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ABSTRACT 

This work presents the design of a class-B power amplifier with the use of Double-Gate 

(DG) Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET). It analyzes the 

indices of system performance indices for class-B power amplifiers using DG MOSFET. It 

presents a comparative analysis of three power amplifiers using different switching devices, 

i.e., BJT, traditional single-gate MOSFET, and designed amplifier using DG MOSFET.

It was realized that the class-B power amplifier with the use of DG MOSFET reduces 

the crossover distortion which is a major issue faced by class-B power amplifiers. The 

hardware design is also presented and tested with advanced electronic components such as 

oscilloscope, function generator, and DC power supply, it was observed that the crossover 

distortions are not exist in the output waveforms of the hardware circuit design. The class-

B power amplifier is commonly used for power amplification due to its performance, such 

as high input signal fidelity at the output and high-power efficiency. These power 

amplifiers are being designed and simulated to test the switching speed to receive the output 

signal when an input signal is applied. The comparison of these three power amplifier 

circuits is taken to conclude which power amplifier circuit performs better regarding its 

switching speed. The basics switching speed is the time the power takes to amplify the 

signal, which is the same as the time to amplify the signal to a specific gain. In addition, 

the settling time for these three types of power amplifiers also have been tested and 

presented to justify the performance of these three types of power amplifiers.  

Losses of the class-B power amplifier using DG MOSFET are presented and compared 

to the design of class-B power amplifier using traditional single-gate MOSFET. This thesis 

describes the design of a power amplifier having DG MOSFET, which is a device used to 

amplify any input signal; it can be an audio signal or any signal. The thesis provides 

information on the problem identification/description, design objectives/requirements, and 

the design specifications, both functional and non-functional, together with design 

constraints and simulation circuits. Various solutions to the problem are discussed and the 

preferred solution is proposed, together with analysis. 
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Chapter-1 

INTRODUCTION 

 

1.1   Background 

Power amplification is one of the significant aspects of industrial application 

because of its performance to amplify high-noise signals to low-noise signals while 

amplifying the power and reducing crossover distortions [1]. A Power Amplifier (PA) is 

an electronic device; its output signal power (delivered to the load) is more significant than 

that of an input signal power (it takes from the driver stage) [2, 3]. Due to the change of 

networks from 4G to 5G, power amplifiers in 5G wireless applications will vary from other 

networks. The 5G wireless revolution brings drastic Radio-Frequency (RF) design changes 

and power amplifiers for radio base stations or handsets. Besides the emergence of 5G, the 

renewed interest in power amplifier technology was stimulated by technical challenges 

and modern digital communication systems [4, 5]. The broadband modulation for 5G 

transmissions requires stringent linearity and high-power efficiency from the power 

amplifiers compared to other networks; hence, there is a need to design more superior 

power amplifiers. Centimeter-wave 5G systems are likely to arrive in the market; it is their 

mm-Wave counterpart will challenge the RF design norms [6]. Hence Multiple-Input 

Multiple-Output (MIMO) antennas serving various devices in the densely deployed 

environment will need a power amplifier with high-power efficiency and stringent 

linearity [7, 8].  

An appropriate characterizing definition of a power amplifier is that its output 

signal power conveyed to a load is more significant than the source signal power it absorbs 

from the driver stage of any device. Here in this research work, the main emphasis is 

concentrating on the class-B amplifier. The most common audio characteristics, such as 

load regulation and output power, are the requirements for designing a power amplifier. 

Various parameters affect power amplification in power amplifiers, power supplies, and 

power conversion circuits. These may vary based on the circuit design, which may cause 

various power losses [9, 10]. Class-B power amplifier performance has been analyzed by 

an active device (i.e., MOSFET and DG MOSFET), when it is closed and by the transient 

response of the load network when the switching devices are opened.  
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An ideal design also needs the slope of the drain voltage immediately when the 

device switches-ON is zero; this results in a device with zero current when it is turned ON. 

The efficiency of an ideal class-B power amplifier (i.e., one with immediate switching, 

zero saturation voltage and circuit resistance, and so forth) will be 100 % if the circuit 

components are picked to make the drain voltage arrive at zero at the moment the 

semiconductor turns-ON. Bipolar semiconductors are distinguished by a fixed Gate-to-

Source voltage (Vsat) during the saturation. The little changes of this voltage with changes 

of the drain current can be represented by using Ron in addition to saturation voltage [11, 

12]; a fixed saturation voltage reduces the drain voltage downward swing to a powerful 

voltage. This thesis expands the work of using DG MOSFET in designing a class-B power 

amplifier with the comparisons with the use of SG MOSFET in switching time and power 

losses with its power gain and amplification, 

Present-day fast power amplifiers (such as class A, B, AB) are designed with 

‘settling time’ in the scope of nanoseconds. This settling time is brief to the point that 

estimating it inside a sensible error band presents a difficult task on automatic test 

equipment yet in addition on the bench [13, 14]. Transient investigation determines a 

circuit's reaction throughout some period of time characterized by the user. The accuracy 

of the transient inquiry is subject to the size of inner time steps, which together make up 

the total simulation time known as the run time or stop time. Class-B power amplifier 

transient analysis can be determined in several ways; for this research work, one main type 

of transient analysis that is determined is settling time. In the control hypothesis, the 

settling time of a dynamical system, for example, a power amplifier or other yield device, 

is the time slipped by from the use of an ideal instantaneous step input to the time at which 

the power amplifier output has entered and stayed inside a predefined error band. The 

settling execution of a class-B power amplifier is regularly calculated using small-signal 

models with fixed parameter values. Various parameters have to be considered in 

determining the transient analysis of class-B power amplifiers, which may affect the 

transient response of the class-B power amplifier [15, 16]. These parameters include 

internal resistances of the switching devices used to design a class-B power amplifier; 

these switching devices are BJT for the type of class-B power amplifier, SG MOSFET, 

and DG MOSFET for that type of power amplifier fabrication.  

The high volumes of production of consumer wireless mobile devices have created 

a large market for high-quality, low-cost power amplifiers [17]. The most common audio 
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characteristics, such as load regulation and output power, are the requirements for 

designing a power amplifier. Generally, Single-Gate (SG) MOSFET has been used for 

large-scale amplifiers such as an audio amplifier, but to make it novel, the Si-based 

Double-Gate MOSFET has become a potential replacement [18, 19]. Common types of 

amplifiers, such as class-A, class-B, class-C, class-E, class-AB, etc., are used in signal 

amplification, but for this research work, Class-B power amplifier is being designed and 

analyzed. 

 

1.2   Problem Statement 

Besides the emergence of 5G, the renewed interest in power amplifier technology 

was stimulated by the technical challenges and the economics of modern digital 

communication systems. From this point forward, amplifiers of electrical signs have 

played a critical capacity in electronic frameworks. Most electronic devices, such as the 

radio, television, or telephone, would not work properly without Power Amplifiers (PA) 

capability.  

Due to the change of networks from 4G to 5G, power amplifiers in 5G wireless 

applications are changing from other networks [20-22]. The basic reason it is going to 

change is that the broadband modulation for 5G transmissions requires stringent linearity 

and high-power efficiency from the amplifiers compared to other networks; hence, there 

is a need for the design of superior power amplifiers to be able to maintain the requirements 

of changed 5G networks since 5G network is daily improving due to the implementations 

of Artificial Intelligence. Therefore, a change in power amplifiers for such an improved 

5G network needs to be also improved. The main problem faced by power amplifiers is 

that when an input signal (i.e. sinusoidal input) is applied to the amplifier, at the output 

stage, there are some losses and some signal shape infidelity which is caused by 

components used in designing such circuits such as different switching devices and other 

components which might affect the power gain and also the shape of the input signal.  

  The other problem faced by power amplifiers is that it takes some time to get the 

output signal when an input signal is introduced to an input stage of the circuit; such issues 

cause the power amplifier to have less amplification speed [23]. Amplification time or 

speed in determining the performance of a power amplifier is caused by the switching 
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device used. Hence different switching devices cause a power amplifier to have other 

performances and different amplification parameters. 

With this problem at hand, there is a need to develop a better structure of class-B 

amplifiers. With this motivation, this work considers how to bring about stability in the 

output of an amplifier using various parameters and comparing them for better 

performance with its trending evolution shown in Figure 1.1. The set objectives for 

achieving this are listed in the following Sections. 

 

1.3   Research Objectives  

The objective of this research work is to: 

A. Design and implement the most suitable solution for a low-cost power 

amplifier with a DG MOSFET [24-27] based class-B amplifier,  

B. With the ability to amplify the input signal power,  

C. To make an analysis about the improvement of using the DG MOSFET 

instead of using Single-Gate (SG) MOSFET or any other type of switching 

device.  

D. The main focus of analysis is to test and analyze the power amplifier's 

transient or amplification speed or time using DG MOSFET, 

E. Comparison of results with other types of switching devices such as BJTs 

and SG MOSFET. 

 

1.4   Significance of Research Work 

This research work evaluates the technical improvement of class-b power amplifier 

design in terms of various parameters such as power efficiency, settling time, power losses, 

and reduction of crossover distortion. The input signal will be amplified using a class-B 

amplifier, and the output signal should be larger than the input signal. Due to the existence 

of various power amplifiers, it is possible that class-B power amplifiers can be designed 

and implemented with the use of DG MOSFET. 

The existing power amplifiers have an issue with signal infidelity. Using DG 

MOSFET is one of the solution devices used to solve these technical issues while 

improving or maintaining the standard of power amplifiers, which always produces low 
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noise signals that may affect the ambient devices. However, DG MOSFET does not 

eradicate all of the problems of Class-B Power Amplifier, which are crossover distortions 

output waveforms, but it aims at reducing such issues but using the performance of DG 

MOSFET in switching transient.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1   Flowchart of working strategies for this thesis work. 

DESIGNED CLASS-B 

POWER AMPLIFIER 

(Discussed in Chapters 3 & 4 

- Main research work) 

DOUBLE-GATE MOSFET 

(Discussed in Section 2.1) 

 

PROCESS FOLLOWED 

(Discussed in Section 2.2) 

 

POWER AMPLIFIER 

(Discussed in Section 2.3) 
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1.5   Methodological Approach 

The class-B power amplifier has three subsystems; each performs a specific task. 

These three subsystems involve the input stage, driver stage, and output stage [28]: 

 

• Input stage - The signal is applied,  

• Driver stage - Input signal property such as voltage is used to control or switch on 

the switching devices or DG MOSFET, and 

• Output stage - Output signal is analyzed.  

 

The design approach is based on different stages, including mathematical analysis, 

the first stage of design methodology for each stage of Class-B power amplifier, followed 

by simulations where output characteristics of the mathematical design are being analyzed.  

 

1.6   Thesis Organization 

This research work has been divided into six chapters and each of these chapters 

is summarized as: 

Chapter one explains the background of power amplifiers, the objective of the 

thesis, the thesis organization, together with problem statement where the main problem 

of the class-B power amplifier is explained. 

  Chapter two gives a detailed introduction to power amplifiers, including the 

history of power amplifiers, it has a detailed explanation of DG MOSFET and its 

operation, where the different DG MOSFET is explained with their advantages and 

disadvantages. 

  Chapter three presents a mathematical analysis and design of a class-B power 

amplifier where the design algorithm is explained fully with all the use of efficiency used 

to deliver the performance of class-B power amplifier with the use of DG MOSFET. 

 Chapter four has the analysis of class-B power amplifiers with the use of DG 

MOSFET, this analysis includes transient analysis and all non-ideal effects that affect the 

performance of class-B power amplifiers. 

  Chapter five presents the circuit losses of class-b power amplifiers where 

different losses are taken into consideration, i.e., conduction losses and switching losses. 
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  Chapter six is the hardware design and results of the class-B power amplifier. 

The results of simulations are compared to the hardware results and also shows the 

detailed design steps used to implement the hardware circuit. 

Finally, in chapter seven, the summary of the research work is presented. The 

conclusion and possible work that can be implemented in the future as regards the 

structure is also listed and suggested. 

 

 

1.7   List of Publications 

 

1. Sandile H. Mbonane and Viranjay M. Srivastava, “Class-B power amplifier with 

double-gate MOSFET: A circuit perspective,” Key Engineering Material (KEM), 

vol. 907, pp. 50-56, Jan. 2022.  

(ISSN: 1662-9795)                                 [SCOPUS] 

 

2. Sandile H. Mbonane and Viranjay M. Srivastava, “Comparative parametric 

analysis of class-B power amplifier using BJT, single-gate MOSFET, and double-

gate MOSFET,” Material Science Forum (MSF), vol. 1053, pp. 137-142, Feb. 2022. 

(ISSN: 0255-5476)                           [SCOPUS] 

 

1.8   Conclusion 

 It was discussed that power amplifier significantly impacts new technology 

applications, which may vary, such as 5G networks and other new technical innovations. 

These networks require enough power to function well due to the tasks that they are 

designed to do. Class-B power amplifier aims to meet the required power for 5G networks 

to perform properly.  

 

 

 

 

 



 

8 
 

Chapter-2 

LITERATURE REVIEW 

 

In early 1936, Doherty invented his unique amplifier approach [29]. This gadget, 

which incredibly improves the effectiveness of RF power intensifiers, was first utilized in 

a 500-kW transmitter that the Western Company intended for a radio broadcast in 

Louisville, Kentucky. Western Electric proceeded to consolidate Doherty power 

amplifiers into the event, 35 business radio broadcasts worldwide by 1940 and into 

numerous different stations, especially in Europe and the Middle East, during the 1950s 

[30, 31]. The Doherty power amplifier is an adjusted class-B RF power amplifier. In 

Doherty's day, inside the Western Electric product offering, this namesake electronic 

gadget worked as a direct power amplifier with a balanced driver. In the 50-kW execution, 

the driver was a finished 5 kW transmitter that could, if essential, be worked autonomously 

of the Doherty power amplifier, the Doherty power amplifier was utilized to raise the 5 

kW level to the necessary 50 kW level [32].  

The power amplifier was typically designed as a grounded cathode, transporter top 

intensifier utilizing two vacuum tubes in equal association, one as class-B transporter tube 

and the other as class-B top cylinder (i.e., power semiconductors). The cylinders' source 

(driver) and burden (reception apparatus) were part and consolidated through ± 90° stage 

moving organizations [33, 34]. Alternate configurations included a grounded-grid carrier 

tube and a grounded-cathode peak tube, whereby the driver power was effectively passed 

through the carrier tube and was added to the resulting output power—but this benefit was 

more appropriate for the earlier and less efficient triode implementations rather than the 

later and more efficient tetrode implementations. 

Power amplification of electrical signals has played a key function in electronic 

systems ever since, enabled by Lee de Forest's invention of the vacuum tube triode in 1906 

[35]. Given a particularly wide application space, it isn't surprising that electrical architects 

have immediately worked out the subtleties of planning great force intensifiers, first with 

vacuum tubes and afterward with discrete semiconductors. Common amplifiers, such as 

class-A, class-B, class-C, class-E, class-F, class-G, class-AB, etc. are used in signal 

amplification [36]. For the aim of this thesis or research work, class B amplifier becomes 

favored over class-A and class-AB. The class-AB amplifiers are not favored because of 
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the step alternate in loop gain that takes place as the amplifier output movements from 

class-A to class-B.  

 

2.1   DG MOSFET and its operation 

The Double-Gate (DG) MOSFET is an extended version of MOSFET that operates 

slightly different from the other MOSFET, and its structure is also different from the other 

MOSFET [37-40]. Starting from its structure, as shown in Figure 1, the gates are connected 

in series, and either one can operate independently to control the FET's operation. If the 

gate length is reduced, higher cut-off frequencies are Acquired. The transistor's switching 

activity degrades whenever the drain and source take over the electrostatic control of the 

channel by the gate. MOSFET has a gate electrode which is called Gate, this gate electrode 

is electrically insulated from the semiconductor P/N channel. They are insulated by a thin 

insulating layer which is silicon dioxide. The insulated metal oxide gate electrode act as 

one plate of a capacitor, the controlling gate, which is insulated from the main 

semiconductor P/N channel forms a high input resistance which is extremely high up to 

Mega Ohms, which makes it infinite. The gate terminal is electrically insulated from the 

semiconductor channel between the source and the drain; hence no current will flow into 

the gate or current from the drain to the source since the gate is insulated from the main 

current-carrying channel. This makes MOSFET act as a voltage controlled, which means 

the current flowing through the channel is directly proportional to the input voltage 

supplied to the MOSFET gate [41]. Adding another gate to the MOSFET with the same 

drain, body, and source imposes additional adjusting or control over the channel and puts 

back the gate control.  

The total gain current increases because of a structure that is equivalent to two 

transistors mounted back-to-back. There is some capacitance between the gates, resulting 

in mutual coupling, but it is rarely important until higher frequencies of about 400 MHz - 

500 MHz are considered. Most of the dual-gate MOSFETs operate in a depletion mode 

and are different from what one might expect after having been used to simple junction 

type FET's. In general, most of the DG MOSFETs circuits are arranged so that the gate 

closest to the drain is fixed biased and the gate closest to the source is used for an input 

signal.  

 



 

10 
 

 

Fig. 2.1.   Schematic of the DG MOSFET, where D: Drain, S: Source, G2 and G1: Gate-

2 and Gate-1SiO2 [38]. 

 

The use of MOSFET is becoming an essential device in electronic applications, 

such as a requirement of switching circuitry [39, 40]. The DG MOSFET does not solve all 

the transistor problems, but its list of advantages such as low power dissipation when it is 

operating at saturation region help increase the efficiency of class-B power amplifier. 

There are two types of MOSFETs with different structures, different switching transients, 

and voltage drops when used as a switch. The following section describes the advantages 

of DG MOSFET over Single-Gate (SG) MOSFET w.r.t. amplifier application. 

 

2.2   Class-B Power Amplifier Design steps with DG MOSFET (Block 

Diagram) 

Figure 2.2 shows a block diagram of Class-B power amplifier with the use of DG 

MOSFET. The class-B power amplifier is implemented with DG MOSFET, where it is 

combined with a class-b power amplifier and used to amplify an input signal or drive a 

load.  
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Fig. 2.2.   Class-B power amplifier block diagram. 

 

2.2.1   Advantages of DG MOSFET 

The advantages of DG MOSFETs are switching transient Ion/Ioff, low noise, better 

power gain, excellent dynamic range, low feedback capacitance, each gate has a lower 

leakage. In double-gate MOSFET as the name says, two gate terminals are used, the second 

terminal is used to reduce and control the feedback capacitance between input and output; 

hence the power amplifier becomes more stable. The gate oxide between the gate and the 

channel is an insulator layer and the metal used for the gate is a good conductor and the 

channel is also a good conductor, hence all these three layers together form a capacitor. 

This is like two capacitors in series and the total capacitor in a series is less than an 

individual capacitance. Using the following inductive reactance equation: 

𝑋𝐶 =
1

2𝜋𝑓𝐶
 

where f is the frequency of an input signal and C is the capacitance. In DG MOSFET 

structure which forms two capacitances connected in series, the total capacitance in DG 

MOSFET is less than that of SG MOSFET, using the above equation capacitance 

decreases, the total reactance increases. Using ohms law which states that total resistance 

is equal to the voltage across the resistance divided by total current flowing through the 

resistance, this means that as the reactance increases, the total current through the 

resistance or device decreases. Therefore, DG MOSFET has lower current leakage across 

it due to the internal capacitances connected in series. It offers better scalability because it 

reduces Short-Channel Effects (SCE) and offers better control of channels from the gates. 

It also provides a better electrostatic over the channel [42, 43]. 
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The electrostatic of the DG MOSFET can be portioned into two general 

classifications: symmetrical and asymmetrical. The symmetrical DG MOSFET has a 

similar gate bias and consequently switch-ON simultaneously. The asymmetrical DG 

MOSFET can have different work functions and biasing circuits. For this design, authors 

have considered the symmetric type, as the asymmetric type is very sensitive to the Silicon 

body, which influences the threshold voltage, thus impacting SCEs. The n-channel DG 

MOSFET (BF998, Fig. 3) has been used in this design [44]. 

 

 

 

Fig. 2.3.   Used MOSFET in this thesis work (BF998) [44]. 

 

Figure 2.3 shows a DG MOSFET that has two entryways, for example, a front 

entryway or front gate and a back entryway or back gate. The terminals, i.e., gate terminals, 

control an electric field that decides the measure of flow through the channel; the channel 

flow is reliant on the Silicon thickness [4]. It tends to be scaled to the most limited 

conceivable length for a given oxide thickness and is more electrostatically hearty than the 

prior detailed MOSFETs because of the double door protecting and the diminished short 

channel impacts.  

 

2.2.2   Symmetric and Asymmetric 

In this type of DG MOSFET, both gates have identical work-functions where both 

the surface's channels turn-ON simultaneously [44-46]. 
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Fig. 2.4.   Asymmetric (Independent) driven DG MOSFET. 

 

At the point when (G_1) and (G_2) are turned on with a similar gate voltage for 

example combined. The activity method is considered to be asymmetric as appeared in 

Figure 2.4. 

 

 

Fig. 2.5.   Symmetric DG MOSFET. 

 

It shows the dependent-driven DG MOSFET, in which gate-1 (G1) and gate-2 () 

(𝐺2) do not have the same or common gate voltage. The main advantage of using DG 

MOSFET over other switching conductors is that its size is scaled in dimension, which 
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makes it more advantageous in power losses and because of that, the efficiency of power 

amplification is improved. When switching devices are used in power amplification, 

devices that are used must have low power dissipation through it when the system is fully 

functioning to improve the efficiency of the system; hence for class-B power amplifier, 

DG MOSFET makes it has low power dissipation through it because of the scaled size 

structure of DG MOSFET.  

 

2.3   Design Solution of Class-B Power Amplifier 

 Class-B amplifier supplies an output signal changing over each half-cycle of the 

input signal [47]. Hence the biasing of dc voltage is zero volt. The power dissipation of 

this type of amplifier is zero at the quiescent condition (i.e. when no-load and input signal 

are connected to the amplifier) [48]. There is no power dissipation because the collector 

current is zero when there is no load or input signal. The circuit is forward biased when 

the positive half-cycle of the input signal is applied, and it is reversed biased when the 

input signal is negative; hence there will be no collector or drain current. In that case, only 

the positive input signal will be amplified. As a result, the negative half-cycle will be 

absent, as shown in Figure 2.6. This also results in more power dissipation if the input 

increases. 

 

Fig. 2.6.   Class-B amplifier common collector [49]. 
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The class-B power amplifier is different from the other power amplifier classes 

(i.e., class-A, class-AB, class-C, etc.) in a way that each transistor will not conduct if there 

is no input signal applied to the input of the power amplifier [49]. Only half of the input 

signal will be amplified when the sinusoidal input signal is applied. This is because the 

operating point is selected to be at the collector in case BJTs are used and in the drain 

when MOSFETs are used. In this thesis work MOSFET has been used. 

The common disadvantage of the class-B amplifier is that it has higher crossover 

distortion as a result that DG MOSFET will be used to minimize the crossover distortion 

in this work. Although the efficiency of class-B power amplifier is higher than class-A, as 

just a one-half cycle of the signal is utilized, the crossover distortion is high. Additionally, 

the input power is not used. The push-pull arrangement is presented in a class-B amplifier 

to solve these issues in this thesis work. 

A two-semiconductor setup is important to get an adequately decent proliferation 

of the input signal waveform. This setup is known as a complementary-symmetry or push-

pull amplifier (push-pull amplifier). The word push-pull comes from the way that two 

semiconductors in class-B amplifiers conduct an exchanging half-cycle of the input signal. 

The joined half-cycle at the output then created an output signal for a full 360o of operation 

[50].  

 

 

Fig. 2.7.   Class-B power amplifier push-pull amplifier [50]. 
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2.4   Types of Class-B Power Amplifiers 

In this section, we have compared the different types of class-B amplifiers and 

chose the best type of class-B that will be implemented for a design of a class-B power 

amplifier using a Double-Gate (DG) MOSFET.  

 

2.4.1. Class-B Power Amplifier With Transformer 

The circuit of Figure 2.8 shows a class-B power amplifier circuit that utilizes a fair 

balanced center-tapped input transformer, which separates the input signal's waveform into 

equivalent two half' input waves, which are out of phase by 180 degrees with one another 

[51].  

 

 

Fig. 2.8.   Class-B power amplifier with transformers. 

 

Another middle-tapped transformer on the output is utilized to recombine the two 

signals giving the expanded or increased power to the load. The semiconductors used for 

this kind of transformer push-pull power amplifier circuit are both NPN semiconductors 

with their producer terminals associated together [51, 52]. If the transformer is precisely 

center-tapped, the two-collector current will flow in inverse ways (ideal condition), and 

there will be no magnetization of the transformer core, limiting the crossover distortion. 
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2.4.2. Class-B Power Amplifier Without Transformer 

One of the primary inconveniences of the class-B power amplifier (Fig. 2.8, using 

transformers) is that it utilizes adjusted center-tapped transformers in its way of design, 

making it costly to develop [53-55]. Nevertheless, another kind of class-B amplifier named 

a complementary-symmetry class-B amplifier that doesn't utilize transformers to design it 

along these lines. These are transformer-less utilizing instead of corresponding or 

coordinating sets of intensity semiconductors.  

 

 

Fig. 2.9.   Class-B power amplifier without transformers. 

 

There is no use of transformers, which will make the power amplifier circuit 

smaller for a similar measure of the output signal; likewise, there will be no random 

magnetic field effects or transformer distortion that will affect the output waveform. Class-

B without the transformer circuit is illustrated in Figure 2.9. The output semiconductors 

for every 50% of the waveform (negative and positive) will each have a 0.7 V region and 

they do not conduct. The outcome is that the two semiconductors are switched OFF 

simultaneously. 
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2.5   Conclusion 

 Class-B power amplifier with the use of DG MOSFET is properly designed in a block 

diagram that explains the purpose of each stage, starting from stage one to stage three. 

These stages were taken purposely because if they are not properly designed, then the 

power amplifier will not perform as expected. Hence, all the subtopics explained in this 

chapter were aimed and adequately explained the process of designing power amplifiers 

and also explained the device used in this research (i.e., DG MOSFET). 
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Chapter-3 

MATHEMATICAL ANALYSIS AND DESIGN 

OF CLASS-B POWER AMPLIFIER 

 

3.1   Design Algorithm   

The design of a power amplifier is implemented by designing each stage of the 

amplifier, there are three stages (i.e. input stage, the driver stage, and the output stage). 

The design procedure for this includes mathematical analysis of the class-B power 

amplifier and deriving the formula using DG MOSFET [56, 57]. 

Class-B operation is when each semiconductor turn-ON for a positive portion of 

an AC signal, while the second semiconductor is off for the negative portion of an AC 

signal and DG MOSFET were used as semiconductors for this research. To get output for 

the full input signal, it is important to utilize two semiconductors and have each conduct 

on inverse half-cycles. The combined operation gives a total cycle of the output signal. 

The power amplifier's output power provided to the load is drawn from the power supply 

that gives the dc power or the input power. The value of this power can be calculated using 

the following equation together with the drain current of the DG MOSFET [58, 59]: 

 

in CC dcP V I=       (3.1) 

 

where VCC is the voltage given to the first DG MOSFET drain current and Idc is the average 

DC current. Likewise, the amount of average current that is drawn in each transistor can 

be given as: 

( )
maxD

dc

I
I


=       (3.2) 

Hence, 

( )
( )

max2
C

in CCdc

I
P V



 
=   

 
     (3.3) 
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In Eq. (3.3) factor 2 is multiplied because of the two DG MOSFETs in a push-pull 

power amplifier. The RMS value of the drain current is given as follows: 

( )
max

2

D

D RMS

I
I − =       (3.4) 

The RMS value of the output voltage is also calculated as follows: 

2

CC
O RMS

V
V − =       (3.5) 

Assuming an ideal state of extreme power, therefore: 

( )
( ) ( )

max
max

22 2

D CCD CC
O ac

I VI V
P


=  =    (3.6) 

Hence the total maximum efficiency 

( )

( )
O ac

total

in dc

P

P
 =      (3.7) 

( )

( )
max

max
2 2

D CC

D CC

I V

I V


= 


 

0.785 78.5%
4


= = =  

which is the maximum efficiency of class-B power amplifier  

It is important to design the component values to minimize the difference between 

the constructed circuit's approximated and actual operating conditions. This section of the 

thesis will show the calculations stage by stage, beginning at the output stage and working 

backward while making justifications for the choices and assumptions. 

 

3.2   Circuit Analysis of Class-B Power Amplifier 

Firstly, it is required to determine the voltage supply (Vcc) that would be able to 

deliver the required power to the load. Some conditions had to be imposed in the 

component calculations to minimize operating power losses in the output stage. The 

amplifier's output stage will use a DG MOSFET to get a high output current as BJT might 
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not be efficient to deliver the required current for high-power large-signal applications. 

The first step in the design of the output stage is to calculate the supply voltage required. 

 

 

Fig. 3.1.   Class-B power amplifier with DG MOSFET. 

 

It is assumed that the power is 2.5W for a 4 Ω load and imposed 1 V drop across 

each of the output drains of the DG MOSFET. It is also required to bias the circuit mid-

rail to achieve the desired class-AB operation with the symmetric push-pull configuration 

[60, 61]. To obtain Vcc it is required to know the output voltage, it is known that:  

2 2
1

2

opk o
o

L L

V V
P

R R

 
= =  

 
    (3.8) 

For a single rail supply. This gives: 

2 2.5 4 4.47oV V=   =  

Table 3.1 shows the power dissipation of a DG MOSFET when different supply 

voltages are applied. It is seen that power dissipation decrease with a decrease in source 

voltage, however, at voltages under 0.4 V - 0.3 V, the delay times shows an increase. 
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Hence for this design of class-B power amplifier, the chosen window of source voltage at 

the gate is 0.4 V, this is because the switching time is assumed to be compatible with the 

class-B amplifier to reduce crossover distortion. 

 

Table 3.1.   Power and time delay for a DG MOSFET 

Supply Voltage 

(V) 

Power Dissipated 

(𝝁𝑾) 

Rise Time 

(ns) 

Fall Time 

(ns) 

Propagation 

Delay (ns) 

0.9 1.0686 0.137 0.3617 0.2494 

0.8 0.7986 0.1412 0.3626 0.2569 

0.7 0.5758 0.1528 0.3689 0.2658 

0.6 0.3967 0.1660 0.3745 0.2702 

0.5 0.2630 0.1905 0.3854 0.2879 

0.4 0.1605 0.1935 0.3997 0.2916 

0.3 0.0870 0.2467 0.4875 0.3671 

0.2 0.0382 0.9217 1.735 1.3283 

0.18 0.0311 1.4391 2.5035 1.9713 

0.15 0.0222 3.0720 4.9982 4.0351 

 

Furthermore, from the datasheet of DG MOSFET, the worst-case VDS of 0.5 V for 

a BF904WR, the total source voltage that is required is given as: 

 

1 2CC O DS DSV V V V= + +     (3.10) 

4.4 0.4 0.4 5.2CCV V= + + =  

A 5 V as power supply to the class-B power amplifier was chosen. Still, in the 

output stage of the class-B power amplifier, it is required to know the current flowing in 

the output stage to determine the output resistors [62, 63]. To do this, the maximum output 

current needs to be calculated that can flow in the output stage: 

1 5 1
0.625

2 2 4

O
OUtMAX

L

V
I A

R

     
= = =     

    
    (3.11) 
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Using Ohm’s law [64, 65]: 

7
7 6

1
0.66

1.5

R

OUTMAX

V
R R

I

   
= = =     

  
    (3.12) 

Here 1 kΩ resistor was chosen. Looking at the output power dissipated in the two 

resistors (R6 and R7): 

( ) ( )
2 2

( 7& 6) 72 2 1.5 0.66 2.97O R R OUTMAXP I R W=  =  =  (3.13) 

 

Table 3.2.   The BF904WR limiting values [60] 

Symbol Parameter Conditions Min. Max. Unit 

𝑉𝐷𝑆 
Drain-source 

voltage 
 - 12 V 

𝐼𝐷 Drain current  - 30 mA 

±𝐼𝐺1 Gate-1 current  - 10 mA 

±𝐼𝐺2 Gate-2 current  - 10 mA 

𝑃𝑡𝑜𝑡 

Total power 

dissipation; 

BF998 

Up to 𝑇𝑎𝑚𝑏 =
60 ℃ 

- 200 mW 

Up to 𝑇𝑎𝑚𝑏 =
50 ℃ 

 200 mW 

𝑃𝑡𝑜𝑡 

Total power 

dissipation; 

BF99R 

Up to 𝑇𝑎𝑚𝑏 =
60 ℃ 

- 200 mW 

𝑇𝑠𝑖𝑔 
Storage 

temperature 
 -65 +150 ℃ 

𝑇𝑗 
Operating 

junction 

temperature 

 - 150 ℃ 

 

Selecting the output DG MOSFETs is considered the worst-case current that can 

flow through both of them. Having calculated that close to a maximum of 0.625 Ω can 

flow through both MOSFETs and BF904WR is chosen because the datasheet of this 

MOSFET shows that this amount of current can flow through the drain to the source [69, 
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70]. Using the following table obtained from the datasheet of BF904WR MOSFET, the 

voltage across the drain is calculated with the help of the datasheet. 

Table 3.2 shows the liming values of DG MOSFET (i.e. BF904WR), which is used 

to calculate the resistance in the drain of the DG MOSFET. It is seen in this table that drain 

to source voltage should not exceed 12 V and not exceed a drain current of 30mA to protect 

the drain of the DG MOSFET, it should be at least at 3 V, and the resistance needs to be 

connected between the source and the drain of the DG MOSFET. This is done to protect 

the DG MOSFET when it is in an active region. A resistor R9 is calculated as follows: 

 

1
9

CC DS

D

V V
R

I

−
=

     (3.14) 

 

 

Using a resistance standard table 68 Ω was chosen. The value of 𝐼𝐷 (drain current) 

is obtained from the table of the BF904WR datasheet. The last component in this section 

to design was the output capacitor. Its purpose is to isolate the load from the DC signal, 

this is because the output is biased such that: 

2

CC
O

V
V =      (3.15) 

when using a single rail power supply. This creates: 

      

5
2.5

2
OV V= =  

offset at the output, which means that the load will always have current flowing through it 

without the capacitor. 

 

3.3   Software Tools and Chosen Solution 

The chosen solution to implement the class-B power amplifier is an amplifier 

without transformers. The reason for choosing this type of amplifier is that it is easy to 

9

5 3
66.67

30

V V
R

mA

−
= = 
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implement and design the driver stage so that it is compatible with the DG MOSFET. Also, 

it is expensive to find the transformers to be used in this design. DG MOSFET can be 

biased by the resistors so that they operate in an active region [71-75]. 

Multisim- This software was used to build the full circuit for the design of the 

class-AB Power Amplifier, the reason why this simulation software was used is that it is 

easy to use and it has high accuracy meaning the simulation circuit from this Multisim is 

almost behave the same as the hardware circuit implementation. This software tool helps 

in developing high advanced circuit diagram, class-B power amplifier was also designed 

and simulated using this software tool.  

 

3.4   Conclusion 

 Mathematical analysis or design plays an essential role in technical system designs 

such as power amplifiers; without it, power amplifiers or any other technical system might 

not work properly. After all mathematical designs and analysis, simulation for class-B 

power amplifier was tested and analyzed, giving the researcher the guild on what 

component values should be used in electronic components such as resistor and capacitor 

values. 
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Chapter-4 

ANALYSIS OF CLASS-B POWER AMPLIFIER 

WITH DG MOSFET 

 

4.1   Class-B Power Amplifier with DG MOSFET Simulation Circuit 

The circuit in Figure 4.1 has the complete simulation of the class-B power 

amplifier, where two DG MOSFETs were used to implement the operation of a class-B 

power amplifier. The circuit consists of resistors and capacitors [76]. The purpose of using 

the fixed resistors is because resistors can bias the gates of the DG MOSFETs whenever 

the input signal is applied to the power amplifier. These biasing resistors are needed to 

minimize crossover distortion. Although this sort of circuit tries to limit crossover 

distortion, it doesn't remove all of it. Each power amplifier stage has its voltage divider 

that feeds the gates of each DG MOSFET, and they can be calculated as follows [77]: 

 

1 1

2 1

G

CC

V R

V R R
=

+
     (4.1) 

 

To get the gates voltage of 0.4 V so that DG MOSFET can operate at the active 

region and to have allowable delay time, resistor-1 and resistor-2 should be calculated. 

These resistors are calculated by fixing each resistor value i.e., resistor-1 and knowing the 

gates voltage, resistor-2 can be calculated as: 

 

( )2 1 2

1

CC

G

V
R R R

V
=  +  

( )2

5
220

0.4
k R=  +  

Solving this equation for resistor-2 is: 

2 19R k=   

These calculations are the same as the second DG MOSFET. 
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Fig. 4.1.   Class-B power amplifier with AC source. 

 

Fig. 4.2.   Class-B amplifier to avoid crossover distortions. 
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Different input signals were applied to the class-B power amplifier's input to test 

the performance of the power amplifier. In this circuit, both gates (i.e., gate-1 and gate-2) 

of DG MOSFET were connected to avoid the crossover distortion during the power 

amplifier's operation mode. The input signal was fed into the class-B power amplifier to 

test the class-B power amplifier's performance when DG MOSFETs was used with the 

SiO2 dielectric. This structure differs from the basic power amplifier [78-80]. 

 

4.2   Simulation Results 

The simulated circuit (Figure 4.1 and Figure 4.2) has been implemented aiming at 

eliminating one of the major problems faced by class-B, which is the problem of crossover 

distortion [81, 82]. In this circuit, the gates that are near the source are connected, and they 

are fixed biased to source voltage of 5 V. This has been performed so that both DG 

MOSFETs can partially operate in an active region and the other gate is connected to the 

signal that is coming from the input. 

The implementation of the design was challenging. Learning from experience led 

to setting up the design one stage at a time, testing each stage, and then testing the amplifier 

as a whole. This systematic approach led to the entire design being fully functional in a 

relatively short amount of time. 

Figure 4.3 shows the output signal, where the crossover distortions have been 

observed. These crossover distortions occur because of the transient switching time, it 

takes for one DG MOSFET to turn-ON. The delay time of the MOSFET to turn-ON 

increases the crossover distortion; hence, choosing a DG MOSFET with high switching 

transient will cause the class-B amplifier to have much crossover distortion at the output 

signal. The input AC signal was applied to the class-B power amplifier to test the 

performance of the class-B amplifier. The performance has been tested.  

The output stage was the first to be built and tested. A voltage was applied to the 

input and a corresponding value was read at the output (with no load connected). It was 

noted that it followed the input voltage almost exactly but with crossover distortions. 

Therefore, the output stage was working correctly. 
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Fig. 4.3.   Class-B output AC waveform. 

Figure 4.3 shows two signals with different properties, i.e. amplitude. It is shown 

that the output signal is the same as the input signal, meaning that the output signal has 

some crossover distortions and an amplitude slightly less than that of the input signal. The 

signal in channel B, which is connected to the class-B amplifier's output stage, has the 

peak-to-peak voltage that is greater than that of channel A. the gain of the power amplifier 

is then calculated using these output signals (i.e., input signal and output signal). 

From the Figure 4.3, the obtained parameters such as source voltage and dc current 

are used to calculate the circuit's input power and the output power of the circuit [83]. 

Table 4.1 shows the power amplifier parameters that were realized when the input signal 

had 1 V peak-to-peak. Figure 4.4 has been obtained from the class-B power amplifier 

circuit when the gate of each DG MOSFET was fixed biased to 5 V; this was done to 

reduce the crossover distortion of the class-B power amplifier. 
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Table 4.1.   Power amplifier's parameters 

Realized Parameters  Value 

Vcc 5 V 

IDC 215.4 mA 

V0−pp 263.426 mV 

Vo−rms 186.27 mV 

Po = (Vo−rms)2/R 3.469 mW 

Pin = 2 × Vcc × IDC 2.145 mW 

R 10 Ω 

 

 

 

Fig. 4.4.   Output waveform when DG MOSFETs is fixed biased. 
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4.3   Efficiency Calculation of Class-B Power Amplifier 

Firstly, the calculations will be done by assuming that there will be no losses in the 

circuit, meaning if an input signal is applied to the circuit, the output signal will be the 

same as the input signal [84]. Generally, the efficiency is given by the ratio of output and 

input power as shown in the following equation [85]: 

100%out

in

P

P
 = 

     (4.2) 

For class-B amplifier the input power is given by: 

in CC CCP V I= 
     (4.3) 

Where the 𝑉𝐶𝐶 and 𝐼𝐶𝐶 are the dc input voltage and dc output current.  

CC Gate bias D AvgI I I− −= +
    (4.4) 

 

The Eq. (4.4) is the total current source which contains two currents i.e. gate 

biasing current and average drain current. Gate biasing current is calculated as follows 

using the circuit diagram Figure 4.1 and Figure 4.2: 

  

5
21

220 18
Gate bias

V
I A

k k
− = =

+      (4.5) 

 

This current is too small, and it can be neglected. The average drain current is the 

peak current divided by pi (∏) as shown in the following Eq. (4.6) and assuming that there 

are no losses in the circuit such as voltage drops and current losses [86]. If the input signal 

source has a voltage of 5 V peak to peak and it drives the load of 10 Ω: 

 

5

10
159.15

D peak

D avg

I
I mA

 

−

−

 
 
 = = =

   (4.6) 
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Hence, Icc are approximately equals to the average drain current ID-avg. Therefore, 

the total input power with the assumption that they are no losses in the circuit is calculated 

as follows: 

Out CC CCP V I=   

5 159.15V mA=   795.77mW=  

The output power is the power dissipated across the load and the load is 10 Ω for 

this design, it has been calculated as: 

( )
2

Out RMS

in

L

V
P

R

−
=              (4.7) 

The Eq. 4.7 is then calculated in terms of the peak voltage as: 

2

252
1250

2 10

Out RMS

in

L

V

P mW
R

− 
 
 = = =


 

Therefore, the efficiency of this class-B power amplifier without any losses in the 

circuit is calculated as follows: 

795.77
100% 63.66%

1250

mW

mW
 =  =

 

This is the maximum efficiency of a class-B amplifier which is less than the 

theoretical efficiency. It can be seen from the Table 4.1 that a class-B power amplifier can 

amplify the power of an input signal, even though it has a small gain of power 

amplification. 

 

4.4   Transient Analysis of Class-B Power Amplifier with DG MOSFET 

4.4.1 Using BJT 

The circuit diagram (using BJT) of a class-B power amplifier is shown in Fig. 4.5. 

It consists of the signal source, DC bias circuit, transistors, output matching circuit, and 

load [87, 88]. Based on the operation of class-B power amplifier, which is to operate only 

when the input signal is applied to it, hence the DC bias circuit is used to partially bias the 

transistors (i.e., BJT) such that when an AC input signal is applied to the power amplifier, 
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then it can operate and amplify the input signal. Voltage divider rule was used as a DC 

bias circuit with a DC supply source of 5 V, divider rule in the DC circuit was used to 

calculate the biasing voltage or base voltage. Knowing that the base voltage or biasing 

voltage of a BJT is 0.7 V and fixing each resistor 3 kΩ to 220 kΩ, then the biasing 

resistances were calculated as: 

4

4 3

B

in

V R

V R R
=

+
      (4.8) 

4

4

0.7

5 220

Rv

v R k
=

+ 
 

 

Therefore:    4 35.81R k=   

 

These resistor values are enough to bias the transistors to the saturation region. The 

graph in Figure 4.6 shows the transient analysis of a class-B power amplifier with BJT. 

The transient response of a power amplifier is most likely to be affected by the power 

amplifier's output impedance and the load connected to it. Like any load (i.e. resistance 

load) added to a circuit, a definitive objective is to control the progression of current and 

voltage inside the circuit. Load impedances are also essential in assessing the behavior of 

a circuit under different conditions. For instance, a circuit accomplishes most maximum 

power when the load impedance is equivalent to the circuit output impedance. In Fig. 2(b), 

the settling time starts roughly around 0.6 ms (i.e., this is where the system starts to remain 

at 90% of its final value) caused by the mismatch of circuit output impedance and the load 

connected to the circuit.  

The power amplifier with BJT is at settling time when the signal's voltage is at the 

range from the minimum voltage of -600 mV to the maximum voltage of 600 mV. A 

change in load impedance will affect the settling time and the charging and discharging of 

the RC time constant. The advantage of having a short settling time in a power amplifier 

is that the power amplifier takes a short time to amplify the input signal. Since settling 

time is the time needed for the response to arrive at the consistent state and stay inside the 

tolerance band around the final value; hence this power amplifier takes a short time to 

amplify the input signal. 
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Fig. 4.5.   Class-B power amplifier with BJT. 

 

 

 

Fig. 4.6.   Transient analysis with 1 MΩ resistive load. 
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4.4.2. Using Single-Gate MOSFET 

The circuit diagram of Figure 4.7 shows a class-B power amplifier with a Single-

Gate (SG) MOSFET. The class-B power amplifier must amplify an input signal, but this 

power amplifier only operates when an input signal is applied to it. Hence the biasing 

voltage for the SG MOSFET is essential so that SG MOSFET can turn on when an input 

signal is applied regardless of the amplitude of an input signal fed to the input stage of an 

amplifier [89, 90]. The voltage divider resistors are used to bias SG MOSFET. Gate 

voltage has been calculated using the voltage divider rule as: 

 

8

8 1

G

in

V R

V R R
=

+
      (4.9) 

20
12 2

20 100
G

k
V v v

k k


=  =
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This amount of voltage is sufficient to turn-ON a SG MOSFET because the threshold 

voltage of a MOSFET from the datasheet of any MOSFET is roughly 2 V to 3 V depending 

on the type of SG MOSFET.  

The concept of settling time in a power amplifier is not that complicated; nonetheless, 

there are a few situations where the initial settling time is quick, followed by an extended 

time of settling to the final value. Thus, for this power amplifier with SG MOSFET, its 

settling time is much less than that of the power amplifier using BJT, as seen in the 

previous section. A thermal tail is found in this class-B power amplifier produced when 

the change in voltage within the class-B power amplifier. This thermal tail also affects the 

settling time of the power amplifier, which increases the settling time of the power 

amplifier. The advantage of a power amplifier with a lower settling time (0.4 ms) is that a 

power amplifier responds faster to the input signal to amplify it to a certain amount of 

voltage gain.  

From Figure 4.8, the power amplifier with SG MOSFET is at settling time when the 

voltage range starts from the minimum voltage of 2.6 V to the maximum voltage of 4.1 V; 

this is when the power amplifier starts to enter at settling time which is 0.1 ms.  
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Fig. 4.7.   Class-B power amplifier with single-gate. 

 

 

Fig. 4.8.   Transient analysis with 1 MΩ resistive load. 
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This circuit of a class-B power amplifier with SG MOSFET has a smaller settling time 

compared to class-B BJT power amplifier, the main reason for that to happen is that the 

switching frequency of a SG MOSFET is higher than that of BJT. The advantage of this 

class-B power amplifier in terms of settling time is that high load impedances can be 

connected to it to match the circuit's output impedance and deliver the maximum power to 

the load. 

 

4.4.3. Using Double-Gate MOSFET 

The use of Double-Gate (DG) MOSFET has solved various problems other types 

of MOSFET face in terms of switching transients. The power dissipation of this type of 

amplifier is zero at the quiescent condition (i.e. when no load and input signal are 

connected to the amplifier). There is no power dissipation because the collector current is 

zero when there is no load or input signal. The circuit consists of resistors and capacitors 

[90 ]. The purpose of using the fixed resistors is because resistors can bias the gates of the 

DG MOSFETs whenever the input signal is applied to the power amplifier. These biasing 

resistors are needed to minimize crossover distortion. Although this sort of circuit tries to 

limit crossover distortion, it doesn't remove all of it. Each power amplifier stage has its 

voltage divider that feeds the gates of each DG MOSFET, and they can be calculated as 

follows:  

( )2 1 2

1

CC

G

V
R R R

V
=  +

      (24) 

( )2

5
220

0.4
k R=  +

 

2 19R k= 
 

In this circuit, the gates near the source are connected and fixed-biased to the source 

voltage of 5 V. 

Complementary switching devices (i.e., BJT, single, and double-gate MOSFETs) 

are required for the push-pull class-B power amplifier [91]. The push-pull design takes an 

accurate copy of the single device transfer function and makes an image of the current (Y-

axis) to form an output signal. When the amplifier is not operating (i.e., no input signal), 
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there are no voltage drops across each DG MOSFET; this is because the class-B power 

amplifier only operates when an input signal is applied to the circuit.  

The output current of the power amplifier depends on the drain current of the DG 

MOSFETs, meaning as an input signal is applied to the power amplifier, each gate of the 

DG MOSFET is fixed biased to a source voltage of 5 V as shown in Figure 4.9. This is 

done so that when an input signal is applied to the power amplifier, then there will be no 

losses in the circuit by means of a DC biasing circuit because when there is no biasing 

circuit in the power amplifier, an input signal is responsible for biasing the switching 

devices which affects the output signal because most of the input signal voltage will be 

lost in the biasing the switching devices. Thus, by fixing biasing each gate of the DG 

MOSFET, authors are trying not to lose signal amplitude in biasing the switching devices; 

hence this technique of using DG MOSFET is suitable. 

Figure 4.10 illustrates the transient response of a class-B power amplifier with DG 

MOSFET, where the load has been connected to the output side of a power amplifier. Load 

impedance influences the performance of circuits, specifically output voltages and output 

current, which also affect the settling time of the circuit. Although DG MOSFET reduces 

the power dissipation through the circuit and delivers the maximum power, the settling 

time of this type of circuit with DG MOSFET is much less compared to SG MOSFET and 

BJT circuits. The DG MOSFET gives such results when used in class-B power amplifiers 

because DG MOSFET prevents the electric field lines originating at the drain from 

terminating under the channel region. Figure 4.10 shows that when DG MOSFET are used, 

the settling time start early as the power amplifier is operating, meaning that once an input 

signal is fed to the circuit, the power amplifier amplifies an input signal and enters at the 

settling time at 0.2 ms or less than that time. It shows the response of the settling time at 

0.2 ms when the power amplifier is in the range of 0 V to the maximum voltage of 3 V. 

That is a good advantage because when this circuit is used, the output signal is expected 

to be around less than 0.2 ms. 

Table 4.2 shows a comparative analysis that is used to put all the essential 

characteristics and compare those values to the values that were theoretically mentioned 

in this chapter. These characteristics tell us that class-B power amplifiers with DG 

MOSFET switching devices perform in which way compared to other switching devices 

such as BJT, and SG MOSFET, in terms of trainset response when other characteristics 

are kept constant such as input signal frequency and voltage amplitude.  
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Fig. 4.9.   Class-B power amplifier with DG MOSFET. 

 

 

 

Fig. 4.10.   Transient analysis with 0.47 MΩ resistive load. 
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Table 4.3 compares the comparative response table, which tabulates the results of 

this research about class-B power amplifiers compared to the other research of different 

power amplifiers such as class-AB, class-C, etc. [92, 93].   

 

Table 1.2.   Comparative analysis of model 

Parameters 
Settling 

time (ms) 

Load 

Impedance 

(MΩ) 

Output 

Circuit 

Impedance 

Input Signal 

frequency 

(kHz) 

Gain 

(V/V) 
R 

BJT 0.6 1 High 1 2 35 kΩ 

SG MOSFET 0.4 1 Low 1 2  

DG MOSFET 0.2 1 Low 1 2 19 kΩ 

 

 

Table 4.3.   Comparative analysis of the proposed model 

Parameters 
Types of power 

amplifiers 

Settling 

time 
Operating Freq. 

Closed Loop 

Bandwidth 

[78] Class-AB X 1.609 MHz 4.8 Hz-1.719 MHz 

[94] Class-B 0.9m 3 MHz 22-32 KHz 

[95] Class-E X 4 MHz X 

[96] Class-A 0.54ms 1.23 MHz 3 Hz-100 kHz 

[97] Class-C X 15 MHz 14.15-14.54 MHz 

This Work Class-B 0.2 ms 14.2 MHz 2.3 Hz-300 kHz 
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4.5   Conclusion 

 All the simulation results were analyzed. They were compared to the results of 

other power amplifiers to check if the results of designed class-B power amplifiers with 

DG MOSFET are still in range with other power amplifiers or if there are changes. It was 

analyzed that using DG MOSFET, class-B power amplifier reduces the crossover 

distortions, and also it has a better transient response than other power amplifiers, and the 

reason for that is because of the use of DG MOSFET. 
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Chapter-5 

CIRCUIT LOSS ANALYSIS OF DESIGNED DG 

MOSFET BASED CLASS-B POWER 

AMPLIFIER  

 

5.1   Losses of the Class-B Power Amplifier With SG MOSFET 

The design of class-B power amplifier with SG MOSFET is vital in determining 

the losses in the power of the input signal at the output stage of the class-B power amplifier. 

Many factors may affect an input signal's power gain and amplification. One of the main 

factors that cause too many losses in power amplification is a type of design having so 

many stages in circuit design [98-101]. Figure 5.1 presents a class-B power amplifier with 

three steps, i.e., input, biasing, and output. 

 

 

Fig. 5.1.   Class-B power amplifier circuit with SG MOSFET 
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5.1.1  Dynamic Losses in SG MOSFET class-B power amplifier  

In the ideal power amplifier circuit or switching devices shown in Fig. 5.1, the 

current is zero when there is no input signal (i.e., SG MOSFET turned-OFF) and the power 

is zero; thus, there is no power at the output stage [102]. When the signal is applied to the 

power amplifier, the voltage across SG MOSFET is zero, and the power loss is also zero. 

An ideal power amplifier suggests zero losses, hence offering 100% of efficiency. But in 

reality, a power amplifier cannot provide 100% of efficiency due to the components used 

in designing it. The following equations determine power losses and power efficiency: 

 

     (5.1) 

 

    (5.2) 

 

This research work focuses on the losses of using single-gate MOSFET in class-B 

power amplifiers [103]. This section focuses on three types of losses of class-B power 

amplifiers, i.e., conduction losses, switching losses, and static (quiescent) losses.  

 

5.1.2   Conduction Losses  

Conduction losses happen when the switching device is in full conduction. The 

current in the circuit (i.e., class-B power amplifier) is whatever is needed by the circuit. 

The voltage at its terminals is simply the voltage drop because of the actual switching 

device [104]. These conduction losses are in direct relationship with the duty cycle. 

Conduction losses in SG MOSFET can be determined using a SG MOSFET approximation 

with the drain-to-source on-state resistance. The following equation shows a drain to 

source voltage which is then used to determine the conduction losses (biasing voltage): 

 

    (5.3) 

( )Loss in Out LPower V V I= − 

100%out L out
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V I V
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( ) ( )DS D DSon D DV i R i i= 
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where VDS(iD) is the drain-source voltage, as a function of drain current and RDS-ON(iD) is 

an ON-resistance determined from the datasheet of a MOSFET, with the use of MOSFET 

approximation graph shown in Figure 5.2. This ON-resistance is also a function of drain 

current.  

 

 

Fig. 5.2. SG MOSFET approximation graph. 

  

From the Figure 5.2, ON-resistance can be found by using the drain current of the 

MOSFET from the class-B power amplifier circuit. Switching devices in class-B power 

amplifiers plays an essential role in power amplification [7]. Hence the instantaneous 

power through the MOSFET when a power amplifier is conducting is determined as: 

 

   (5.4) 
( ) ( ) ( ) ( )2

C DS D D DSon DP t V i i t R i t=  = 
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Calculating the total losses in the circuit of class-B power amplifier, instantaneous 

power losses through each MOSFET must be integrated to get an average of power losses 

in the circuit as follows: 

 

  (5.5) 

 

where Tsw is the period of an input signal and switching frequency and ID,RMS is the drain 

RMS current at the output stage of a class-B power amplifier [105]. To determine the 

conduction losses of a class-B power amplifier, drain current have been measured from 

the class-B power amplifier circuit and it was found to be approximately 10 A from the 

DC biasing source at a low AC input signal having a frequency of 1 kHz with an amplitude 

voltage of 1 Vrms. Using this drain current to determine the ON-Resistance from the 

MOSFET approximation graph from Figure 5.2, it was analyzed to be 4 mΩ at atmospheric 

temperature. Using ON-Resistance conduction, power loss through each MOSFET can be 

calculated as follows: 

 

  (5.6) 

 

Therefore, total conduction power loss through each MOSFET when conducting is 

calculated as follows, assuming that the same power is the same as the second MOSFET: 

 

  (5.7) 

𝑃𝑇𝑜𝑡𝑎𝑙 = 0.8 𝑊 

 

Hence 0.8 W power is the total conduction power losses caused by each MOSFET 

in the circuit of the class-B power amplifier when it is conducting fully ON.  

 

( ) ( )2 2

0 0

1 1SW SWT T

Conduction C DSon D DSon Drms

SW SW

P P t dt R i dt R I
T T

= =  = 

1 2 0.4 0.4 0.8Total C CP P P W W W= + = + =

1 2 0.4 0.4 0.8Total C CP P P W W W= + = + =
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5.1.3   Static (quiescent) Losses  

The power loss of semiconductors without an input signal and the load is the result 

of its Q-point current and voltage [106]. This section looks at the power losses when there 

is no input signal and the load is connected at the power amplifier's output stage. This is 

done by looking at the circuit components which contribute to designing the class-B power 

amplifier, i.e., input stage, DC biasing stage of MOSFETs and output stage. Figure 5.5 

shows a class-B power amplifier with SG MOSFET without input. 

 

 

Fig. 5.3.   Class-B power amplifier at the quiescent stage. 
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From Figure 5.3, power losses can be calculated when no input signal and load are 

connected to the power amplifier [107]. This is done by measuring drain current through 

each SG MOSFET and gate-source voltage which drives each MOSFET to turn-ON and -

OFF.  

The gate-drive losses are likewise static losses since they are needed to turn the 

FETs ON and OFF. In Figure 5.3, the method of biasing the gate of MOSFET was to use 

the voltage divider rule so that each MOSFET can conduct when the input signal is applied 

to the power amplifier. Eq. (5.8) has been used to calculate power to the load when there 

is no input signal and no load connected to the power amplifier's output: 

 

     (5.8) 

 

where ID is the drain current of a MOSFET and VDS is a drain-source voltage. The drain 

current from this equation is calculated as: 

 

     (5.9) 

 

Gate-source voltage is measured from the circuit from Figure 5.4 using a multism 

software tool called multimeter. Figure 5.4 shows the measured gate voltage from the 

power amplifier circuit. Gate-source voltage is measured as 3.6 V, using the datasheet of 

a SG MOSFET to find the ON-resistance of a MOSFET. Figure 5.5 shows a MOSFET 

approximation graph for ON-resistance knowing gate-source voltage. 

It was analyzed that the gate-source voltage is 3.6 V from Figure 5.5; hence drain 

current can be calculated because knowing the gate-source voltage, ON-resistance can be 

read from the graph in Figure 5.5. The gate-source voltage was 3.6 V. Therefore, ON-

resistance is approximately 0.15 Ω at atmospheric temperature. 
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Fig. 5.4.   Class-B power amplifier gate voltage at the quiescent condition. 

 

 

Fig. 5.5.   SG MOSFET ON-resistance approximation graph. 
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5.1.4   Static (quiescent) Losses  

The power loss of semiconductors without an input signal and the load results from 

its Q-point current and voltage. This section looks at the power losses when there is no 

input signal and the load is connected at the power amplifier's output stage. This is done 

by looking at the circuit components which contribute to designing the class-B power 

amplifier, i.e., input stage, DC biasing stage of MOSFETs and output stage. Figure 5.6 

shows a class-B power amplifier with SG MOSFET without input. 

 

 

Fig. 5.6.   Class-B power amplifier at the quiescent stage. 
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From Figure 5.6, power losses have been calculated when there is no input signal 

and load connected to the power amplifier. This is done by measuring the drain current 

through each SG MOSFET and gate-source voltage which drives each MOSFET to turn-

ON and -OFF. The gate-drive losses are likewise static losses since they are needed to turn 

the FETs ON and OFF. In Figure 5.6, the method of biasing the gate of MOSFET was to 

use the voltage divider rule so that each MOSFET can conduct when the input signal is 

applied to the power amplifier. Eq. (5.10) is used to calculate power to the load when there 

is no input signal and no load connected to the output of the power amplifier: 

 

     (5.10) 

 

where ID is the drain current of a MOSFET and VDS is a drain-source voltage. The drain 

current from this equation is calculated as:  

 

     (5.11) 

 

The gate-source voltage is measured from the circuit in Figure 5.6 using a multism 

software tool called a multimeter. Figure 5.7 shows the measured gate voltage from the 

power amplifier circuit. 

Gate-source voltage is measured from the circuit, and it was analyzed to be 3.6 V, 

using the datasheet of a SG MOSFET to find the ON-Resistance of a MOSFET. Figure 

5.8 shows a MOSFET approximation graph for ON-Resistance knowing gate-source 

voltage. 
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Fig. 5.7.   Class-B power amplifier gate voltage at the quiescent condition. 

 

Fig. 5.8.   SG MOSFET ON-resistance approximation graph. 
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It was analyzed that the gate-source voltage is 3.6 V from Figure 5.8, hence drain 

current can be calculated because knowing the gate-source voltage, ON-resistance can be 

read from the graph in Figure 5.8. The gate-source voltage was analyzed to be 3.6 V, hence 

ON-resistance is approximately 0.15 Ω at atmospheric temperature. Therefore, the drain 

current is calculated as: 

𝐼𝐷 =
𝑉𝐺𝑆

𝑅𝐷𝑆𝑜𝑛
=

3.6

0.15
= 24𝐴 

Measuring drain voltage through each MOSFET from Figure 5.7 it was measured 

that for the second MOSFET, which is responsible for the negative path of the input signal 

is approximately 0.12 V when there is no input signal and the second MOSFET it was 

found to 0.29 V. In contrast, drain currents were kept constant at 24 A as calculated due to 

the same biasing method [108]. The drain current for each MOSFET is the same due to 

the same biasing method that was used to bias each MOSFET; hence the power loss is then 

calculated as the sum of power through each of the MOSFET as follows: 

     (5.12) 

where 𝑃𝐿𝑄𝑢1 + 𝑃𝐿𝑄𝑢2 are the quiescent power for both MOSFET of the class-B power 

amplifier. Therefore, the total power is then calculated as:  

 

Therefore, the total power loss when there is no input signal and no load connected 

to the class-B power amplifier is calculated and measured as 4.1 W. 

 

5.2.   Losses of Class-B Power Amplifier with DG MOSFET 

Double-Gate (DG) MOSFET plays a crucial role in improving the performance of 

class-B power amplifiers, not only in class-B power amplifiers but also in many aspects of 

electronic devices or electronic systems. This section focuses on determining the effect of 

using DG MOSFET in class-B power amplifiers in terms of power losses which may affect 

the strength of the output signal. Figure 5.9 shows the DG MOSFET class-B power 

amplifier circuit, which determines its losses.  

1 2Total LQu LQP P P= +

1 2 24 0.29 24 0.12 4.1Total LQu LQP P P A V A A W= + =  −  =
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This section is focused on two types of losses, i.e., conduction losses and static 

losses. This type of loss plays a vital role in power amplification, and they need to be 

minimized so that the efficiency of the power amplifier can be maximized. 

 

 

Fig. 5.9.   Class-B power amplifier with DG MOSFET. 

 

5.2.1   Conduction Losses of DG MOSFET Power Amplifier  

Conduction losses occur when the semiconductors are fully operating at a certain 

region or at a certain state, i.e., active region or ON-state of the semiconductor. This 

section is focused on the conduction losses caused mainly by the use of DG MOSFET. 

Many DG MOSFET factors lead to various performances of using DG MOSFET, i.e., 

temperature, internal capacitance, on-state resistance, gate-drive voltages, drain current, 

etc.  

     (5.13) 3 4Conduction Q QP P P= +
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Conduction losses are calculated by summing the total power loss through each of 

DG MOSFET as shown in Eq. (5.13), i.e., conduction power loss through DG MOSFET 

Q3 and power loss through DG MOSFET Q4: 

 

  (5.14) 

 

The conduction losses equation of DG MOSFET, when used in class-B power 

amplifier, is the same as the conduction losses for SG MOSFET. One of the main essential 

ways to get the actual conduction losses is to measure real values of the circuit directly 

when it is operating for amplification purposes like estimating drain current and also gate-

source voltage. Not all the components can be measured directly from the circuit when it 

is operating, but some are measured by reading the datasheet of the device. Figure 5.10 

shows the DG MOSFET approximation knowing gate-source-1 voltage. 

 

 

Fig. 5.10.   Gate-source DG MOSFET approximation. 
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The gate-1 source voltage is measured from the circuit in Figure 5.7, so the drain 

current is calculated using the graph in Figure 5.10, when an AC input signal is applied to 

the circuit with an amplitude of 1 V peak-to-peak and a frequency of 1 kHz. 

 

Fig. 5.11.   Class-B power amplifier with DG MOSFET gate-1 source voltage. 

 

This voltage of 378 mV was measured in the circuit of class-B power amplifier 

with DG MOSFET, it was also used to approximate the drain current of each DG MOSFET 

to calculate each conduction loss through each semiconductor. Using Figure 5.10 from the 

datasheet of DG MOSFET, the drain current was estimated to be 0.15 A when gate-2 

source voltage was fixed biased at 2 V. The ON-resistance approximation from Figure 

5.11 was also used to estimate the ON-state resistance of DG MOSFET, because drain 

current is known; hence on state resistance will also be known without calculating it and 

it was realized as 17 mΩ. Using these parameters, conduction power losses can be 

calculated as: 

 

   (5.15) 
2 20.017 0.15 0.38Conduction DSon DrmsP R I mW= =  =
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This power is for each DG MOSFET, to calculate the total conduction power loss 

through each DG MOSFET, each power must be added to the other power for the second 

MOSFET as: 

 

  (5.16) 

 

Therefore, when fully conducting, 0.76 mW is the total conduction power loss 

through DG MOSFET. The majority of the power is in the MOSFET gate driver. Gate-

drive losses depend on the input signal's frequency and are a component of the gate 

capacitance of the DG MOSFETs. When switching the MOSFET on and off, the higher 

gate drive losses as the switching frequency increases. This is another reason the efficiency 

goes down as the switching frequency increases.  

 

 

 

Fig. 5.12.   Gate-1 source DC transfer characteristic. 

3 4 0.38 0.38 0.76Conduction Q QP P P mW mW mW= + = + =
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Figure 5.12 shows the DC transfer characteristic of gate-1 source voltage was 

obtained when gate-2 source voltage was fixed biased at the voltage of 2 V. It can be 

shown from Figure 5.12 that as a gate-1 source voltage increases the current in the circuit 

also increases, this means that current in the circuit is linearly dependent to gate-1 source 

voltage. From Figure 5.12, both of these parameters i.e. start at zero, this is because of the 

operation of class-B power amplifier, meaning that there won't be any current and voltage 

when there is no input signal applied to the power amplifier. The conduction losses 

decrease as the input signal increases in value, such as amplitude and frequency. 

 

5.2.2   Static (quiescent) Losses of DG MOSFET Power Amplifier  

DG MOSFET in class-B power amplifier influences the output signal and those 

factors need to be taken into consideration when there is no input signal. These factors 

need to be reduced by how the power amplifier is designed. Each gate in DG MOSFET 

has its effect on power amplification, and these effects have to be minimized and reduced 

so that the output signal can have high strength in output power. This section considers 

losses when there is no input signal and the simulation of each gate to source effects.  

 

 

Fig. 5.13.   The quiescent voltage of class-B power amplifier with DG MOSFET. 
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Both the DG MOSFET is partially conducting when no input signal is applied to 

the power amplifier. Figure 5.13 shows the relationship between the gate-1 source voltage 

when the gate-2 source voltage is fixed biased to 5 V as a function of the gate-1 source 

voltage. From Figure 5.13, it can be shown that when the gate-1 source voltage is zero, the 

output voltage loss is also 0 V, as a gate-1 source voltage increases, the voltage loss 

through DG MOSFET also increases. 

 

 

Fig. 5.14.   DG MOSFET class-B power amplifier at the quiescent stage. 

 

These voltage loss starts to occur when the gate-1 source is approximately 0.5 V 

as seen in Figure 5.14, and they are directly proportional to the losses through the DG 

MOSFET. From figure 5.14 the minimum voltage at each gate of DG MOSFET was 

measured to be 378.145mV at the quiescent stage. Using the following equation, static 

power loss can be calculated as: 

 

 
378.145 0.1 0.037Quiescent DS DP V I mW A W=  =  =
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Hence the total static loss through each DG MOSFET is 0.037W due to the use of 

two semiconductors. These voltage losses are minimal say in a range of pV, which 

concludes that the loss of DG MOSFET is limited and is of good use in Power 

Amplification. It was found that each quiescent power loss through each DG MOSFET is 

0.037 and due to the structure of class-b power amplifier meaning that there is two DG 

MOSFET used, hence summing each quiescent power loss we get the total power of 0.074 

W 

5.2.3   Switching Losses of DG MOSFET Class-B Power Amplifier  

Switching losses happen when the semiconductor changes from the blocking state 

to the conducting state and the other way around [18]. This interval is described by a huge 

voltage across its terminals and a huge current through it. The energy dissipation in each 

progress (i.e., transition from ON-state to OFF-state) should be multiplied by the 

frequency to get the switching losses: 

 

    (5.18) 

 

Eq. (5.18) describes the amount of energy loss when a power amplifier is fully 

operating; the total energy is then multiplied by the input signal's frequency (i.e., time). 

The time it takes for the power amplifier to amplify the input signal is separated into two 

i.e. the time for the first DG MOSFET when it is conducting for the positive path of a 

sinusoidal input signal and the time for the second DG MOSFET to conduct for the 

negative path of the sinusoidal input signal. To get the total power for the switching loss 

=, the amount of energy dissipated into heat is multiplied by the frequency of the input 

signal or the frequency (time) for the input signal to be amplified at the output.  

 

     (5.19) 

where EMOSFET is the energy dissipation through each MOSFET and f is the input signal 

frequency. Multiplying this equation, we get the same usual power without considering 

the frequency of the input or assuming that the frequency does not change at all. 

SW MOSFETP E f= 

SW MOSFETP E f= 
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Fig. 5.15.   Class-B power amplifier with the input signal. 

  

Figure 5.14 shows a power amplifier with DG MOSFET when an AC signal is 

applied to it and measuring gate-1 source voltage. The obtained DC gate-1 source voltage, 

which is driving the DG MOSFET was 378.44 mV and the drain current at this stage is 

0.2 A and calculating the power using the frequency of an input signal, assuming that the 

time used to calculate energy is inverse of the input signal, and it does not change. 

 

 (5.20) 

 

This is the amount of switching loss through each DG MOSFET when the power 

amplifier is applied with an input signal that has a voltage amplitude of 1 V and a frequency 

of 1kHz. The switching power loss obtained through each DG MOSFET is 0.075 mW. 

378.449 0.2 1 0.075SW MOSFETP E f mV A kHz mW=  =   =
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Fig. 5.16.   Transient analysis of class-B power amplifier. 

 

Using the result of Figure 5.14 to calculate the switching power loss using the same 

parameters obtained i.e. gate-1 source voltage of 378.449 mV and drain current of 0.2 A 

but changing the frequency or time of the input signal and replace it with the time it takes 

for a power amplifier to amplify the input signal from the Figure 5.15, the switching losses 

have also been calculated and tabulated in Table 5.1. 

 

Table 5.1.   Comparative analysis of model 

Parameter 
Conduction 

loss 

ON-

Resistance 

Static 

(quiescent) 

Losses 

Switching 

losses 

Output 

Circuit 

Impedance 

Input 

Signal 

frequency 

(kHz) 

Gain 

(V/V) 
R 

Single-

Gate 

MOSFET 

0.80 W 0.004 mΩ 4.1 W X Low 1 2  

Double-

Gate 

MOSFET 

0.76 mW 0.017 mΩ 0.074 W 0.15 mW Low 1 2 
19 

kΩ 
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5.2.4   Losses of Class-B Power Amplifier Discussion 

Power losses were analyzed with the aid of each semiconductor datasheet, and it 

was realized using DG MOSFET is better in reducing conduction power losses. It was 

analyzed that the conduction power loss of class-B power amplifier with the use of DG 

MOSFET is less compared to that conduction loss of class-B power amplifier with SG 

MOSFET. The conduction loss of class-B power amplifier with DG MOSFET was 0.76 

mW and the conduction loss of class-B power amplifier with SG MOSFET was 0.80 W 

which is higher than the DG MOSFET power amplifier. This is because semiconductors 

such as SG MOSFET have less capacitance compared to DG MOSFET, hence in SG 

MOSFET, more power is absorbed from the input source to drive or deliver power to the 

load. 

 

5.3   Conclusion 

 Losses in the circuit of class-B power amplifier were conducted and it was found 

that to reduce circuit losses, high-value resistors must be used due to ohms law. If high 

resistors are used, a small current will be drawn from the input signal and power will be 

reduced. Reducing the switching transient from the ON to the OFF stage will minimize 

the switching power losses. 
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Chapter-6 

  HARDWARE DESIGN AND ANALYSIS 

 

6.1   Hardware Design 

The class-B power amplifier is designed with the use of electronic components 

such as resistors, capacitors, and various power sources. Hardware design is done by 

breaking a huge design into sub designs which are then integrated to form a hardware 

circuit of Class-B power amplifier with the use of double-gate MOSFET. The design 

procedure was first to get the same components as the components from the simulation 

design. However, the other essential devices that were needed to test the final design of 

the class-B power amplifier were a functional generator, oscilloscope, DC power supply, 

and soldering iron.  

Fig 6.1 shows the design devices needed to implement, analyze, and test Class-B 

power amplifier input signal, DC biasing voltages and output signals. Fig 6.1 from left to 

right (i.e., labels A to G) shows various devices that were used to implement class-B power 

amplifiers. From Fig 6.1 from left to right labeled devices: 

 

 

Fig. 6.1.   Hardware design set-up. 
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A) Oscilloscope - it was used to analyze input waveforms and output waveforms from 

the output side of class-b power amplifier 

B) functional generator – this device was used to generate various sinusoidal 

waveforms. Using this device, amplitude and frequency could be changed.  

C) Spectrum and Signal Analyzer – this type of device was used to check the 

frequency response and analyze the frequency in the frequency domain. 

D) DC Power Supply – dc power supply was used to fix the bias of the second gate 

of DG MOSFET with biasing voltage.  

E) Soldering iron – this device was used for soldering the required components to 

the Vero board that was used to build a power amplifier circuit. 

F) Digital Multimeter – A multimeter was used to measure different parameters such 

as voltage, current, and resistance. 

G) Electronic Trainer – this device was used to apply positive and negative dc 

voltage to the drain of DG MOSFET. 

After setting up the working station, the design of the circuit was done by breaking 

down the circuit task into subsections. These sections involve getting the required different 

components, soldering DG MOSFET into the Vero board, soldering resistance/voltage 

divider, soldering wires 

 Hardware design had challenges that needed to be taken into consideration, such 

as finding the right tools to test the implementation and building the hardware. The size of 

DG MOSFET is very small of which makes it hard to solder and to test it on its own 

accurately. DG MOSFET (BF909A215) is a self-mounted device, and it is not easy to 

solder it using the usual soldering machine/iron. The idea that was used to be able to break 

the Vero board in order to separate the tracks made it easier to be able to solder DG 

MOSFET due to its size, which is very small. The first design of class-B power amplifier 

with the use of DG MOSFET was done on a Vero board to test the biasing of DG 

MOSFETs and also to test the input and output waveforms. The main parameters tested 

are the input sinusoidal waveform and the output waveform using a function generator and 

oscilloscope. After designing and testing the hardware circuit of the class-b power 

amplifier with DG MOSFET, the simulation results and hardware results are compared 

and draw the conclusion. Many non-ideal effects might affect the performance of hardware 

design; however, they can be reduced by using different types of tools, such as designing 

a Printed Circuit Board (PCB). The size of DG MOSFET is very small, and it is easy to  
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Fig. 6.2.   DG MOSFET on a Vero Board. 

 

damage a device when soldering it in the Vero board. The Fig. 6.2 shows the structure of 

DG MOSFET and its size of it when it is placed on a Vero board. 

Vero board was cut into two boards by separating the tracks. From Fig. 6.2, the 

source and drain are so close to each other and gate-1 and gate-2 are also close to each 

other; hence tracks needed to be separated to avoid short circuits. Using a datasheet of 

BF909A215 type of a DG MOSFET, it is stated that the maximum operating temperature 

is 150℃ and the soldering iron that was used ranges from 200 oC to 400 oC. When 

soldering the BF909A215 type of DG MOSFET, it is required to be extra careful because 

once the soldering iron touches the body of a DG MOSFET, it can damage the device due 

to the maximum operating temperature. One method that was used to test of there are no 

short circuits from the separated Vero board, like the one on Fig 6.2 was to use a 

multimeter and manually test each track of the Vero board if there is no short circuit and 

if one is found, the board was retested and separated again.  

There are several stages that were taken when designing the hardware circuit of the 

class-B power amplifier with the use of DG MOSFET, each stage was designed and tested 

before going to the next stage. If each stage failed, then that stage was redesigned and 

retested again. The following diagram shows the flow of how each stage of designing a 

fully integrated class-b power amplifier was done and tested. 
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Table 6.2: Description of the hardware design process 

 

Stage Description  Testing Results/Issues/Solutions 

1. 

Equipment 

Equipment or tools that 

were required to 

implement and test the 

hardware design circuit 

Testing this stage was 

done by checking that 

all the equipment (i.e., 

Functional generator, 

power supply, etc.) is 

able to supply the 

required DC voltage 

and sinusoidal 

waveforms 

This stage was working 

fine without any issues, 

and it was supplying 

enough DC voltage 

because of an adjustable 

power supply and 

adjustable functional 

generator  

2.  

DG 

MOSFET  

At this stage, DG 

MOSFET was mounted 

on the Vero Board and 

tested if there was 

nothing that causes 

short circuits between 

the tracks of Vero 

board. 

Using a Digital 

Multimeter, each track 

was tested if a DG 

MOSFET connected 

with each track of a 

Vero board. 

No issues were detected 

when testing this stage.  

3. 

Soldering 

both DG 

MOSFETs 

Both switching devices 

i.e., DG MOSFETs, 

was tested on a Vero 

board to check if they 

were not damaged by 

high soldering iron 

temperature 

They were tested to 

check if they operate at 

saturation region. This 

was done by connecting 

two gates, i.e., gate 1 

and gate 2 and 

supplying DC voltage 

of 4 v  

Each DG MOSFET was 

working even though the 

soldering wire was filled 

at each pin of a DG 

MOSFET which almost 

damaged the device 

4.  

Voltage 

Divider 

circuits 

The voltage divider or 

biasing circuit of each 

DG MOSFET was 

designed with 

resistance and wires to 

Supplying a DC voltage 

of 5 to the voltage 

divider circuit and 

using a digital 

multimeter to check if 

3.08 v was found at the 

output side of the voltage 

divider circuit, this was 

enough to bias the DG 

MOSFET. 
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drop down DC voltage 

from 5 volts to 3.0 volts 

for each gate 1 of DG 

MOSFETs 

3.0 volts is found at the 

output side of the 

voltage divider circuits. 

5.  

Back view 

of voltage 

divider 

circuits 

The back view of the 

voltage diver rule was 

checked to see if there 

was no wire that causes 

the short circuits. 

Using a Digital 

multimeter to check 

that there is no short 

circuit observed.  

After testing this stage, it 

was found that it was 

working fine without any 

short circuit 

6  

Input and 

Output 

stages 

Input and output stages 

of the circuit were 

implemented by 

soldering wires that will 

make it easier for the 

probs of the function 

generator to supply 

waveforms and also for 

the oscilloscope  

Supplying the input 

waveforms and 

checking if the output 

waveforms are found at 

the output stage 

This was working and it 

first showed errors of 

output noise and effect on 

the output waveforms 

7  

Back view 

of Input 

and 

Output 

stages 

Both the input and 

output stages needed to 

be checked from the 

backend side of the 

Vero board and check 

the short circuits 

Using a Digital 

Multimeter, each track 

of the Vero board and 

the wires connected to 

the board were tested  

No errors or short circuit 

was found  

8  

Final 

integrated 

Class-B 

power 

amplifier  

After implementing and 

testing each stage from 

stage 1 to stage 7, 

integration was done to 

form the complete 

class-B power amplifier 

with DG MOSFET. 

The oscilloscope, 

function generator and 

DC power supply were 

then used to test the 

input and output of 

class-B power amplifier 

waveforms. 

The results show that the 

DC biasing is achieved 

and the waveforms were 

found at the output. 
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Hardware design consists of 8 stages, as shown in the Fig. 6.3, each stage was 

tested to check if it is working before moving to the next stage. That reduces the work of 

troubleshooting the whole integrated circuit in case it is not working. 

The final circuit of class-b power amplifier was done using a Vero board and all 

the components used to implement that hardware were found in stores and the school 

laboratory. The results of the hardware design will be compared with the simulation results 

and see if there is anything that might cause the change in hardware design.  

The red arrow is pointing to the first DG MOSFET and the blue arrow is pointing 

to the second DG MOSFET, it can be seen that both devices were mounted on the Vero 

board and the size of these devices is very small, which made the design so hard and 

complicated if one is not extra careful when soldering the devices on the Vero board.  

 

 

 

Fig 6.3.   DG MOSFET based class-B power amplifier hardware circuit. 
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Fig 6.4.   Back view of Class-B DG MOSEFs power amplifier. 

 

6.2   Hardware Results 

 The results of hardware design were found using an oscilloscope and digital 

multimeter to see the difference between simulation results and hardware results. Using 

oscilloscope and functional generator, the first thing that was done was to check if the 

input waveform was a sinusoidal waveform with a certain frequency,  

 

 

Fig 6.5(a) Input Frequency. 
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Fig 6.5(b) Waveform of an input Signal. 

 

 The input signal that was applied to the input side of class-B power amplifier was 

a sinusoidal waveform at a frequency of 1 kHz, as shown in Fig. 6.5(a) which shows the 

frequency of 997.69 Hz, which is approximately 1 kHz and Fig. 6.5(b) shows the 

waveform using an oscilloscope at channel-1. The output pin of the functional generator 

was directly connected to the input of channel-1 of an oscilloscope using channel-1 probes.  

Fig. 6.6 shows three essential devices, i.e., oscilloscope with the output signal, 

function generator that supplies the input signal with a frequency of 1.0249 kHz, electronic 

trainer that was used to supply negative 5v and lastly class-b power amplifier with the use 

of DG MOSFET, Input signal was applied to the circuit as shown in Fig. 7.5 where an 

oscilloscope was used to check the output found from the output side of class-B power 

amplifier. The testing method used three devices, such as DC power supply, function 

generator, and oscilloscope, to test the output signal. The output waveform from Fig. 6.5 

has a noise that is caused by non-ideal effects that cause it to have signal noise. There are 

many parameters that might add to the effect of getting output waveforms with noise, those 

parameters can be probs that were used to supply the input waveform and output 

waveforms, Vero board, and soldering wire in the pins of DG MOSFETs, and DC power 

supply.  
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Fig 6.6.   Testing set up for class-B DG MOSFET power amplifier hardware circuit. 

 

  

 

 

Fig 6.7.   Output waveform from class-b DG MOSFET power amplifier. 
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The output waveform from the hardware circuit has various amplitudes, meaning 

that, as seen from the Fig. 6.7, the amplitude varies. This amplitude variation was caused 

by biasing the DG MOSFET with a voltage of 1 V and connecting both gates of each DG 

MOSFET while supplying an input sinusoidal waveform. From the simulations, it was 

found that when both gates of each DG MOSFET, the output waveforms have crossover 

distortions and the root cause of that was that the switching time of each DG MOSFET is 

less when both gates are connected. This changes the amplitude of the output waveforms, 

as shown in the Fig. 6.7 and other effect causes the noise since the output waveform has 

signal noise. 

 

 

Fig 6.8.   Class-B DG MOSFET power amplifier simulation circuit. 

 

 The circuit diagram (Fig. 6.8) is the simulation circuit that causes the crossover 

distortion when the input sinusoidal waveform is supplied to the input stage of the class-b 

power amplifier.  

One solution to reduce the simulation's crossover distortion was to fix bias of each 

gate of DG MOSFET with a fixed voltage of 5 V and supply the second gate to the input 

signal and check the output side of the circuits. This method was also applied to the 

hardware design circuit and tested the output signal if the crossover distortions were 

observed from the circuit's output stage. 
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Fig 6.9.   Output waveform of Class-B DG MOSFET power amplifier hardware circuit. 

 

 

Fig 6.10.   Output waveform by changing the voltage division. 
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Fig. 6.9 shows the output waveform of class-B power amplifier hardware circuit 

when gate-2 was fixed biased to 5 V and gate-1 was supplied with an input signal. This 

output waveform was observed by setting the oscilloscope to 100mV p/p so that the output 

waveforms can be clearly observed. It can be seen that there are no crossover distortions, 

and the amplitude of the output waveform is the same throughout the waveform. The 

output waveform has signal noise, which is caused by a non-ideal effect, as discussed in 

section 6.1 of the hardware design of class-B power amplifier.  

Changing the setting of an oscilloscope to check the output waveform has no 

crossover distortions. The output waveform from Fig. 6.10 shows that there are no 

crossover distortions, but the waveform is not clean as compared to the simulated 

waveform, and there are many parameters that cause that, such as environmental 

temperature and devices that were used to test and build the circuits.  

 

6.3   Conclusion 

 Class-B Power amplifier with the use of DG MOSFET hardware circuit design was 

implemented and tested, the results of simulations shows that the power amplifier with the 

use of DG MOSFET reduces the crossover distortion when gate-2 of DG MOSFET is fixed 

biased to 5 V. When the hardware circuit was designed, it showed different issue when 

both gate-1 and gate-2 of each DG MOSFET was connected, and the issue was that the 

output waveform shows different amplitude and signal noise which is a different 

parameter, and it was never found on the simulations. However, the simulation shows that 

if both gate-1 and gate-2 of each DG MOSFET were connected, the output waveform 

shows crossover distortions while the hardware circuit shows a different issue which is 

variation of amplitude. Crossover distortions were not observed in the hardware output 

wave except the signal noise, and signal noise was not observed in the simulations.  
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Chapter-7 

CONCLUSIONS AND  

FUTURE RECOMMENDATIONS 

 

7.1   Conclusions 

All these designed circuits have different transient analyses depending on the 

output load connected to it. The output load connected to the power amplifier affects the 

transient response of the power amplifier. For better analysis, all three circuits (i.e., class-

B power amplifier with DG MOSFET) had the same amount of load impedance connected 

to the power amplifier. In this work, only three-step responses have been indicated, i.e. 

percentage overshoot, rise time, and settling time are shown in the output transient graphs. 

The settling time is the time required by an underdamped system for its output voltage 

response to approach steady-state and stay within some specified percentage (for example, 

5%) of the final steady-state value.  

The problems faced by class-B power amplifiers, i.e., the presence of crossover 

distortion caused by the mismatch of the transistor, are solved a lot from the design of 

class-B power amplifier using DG MOSFET because of the performance of DG MOSFET 

which is its switching of its state from OFF to ON state. The efficiency of the class-B 

power amplifier is much greater than that of the class-A amplifier, which is calculated in 

this thesis. It was analyzed and found that the efficiency of the class-B amplifier is 63.66%.   

Efficiency is the main concept that makes the power amplifier be able to drive the 

load when a load is applied to the power amplifier. When hardware implementation was 

done, signal noise parameter was observed from the hardware circuit.  

 

7.2   Future Recommendations  

  The future work of this research is to physically implement the model of class-B 

power amplifier by using an advanced DG MOSFET using various materials such as high 

dielectric materials (HfO2 etc.) that can operate with very small frequency signal input. 

When the physical implementation is done for this, then all the parametric performance 

can be compared with the theoretical values, including once are discussed in this thesis. 
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Also, hardware implementation will improve the accuracy of the output signal compared 

to the input signal and reduce the error.  

  All the work that was done theoretically and proved mathematically will act as a 

guild to improve the work of errors that might be found during the implementation of 

hardware implementations. The input stage of class-B power amplifier must be 

implemented such that all the input signal properties are not neglected because all those 

properties are essential in the amount of power delivered to the load and output stage.  

  In addition, in future, this DG MOSFET can be replaced with various other 

transistors, such as CSDG MOSEFT, FinFET, Multi-Gate MOSEFT, etc. 
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