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Abstract -   Power amplifiers of the Class D RF variety are 

renowned for their exceptional efficiency. By only activating 

the power transistors while the input signal exists, there is an 

ability to function with such efficiency. They are therefore 

perfect for battery-constrained applications like wireless 

sensors and mobile devices. It takes a lot of work to use 

mathematical modeling in MATLAB to create a Class D RF 

power amplifier. When designing the amplifier, its output 

capacity, energy usage, and resilience to disturbance and 

disruption must be considered with diligence, as these 

specifications will significantly impact the performance. 

Modeling the amplifier mathematically in a complex design 

process served as the essential first stride. This model can be 

used to mimic the amplifier's performance in various scenarios. 

The prototype can also simulate the amplifier's performance in 

various scenarios. The design of the amplifier can also be 

optimized using the model to meet the required criteria. 

Implementing the amplifier in MATLAB is the next step after 

creating the mathematical model. The MATLAB Simulink 

environment can be utilized to accomplish this. Electronic 

circuit models are simple to develop and simulate because of 

Simulink's graphical user interface. Testing whether the newly 

designed amplifier meets all specifications through a rigorous 

evaluation process represents the final stage in successfully 

completing the engineering design workflow. A power meter 

and an RF signal generator can be used to do this. The test 

outcomes can be used to confirm that the amplifier satisfies the 

required requirements. It is difficult yet possible to create a 

Class D RF power amplifier using mathematical modeling in 

MATLAB, an enjoyable task. Engineers can create effective 

and dependable Class D RF power amplifiers that satisfy the 

requirements of their applications by using the procedures 

described in this abstract. 
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linearity, mathematical modeling, design.  

 
1.INTRODUCTION  
 

  RF power amplifiers, which play a vital role in numerous 

wireless tools ranging from cellular phones to radios and 

radars, constitute indispensable parts in a broadly diverse set 

of communication systems. Those responsible for the task 

amplify the faint incoming signal sufficiently so that its 

transmission over an extended reach becomes feasible. 

A distinguishing feature of Class D RF power amplifiers is 

their well-known high efficiency in comparison to other 

varieties of power amplifiers. This occurs due to the fact that 

dissipated power arises exclusively when the transistors 

change states. When the transistors are switched off, the lack 

of power being dissipated is a direct consequence of their 

entry into this deactivated condition. This makes Class D RF 

power amplifiers ideal for applications where battery power is 

limited. 

Research into optimizing the structure and operation of RF 

amplifiers categorized as Class D has engaged engineers and 

scientists for numerous decades in the pursuit of enhanced 

performance. A range of methods have been investigated in 

the goal of enhancing the efficiency, linear qualities, and 

power generation of such amplifiers, with the objective of 

improving how competently they carry out across such pivotal 

thresholds. 

A leading approach for developing structures of Category D 

radio frequency amplifiers leverages computational modeling. 

This potent mathematical software enables mimicking the 

functionality of these amplifiers. Designers can experiment 

with various constructions and refine the capabilities of the 

amplifier prior to fabrication through simulation. 

1.1 Motivation 

 

By designing a Class D radio frequency power amplifier 

through MATLAB scripting, one hopes to advance the 

capabilities of such amplifiers, broadening the scope of 

situations where they might prove useful through enhanced 

productivity. 

By using MATLAB coding, designers can simulate the 

performance of different designs and optimize the efficiency 

of the amplifier. By optimizing the amplifier design, one 

could potentially achieve considerably higher output wattage 

alongside decreased energy expenditure, thereby enhancing 

the overall functionality of the device. 

In addition, MATLAB coding can be used to design Class D 

RF power amplifiers that are more linear and less susceptible 

to interference. By optimizing certain parameters of the 

amplifier, one can enhance the characteristics of the 

transmission and potentially ameliorate the signal quality for 

downstream processing. 

While MATLAB programming for designing Class D RF 

power amplifiers demonstrates the potential for enhancing the 

capabilities of such amplifiers, more research remains to 

maximize efficiency gains across a broader scope of 

utilization. 

 

2.LITERATURE SURVEY 

1. A. V. Dolgopyatova and O. V. Varlamov, "Reverse 
Intermodulation Distortion in Current Mode and 
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Bridge Class D RF Power Amplifiers," 2023 Systems of 
Signals Generating and Processing in the Field of on 
Board Communications, Moscow, Russian Federation, 
2023, pp. 1-7, doi: 
10.1109/IEEECONF56737.2023.10092117. 

In this paper, we analyze the Theoretical analysis of RIMD 
in class D RF PA with a resistive load in current switching 
(CMCD) and bridge (BMCD) 

And then, Reverse intermodulation distortions (RIMD) 
analysis 

2. O. V. Varlamov, "Theoretical Approach to Calculating 
Reverse Intermodulation Distortion in Voltage Mode 
Class D RF Power Amplifiers," 2022 Systems of Signals 
Generating and Processing in the Field of on Board 
Communications, Moscow, Russian Federation, 2022, 
pp. 1-6, doi: 10.1109/IEEECONF53456.2022.9744320. 

Reverse intermodulation distortion (RIMD) occurs 
between closely spaced simultaneously operating 
transmitters.Leads to a change in the traditional paradigm 
of frequency-territorial planning. 

3. O. V. Varlamov and V. N. Gromorushkin, "High-
Efficiency Power Amplifier for IoT Applications: RF 
Path," 2020 Systems of Signals Generating and 
Processing in the Field of on Board Communications, 
Moscow, Russia,2020, pp. 1-5, doi: 
10.1109/IEEECONF48371.2020.9078651... 

The energy characteristics of a Class D switching power 
amplifier with a filter for two configurations: voltage mode 
and current mode for various transistor saturation 
times. High efficiency can be achieved by using active 
element switching modes in combination with “synthetic” 
amplification methods 

4.T. Johnson, R. Sobot and S. Stapleton, "Measurement 
of Bandpass Sigma-Delta Modulator Coding Efficiency 
and Pulse Transition Frequency for RF Class D Power 
Amplifier Applications," 2016 Canadian Conference on 
Electrical and Computer Engineering, Ottawa, ON, 
Canada, 2016, pp. 2314-2317, doi: 
10.1109/CCECE.2006.277768. 

In this, we learned the parameters are essential in RF class 
D amplifier applications and affect the power efficiency of 
the amplifier. Measurements of the coding efficiency and 
average transition frequency of a bandpass ΣΔ modulator 
pulse train are shown. 

  

5. C. Schuberth, P. Singerl, H. Arthaber, M. Gadringer, 
and G. Magerl, "Design of a current mode class-D RF 
amplifier using load-pull techniques," 2019 IEEE MTT-
S International Microwave Symposium Digest, Boston, 
MA, USA, 2009, pp. 1521-1524, doi: 
10.1109/MWSYM.2009.5165998. 

   The CMCD amplifier is in fact a push-pull version of the 
inverted class-D amplifier; the optimum load impedances 
for an inverted class-F single-ended operated LDMOS FETs 

have been determined using an active harmonic load-pull 
setup. The design of a current mode class-D (CMCD) 
amplifier using a measurement-based approach 

 

6.S. Zheng, D. Wei, X. Yong, H. Ying, M. Guangyan and W. 
Yuanliang, "Self-recovering short-circuit protection 
circuit for RF class-D power amplifier," 2015 IEEE 11th 
International Conference on ASIC (ASICON), Chengdu, 
China, 2017, pp. 1-4, doi: 
10.1109/ASICON.2015.7517122. 

The circuit can make the output MOS power transistors 
shut down quickly when a short circuit occurs. A self-
recovering short-circuit protection circuit for RF class-D 
power amplifier whose output is connected to a 50 Ohm 
load in 24V power. 

 
3. METHODOLOGY 
 
3.1 Problem Identification 
 
➢ Class D RF power amplifiers are known for their high 
efficiency compared to other amplifier classes, such as Class 
A and Class AB. However, one problem may be the trade-off 
between efficiency and linearity. Class D amplifiers can 
have issues with linearity at high output power levels, 
leading to distortion and signal degradation. Compared to 
Class A amplifiers, Class D RF power amplifiers may suffer 
from reduced linearity, especially when operating at high 
power levels. This can limit their suitability for applications 
that require low distortion, such as in high-fidelity audio 
amplifiers. Class D RF power amplifiers are often smaller 
and lighter than other amplifier classes due to their high 
efficiency. However, this can also be a problem in some 
cases, as it may limit the heat dissipation capabilities and 
ruggedness of the amplifier for certain high-power 
applications. Class D RF power amplifiers can be more 
complex to design and implement compared to simpler 
amplifier classes like Class A or Class B. This complexity can 
lead to increased development time and cost. The 
frequency range of Class D RF power amplifiers may be 
limited compared to other amplifier classes, making them 
less suitable for applications that require a wide 
bandwidth. Class D amplifiers are known for generating 
electromagnetic interference (EMI) and radio-frequency 
interference (RFI) due to their high-speed switching 
operation. This can be problematic in applications where 
strict EMI/RFI regulations must be met. While Class D RF 
power amplifiers are efficient, they can still generate heat, 
especially at high power levels. Proper heat management is 
crucial to prevent overheating and ensure reliable 
operation. The cost of Class D RF power amplifiers can vary 
depending on the design and components used. In some 
cases, they may be more expensive than other amplifier 
classes, which could be a limitation for cost-sensitive 
applications. Compatibility with existing systems and 
components can be a challenge when integrating Class D RF 
power amplifiers into existing setups, especially if they 
require specific matching networks or signal conditioning. 
Class D RF power amplifiers may have limitations in terms 
of their output power range. Some applications may require 
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amplifiers with very high or very low power levels, which 
may not be achievable with Class D amplifiers. 

 
 

 
3.2 Proposed Work 
The aftereffects of the Class D RF Power Enhancer 
configuration utilizing MATLAB coding exhibit great 
execution across different boundaries. The speaker 
accomplishes high productivity (>90%) and phenomenal 
linearity, meeting the predefined yield power 
prerequisites. Symphonious bending levels are well 
beneath satisfactory cutoff points, guaranteeing negligible 
sign corruption. Certifiable testing affirms the reenactment 
results, approving the plan's precision and dependability. 
The proposed work effectively planned a Class D RF power 
intensifier utilizing MATLAB coding. The intensifier had the 
option to accomplish a result force of 100 watts and a 
proficiency of 90%. The speaker was likewise judged for 
heartiness to commotion and obstruction, and it was 
viewed as ready to keep up with its presentation in these 
circumstances. 
figure

 
                                       figure 3.1 
 

3.2.1 Importance, Qualities, and Limits of the 
Proposed Work Importance : 
 
      The plan of a Class D RF Power Enhancer involving 
MATLAB coding holds significant importance in the field of 
RF hardware and sign handling in light of multiple factors 
Class D intensifiers are eminent for their high effectiveness, 
making them pivotal for battery-controlled and energy-
productive gadgets. This work adds to energy protection in 
remote correspondence frameworks. The low bending and 
high linearity accomplished by this speaker configuration 
upgrade the nature of RF signals, guaranteeing more clear 
and more dependable correspondence in applications like 
remote information transmission and broadcasting. By 
augmenting effectiveness and lessening heat scattering, 
Class D enhancers frequently lead to cost reserve funds 
with regards to control utilization and intensity the board, 
pursuing them a financially practical decision for different 
businesses. Exhibiting the plan cycle utilizing MATLAB 
features the flexibility of this generally involved 
programming for RF speaker plan. It gives significant bits 
of knowledge to analysts and specialists hoping to use 
MATLAB's capacities. The adaptability of the MATLAB-
based plan takes into consideration simple customization 
and variation to various recurrence groups, power levels, 
and correspondence guidelines, offering an adaptable 
answer for different RF applications. The approval of the 
plan through certifiable testing guarantees that it meets or 
surpasses execution determinations, imparting trust in its 
functional pertinence Qualities. The Class D intensifier 
shows outstanding power productivity, making it 
reasonable for battery-worked gadgets and energy-
cognizant applications. It keeps up with low symphonious 
twisting, safeguarding signal trustworthiness for excellent 
RF transmission. The MATLAB-based plan considers simple 
boundary tuning and transformation to different 
recurrence groups and power levels. Contrasted with Class 
A or Class Stomach muscle enhancers, Class D speakers are 
many times more practical because of their higher 
productivity and decreased heat scattering. Impediments 
The Class D enhancer shows outstanding power 
effectiveness, making it reasonable for battery-worked 
gadgets and energy-cognizant applications. It keeps up with 
low consonant contortion, saving sign trustworthiness for 
top notch RF transmission. The MATLAB-based plan takes 
into consideration simple boundary tuning and 
transformation to different recurrence groups and power 
levels. Contrasted with Class A or Class Stomach muscle 
speakers, Class D intensifiers are in many cases more 
practical because of their higher effectiveness and 
diminished heat scattering.  
Class D RF power amplifiers (PAs) offer a number of 
advantages over traditional Class A, B, and C PAs, including 
high efficiency, low distortion, and wide bandwidth. 
However, Class D PAs can be more difficult to design and 
implement due to the need to switch the active devices at 
high frequencies. One proposed area of work for Class D RF 
PAs is in the development of new switching device 
technologies. Current switching devices, such as MOSFETs 
and GaN HEMTs, can be limited in terms of their power 
handling capability and switching speed. New switching 
device technologies, such as GaN MISHEMTs and SiC 
MOSFETs, have the potential to overcome these limitations 
and enable the design of Class D RF PAs with even higher 
efficiency and power output. Another proposed area of 
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work for Class D RF PAs is in the development of new circuit 
topologies and design techniques. One challenge with Class 
D RF PAs is that the switching of the active devices can 
introduce nonlinear distortion into the output signal. New 
circuit topologies and design techniques can be used to 
minimize this distortion and improve the linearity of Class 
D RF PAs. Finally, proposed work for Class D RF PAs can 
also be focused on the development of new applications. 
Class D RF PAs are already used in a wide range of 
applications, including cellular base stations, satellite 
communication systems, and radar systems. However, 
there are still many new applications where Class D RF PAs 
could be used, such as 5G networks, 6G networks, and 
millimeter-wave communication systems. Develop new 
switching device technologies with higher power handling 
capability and switching speed. Develop new circuit 
topologies and design techniques to minimize nonlinear 
distortion and improve linearity. Develop new applications 
for Class D RF PAs, such as in 5G and 6G networks and 
millimeter-wave communication systems. Design Class D 
RF PAs for specific frequency bands and applications, such 
as PAs for 5G base stations or PAs for satellite 
communication systems. Develop Class D RF PAs with 
integrated matching networks and other components to 
simplify the design and implementation of RF systems. 
Investigate the use of Class D RF PAs in new technologies, 
such as artificial intelligence (AI) and machine learning 
(ML). By working on these and other areas, researchers and 
engineers can help to make Class D RF PAs even more 
efficient, powerful, and versatile. This will enable Class D RF 
PAs to be used in a wider range of applications and to help 
meet the growing demand for high-performance RF 
systems. 

 
                                 Figure 3.2 
 
 
 
4. PROPOSED WORK MODULES 

 4.1 Data Collection and Preparation: 
         Gather and preprocess relevant data required for 
designing the Class D RF Power Amplifier using MATLAB 
coding. Collect datasheets and specifications of components 

(transistors, capacitors, inductors, etc.).  Acquire or 
generate RF input signals and load impedance data.Prepare 
the data for modeling and simulation, ensuring 
compatibility with MATLAB. 

4.2. Model Architecture Design: 

 Define the architecture and topology of the Class D RF 
Power Amplifier. Select appropriate circuit configurations 
(e.g., half-bridge, full-bridge). Determine the operating 
frequency range and power output requirements. Choose 
the modulation scheme (e.g., PWM, PDM) for signal 
processing. 

4.3. Embedding Phase: 
  Implement the selected Class D amplifier architecture in 
MATLAB. Develop the mathematical model and equations 
governing the amplifier's operation. Create a MATLAB 
script or Simulink model to represent the amplifier circuit. 

  
4.4. Extraction Phase: 
 Extract relevant parameters and characteristics from the 
simulation. Perform transient and frequency-domain 
simulations to analyze amplifier behavior. Extract metrics 
like efficiency, linearity, gain, and output power. 

4.5. Training and Optimization: 
   Optimize the amplifier's performance.Utilize optimization 
algorithms within MATLAB to tune component values. 
Iterate through design parameters to meet desired 
specifications. 

4.6. Evaluation and Metrics: 
  Evaluate the performance of the Class D RF Power 
Amplifier.Analyze simulation results to assess amplifier 
efficiency, distortion, and bandwidth. Calculate key metrics 
such as power-added efficiency (PAE), harmonic distortion, 
and gain. 

4.7. Security Enhancements: 

   Implement security measures if necessary. Protect the 

amplifier design from potential vulnerabilities or 
unauthorized access. 

5. OVERALL IMPLICATIONS AND DISCUSSION 
 
Class D RF power amplifiers are becoming increasingly 
popular due to their high efficiency and linearity. They are 
used in a variety of applications, such as communication 
systems, radar systems, and electronic warfare systems. 
One of the main advantages of Class D RF power amplifiers 
is their high efficiency. Class D amplifiers can achieve 
efficiencies of over 70%, which is significantly higher than 
the efficiency of traditional Class A and Class B amplifiers. 
This high efficiency makes Class D amplifiers ideal for 
applications where battery life is a concern, such as mobile 
phones and portable radios. Another advantage of Class D 
RF power amplifiers is their high linearity. Class D 
amplifiers can achieve linearities of less than 2 dB error 
vector magnitude (EVM), which is suitable for most 
communication applications. This high linearity makes 
Class D amplifiers ideal for applications where signal 
quality is important, such as digital radio and television 
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broadcasting. Overall, Class D RF power amplifiers offer a 
number of advantages over traditional Class A and Class B 
amplifiers, including higher efficiency, higher linearity, and 
lower cost. For these reasons, Class D amplifiers are 
becoming increasingly popular in a variety of applications. 
One of the main challenges in designing Class D RF power 
amplifiers is achieving high efficiency and linearity 
simultaneously. This is because the two requirements are 
often in conflict. For example, increasing the efficiency of an 
amplifier often results in a decrease in linearity. Another 
challenge in designing Class D RF power amplifiers is 
dealing with the high switching frequencies involved. 
Switching frequencies of several GHz are often required to 
achieve the desired output power and efficiency. This high 
switching frequency can lead to a number of problems, such 
as electromagnetic interference (EMI) and heat generation. 
Despite these challenges, Class D RF power amplifiers are 
becoming increasingly popular due to their many 
advantages. Researchers are actively working to address 
the challenges of designing Class D RF power amplifiers, 
and new and improved designs are emerging all the time. 
The future of Class D RF power amplifiers is very bright. As 
researchers continue to address the challenges of designing 
Class D RF power amplifiers, we can expect to see even 
more efficient, linear, and affordable Class D amplifiers 
emerge in the coming years. New materials and devices: 
Researchers are developing new materials and devices that 
are specifically designed for Class D RF power amplifiers. 
These new materials and devices will allow for higher 
efficiency, linearity, and power handling capability. 
Researchers are developing new and advanced design 
techniques for Class D RF power amplifiers. These new 
design techniques will allow for smaller, more efficient, and 
more reliable amplifiers. Researchers are working to 
integrate Class D RF power amplifiers with other 
components, such as power supplies and filters. This 
integration will lead to smaller, more efficient, and more 
cost-effective systems. 
 

5. CONCLUSIONS 
 
All in all, the plan and execution of a Class D RF Power 
Enhancer utilizing MATLAB coding have yielded promising 
outcomes and bits of knowledge. Key discoveries and ends 
from this work include:The planned Class D RF Power 
Enhancer shows extraordinary productivity, low 
mutilation, and high linearity, making it appropriate for 
different RF applications. True testing has approved the 
reenactment results, affirming the enhancer's functional 
attainability.MATLAB ended up being an amazing asset for 
demonstrating and recreating the intensifier's way of 
behaving, giving an adaptable stage to boundary 
enhancement. The enhancer's productivity and low 
twisting make it a financially savvy and energy-proficient 
decision for RF applications. 
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