 
possible to determine the acceptable limits for changing component values and determine the 
operating conditions. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 12. The impact of variations in the VGS value on the amplifier's principal performance parameters: 
(a)Gain; (b) Output power; (c) PAE; and (d) THD 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 13. The impact of variations in the Z0 TL2 value on the amplifier's parameters: (a) Gain; (b) Output 
power; (c) PAE; and (d) THD 

4.4. Two-Tone Harmonic Balance 

Two-tone analysis is employed to illustrate distortion in nonlinear circuits when two signals are 
concurrently input, resulting in interference. This study enables the assessment of power amplifier 
properties, namely gain, power-added efficiency, and intermodulation distortion (IMD) [56]. The 
designed amplifier was tested with a two-tone signal with a mean frequency of 850 MHz and a 
bandwidth varying from 20 to 150 MHz. The amplifier demonstrated satisfactory response up to a 
bandwidth of 100 MHz, achieving an output power of 29.5 dBm, a gain of 17 dB, and a PAE of 30% 
(See Fig. 14). 

 
(a) 

 
(b) 

Fig. 14. The amplifier characteristics change with varying bandwidths for different output power values. (a) 
Power gain, (b) Power-added efficiency 
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The proposed amplifier’s linearity performance at a bandwidth of 100 MHz was assessed by 
measuring the third-order intermodulation distortion (IMD) value produced by a two-tone signal 
within the same bandwidth. The third-order IMD value was less than 18 dBc at maximum output 
power.  Fig. 15 illustrates the spectrum of the two-tone signal and the variation in the IMD value as a 
function of output power changes under these conditions. 

 
(a) 

 
(b) 

Fig. 15. Amplifier response to a two-tone signal: (a) Output spectrum; (b) Third-order IMD	

A multitude of scholars have investigated the design of power amplifiers for modern 
communication systems to enhance output power and efficiency using several techniques. Table 3 
juxtaposes the outcomes of the suggested amplifier with those from prior research. These 
investigations demonstrate that a trade-off between efficiency and output power is unavoidable owing 
to the nonlinear characteristics of the power amplifier [48], [57]‒[59]. This is easily demonstrated by 
juxtaposing the outcomes of the suggested design with prior results.  Although the suggested amplifier 
(MDPA) did not surpass [16] and [52] in output power, its superiority was unequivocally proved in 
terms of efficiency, linearity, and dynamic range (DR). Consequently, the outcomes derived from the 
modified Doherty power amplifier (MDPA) has characteristics that render it appropriate for various 
applications. 

Table 3.  Comparison of the suggested amplifier's results with those of prior studies 

Properties 2023 [1] 2021 [15] 2021 [16] 2021 [52] 2023 [60] This Work 
Frequency 

(GHz) 0.85 0.91 1.68 3.3 3.3 0.85 

Pout (dBm) 22.7 33.8 43.5 45 45 38 
Gain (dB) 12 34.6 13.5 11.4 12 23 

PAE% 60 54.5 53.6 70.1 56 71.3 
DR (dB) 7.3 7.8 9.6 9 7.5 12 

Bw (MHz) 100 10 10 60 500 100 

Technique Inverted 
Doherty 

IMD3 
Cancellation 

Method 
Doherty Load 

Modulated 
Modulated 
Balanced 

Modified 
Doherty 
(MDPA) 

Application Power-
Combining 

Power-
Combining 

Complex 
Combining 

Load 

Efficiency 
Enhancement 

Power 
Amplifier 

Power 
Combiner 

5. Conclusion 
In this study, a modified Doherty power amplifier (MDPA) model was proposed to achieve a 

high performance in terms of efficiency, linearity, and output power. The main and auxiliary 
amplifiers are constructed using two identical amplifiers with the same bias point. The E-type 
switching amplifier served as the basic model for building the two amplifiers. The current gain of the 
main amplifier was doubled by connecting two amplifiers in parallel, while voltage amplification was 
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emphasized in the auxiliary amplifier. The optimization principle for distributing power between the 
main and auxiliary amplifiers was implemented by controlling the input impedance of both amps. The 
ADS simulation program was used to implement and test the proposed amplifier. The simulation 
results proved that the use of a switching amplifier is effective in enhancing the amplifier's efficiency. 
Simultaneous voltage and current amplification significantly increased the amplifier's gain and output 
power. The asymmetric power distribution and the load modulation network enhanced the amplifier's 
dynamic range and bandwidth by achieving optimal matching, which involved maintaining the 
amplifier's output impedance and minimizing the impact of parasitic components as power levels 
change. The designed model was tested with a single-tone signal at 850 MHz. The amplifier 
demonstrated a power-added efficiency (PAE) of 71.3% at an output power of 38 dBm and a dynamic 
range of 12 dB.  Based on the obtained results and comparison with previous works, the proposed 
amplifier is a suitable option for modern communication systems and can be practically implemented. 
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