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ABSTRACT: This article looks into how the flying capacitor multilevel (FCML) design can be used in 

high-step-up conversion. The FCML design is different from the usual two-level boost converter because it 

has high energy density capacitors that help the inductors store and move energy during the conversion 

process.This includes extra features like a higher effective switching frequency at the switching node, less 

stress on the inductor, and less stress on the switch. This makes the converter much smaller in terms of its 

overall volume of passive parts, but it still works very well at high voltage gains. To show the benefits of 

high power density and efficiency, a hardware sample has been made. It is possible for this sample to change 

100 V to 1 kV and produce up to 820 W of power. To meet these needs, the converter needs to be carefully 

improved in many ways so that it has a high power density and works well. Along with comparisons with 

other advanced solutions, this document gives a thorough explanation of the solutions that were put in place 

and the planning process that went into them. The hardware sample worked well and had a power density of 

329 W/in3 (20 W/cm3) and a peak efficiency of 94.1%. 
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1. INTRODUCTION 

An electrical power source is defined as anything 

that is capable of receiving electrical current and 

transmitting it to other electrical devices. In most 

cases, the purpose of a power supply is to 

transform the voltage, current, and frequency of a 

source into power that can be utilized by a load. 

There is a distinct title for these generators that 

reflects their function, and that phrase is "electric 

power converters." There are power sources that 

are designed to be compatible with particular 

tools, while others are integrated into the items 

that they are intended to power without any 

additional components. One form of power source 

is utilized by devices such as desktop personal 

computers.    

Since the expenses of manufacture, transmission, 

and distribution are very low for alternating 

current (AC), it is the source of electrical power 

that is utilized the most consistently. In spite of 

this, no electrical device or circuit can function 

properly without dc, which stands for direct 

current. This software is suitable for use with both 

wet and dry cell power sources with equal ease. 

Although it is true that these power sources are 

portable and resistant to fluctuations in voltage, at 

the same time, they come with a higher price tag, 

lower voltages, and an increased frequency of 

replacement. One of the most popular circuits 

used in contemporary electronics is one that 

converts alternating current (AC) to direct current 

(DC). A converter is a device that may change the 

flow of electricity from alternating current (AC) to 

direct current (DC). This type of equipment is also 

known as a transformer. This is a frequent 

position for electrical current transformers, which 
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are typically found above the power supply. The 

diode rectifier circuit is followed by a voltage 

regulator circuit and an adjustable filter circuit. A 

voltage regulator circuit is also present.   

The DC power source is depicted in a schematic 

form in Figure 1.When it comes to the generation 

of electricity, the oscillator, filter, rectifier, and 

transformation are the basic means of electricity 

generation. Through the output of the direct 

current (DC) power source, the load receives a 

sustained flow of energy in the form of direct 

current (DC). To begin, we will provide a concise 

explanation of the DC power supply and the 

components that make it up. 

 
Figure1.Blockdiagram of DC powersupply 

By making adjustments to the voltage of the 

electrical supply, it is possible to give power to a 

wide range of solid-state electronic circuits and 

devices. A voltage of this 

One of the most common outcomes that can be 

attributed to this is a decrease. It is possible to 

separate the device from its power supply, which 

is one of the most significant safety measures that 

it possesses.Through the utilization of an internal 

shielding configuration, it is yet another 

possibility that the power source could be 

protected from disturbances that originate from 

the external environment. Consequently, the load 

does not alter as a result of this particular 

circumstance. 

The rectifier is a device that has the capability of 

converting the energy of alternating current into 

direct current pulses. It is capable of producing 

either positive or negative direct current pulses. P-

N junction diodes make it possible to do 

rectification, which is the process of changing 

alternating current (AC) into direct current (DC). 

Rectification is necessary in order to accomplish 

this procedure.  

It is essential to possess a single, double, or 

quadruple diode in order for the converter to 

operate in an appropriate manner. Regulators can 

be broken down into two categories: half-wave 

and full-wave. Both of these forms of rectifiers are 

utilized frequently. In the realm of full-wave 

rectifiers, there are two distinct types: bridge 

center rectifiers and tap rectifiers. Through careful 

observation of the voltage spikes that occur within 

the rectifier circuit, it is possible to ascertain 

whether or not the DC components and the 

undesirable AC components are on the circuit. 

This includes not just the fundamental frequency, 

which is represented by the letter f, but also all of 

the harmonics of that frequency. A direct current 

(DC) voltage that is produced by a rectifier 

operates less successfully than a pure continuous 

DC voltage when it comes to the vast majority of 

electrical tools. This is because that rectifier 

generates the DC voltage. Due of this, it is 

essential to have a circuit that filters alternating 

current (AC) in order to separate the rectifier from 

the AC components. This is because of the 

previously mentioned reason. 

This is because the filtering function of a rectifier 

makes it possible for direct current (DC) to be 

provided to the load rather than alternating current 

(AC), which is the more frequent kind of 

power.When it comes to the building of filters, 

these reactive circuit components, which comprise 

resistors, capacitors, and inductors, are utilized 

rather frequently. The DC voltage that is produced 

is determined in part by the load current, in 

addition to the AC voltage that is input. Both of 

these factors are important in determining the 

current. In order to maintain the DC voltage at the 

output of the rectifier filter combination at a 

frequency that is almost constant, it is essential to 

have a voltage regulator present at the outp 

ut of the combination. The construction of a 

voltage regulator can be accomplished with as few 

as one transistor, an integrated circuit, or even 

simply a Zener diode, without the need for any 

other components. The most important aspect that 

needs to be accomplished is ensuring that the DC 

output power remains constant. There is still some 

loss of electric current ripple energy, despite the 

fact that the filter does a decent job of removing 
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the majority of the alternating current ripple 

energy through its operation. Current limitations, 

protection against overvoltage, and protection 

against short circuits are some of the safeguards 

that can be incorporated into the regulator 

according to its capabilities. 

A high-voltage power generator is a type of 

generator that may create hundreds or thousands 

of volts, and it is classified as a type of generator 

that falls under the category of electrical power 

sources. It has been designed in such a way that 

the output connector is made in order to avoid the 

wire from arcing, losing its insulation, or 

accidentally touching anything. This is done for 

the goal of preventing any of these things from 

happening. It is essential to make use of 

connectors that are in line with the Federal 

Standard whenever one is working with voltages 

that are higher than twenty kilovolts. There are a 

variety of additional connectors that are accessible 

and are able to function at lower voltages.  

The SHV connection is just one of these 

connectors. Having the ability to exert exact 

control over the voltage that is output is made 

feasible by high-voltage power sources that 

incorporate both digital and analog transmission 

interfaces. X-ray generators, focused ion beam 

columns, and electron microscopes are all 

examples of machines that make use of high-

voltage power sources in order to modify and 

accelerate ion and electron beams. Some examples 

of these machines include electron microscopes. 

The processes of electrophoresis and 

electrostatics, which are two other applications, 

are also beneficial to the utilization of these 

substances. 

A power inverter is dependent on a source of high 

voltage in order to obtain the bulk of the energy 

that it needs to function properly. The generation 

of a high voltage is accomplished by this circuit 

through the utilization of either a voltage 

multiplier or a generator that possesses a 

significant number of spins. A voltage divider is a 

device that accepts high voltage from a different 

power source and reduces it to a lower value at a 

particular connector. Through the process of 

dividing the voltage, this is achieved. In order to 

make the signal suitable for use with low-voltage 

electrical equipment, the voltage of the signal is 

reduced through the implementation of this 

instruction. For the purpose of managing the flow 

of power into the inverter, a closed-loop controller 

is the appropriate device to use. The voltage is 

maintained at a high level in accordance with the 

metering signal in order to achieve this goal. For 

the purpose of monitoring the high-voltage output 

of the power source, the signal that is transmitted 

to the external electronics makes it possible to do 

so. 

There are many different types of DC power 

systems that are able to acquire the high voltage 

DC output that they require by making use of a 

high-step-up DC to DC converter. Some examples 

of what is meant by this include applications of 

Pulse Electric Field (PEF) technology, medical X-

ray machines, vast wind farms, solar power 

systems that connect to the grid, ion thrusters for 

spacecraft, and other technologies that are very 

comparable to these. Because of its dependability 

and their ability to convert direct current (DC) 

input voltages from hundreds of volts to kilovolts, 

step-up converters are widely utilized in 

applications such as this one. Depending on the 

specifics of the situation, their power output can 

range anywhere from a few hundred to several 

thousand watts. 

Three goals that are difficult to achieve with 

booster converters in their conventional form are 

high voltage gain, high power density, and high 

efficiency. These are all aims that are difficult to 

achieve.The systems have a number of problems, 

some of which include the following: the 

requirement for low frequency switching, which 

results in high voltage switches requiring a large 

magnetic volume; the high voltage stress that is 

placed on diodes and switches; and the significant 

power losses that occur during conduction and 

switching.The capability of switched-capacitor 

converters, which are sometimes referred to as SC 

converters on occasion, is to achieve extremely 

high step-up ratios.  

The ordinary switched-inductor buck or boost 

converters are not nearly as powerful as this DC-

DC converter, which is significantly much more 

powerful. This is because it uses capacitors that 

have a high energy density in order to carry 
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power. This is the reason why it is so effective. 

Keeping loss-free output load control is one of the 

challenges that can occur with SC converters. SC 

converters can also be problematic in other ways. 

The loss of electricity that can place during 

shifting is another issue that is a problem. 

To get the most out of your FCML converter for 

this specific endeavor, it is strongly suggested that 

you switch to the high voltage step-up mode. This 

will allow you to get the most accurate results 

possible.At this point, the development of a 

completely functional hardware prototype that is 

capable of switching between 100V and 1000V is 

beginning to seem within reach. When running at 

its most efficient level, it is able to generate 820 

W of electricity at a rate of 94.1%. This is the 

maximum power produced by the device. It has 

been demonstrated that the conversion that has 

been provided is superior than alternatives in 

terms of performance, both in terms of efficiency 

and power density. This is because of the 

utilization of inductors that are extremely small, 

capacitors that have a high energy density, and 

switches that operate at a low voltage. The 

structure of the FCML language is responsible for 

making all of this and more possible. 

 

2.LITERATURE SURVEY 

In  Serban et al., I've set up a solar power system 

for you. A single-stage conversion photovoltaic 

(PV) inverter is a popular component of solar 

systems due to its low cost, high efficiency, and 

ease of installation. The dc-bus voltage typically 

remains below 1,000 volts in contemporary solar 

power systems. Major fluctuations in voltage are 

mostly caused by changes in PV cell temperature 

and voltage at peak power point. The primary 

focus of this research is on methods for expanding 

the DC bus's voltage range using 1500 V solar 

inverters. This is achieved through the utilization 

of an intriguing modulation approach and power 

gadgets. A comparison test is conducted with 

current 1000 V solar inverters to demonstrate the 

main benefit of the large DC-bus range in 1500 V 

systems. 

For uses requiring high voltages and currents, 

Costa and colleagues developed a non-isolated 

multilayer step-up dc-dc converter. The displayed 

converter has minimal switching losses, a reduced 

input inductance, and a decreased voltage across 

the semiconductors.This research primarily aims 

to support the five-tiered converter architecture. 

The theoretical research takes place and is 

discussed inside a particular situation, which is 

referred to as the context. Four capacitors, with 

five levels each, are required for the DC-DC 

converter. In order for the converter to function 

optimally, the voltages across these capacitors 

need to be adjusted. 

In G. Lefevre et al., Alternately, a stacked flying 

capacitor boost converter could be 

utilized.Uneven voltage is located by studying the 

device's operation. As a result, it is feasible to 

employ MOSFETs of various voltage classes in an 

effort to minimize loss. After that, a snubber 

design is created that achieves zero-voltage and 

zero-current switching while being cost-effective. 

This design allows for a significant reduction in 

the inductor's size.This research evaluates the 

efficacy of synchronous rectification and diode 

boost using the proposed snubber. Crucial are 

nonlinear parasitic MOSFETs. 

Barth C et al. Their proposed model is titled 

"Experimental evaluation of capacitors for power 

buffering in single-phase power 

converters."Actuators with variable or variable 

speeds produce pulse-width modulated waves 

with rise times below 100 nanoseconds. The rapid 

variations can cause inductive devices, such as 

random wound motors, to encounter high voltages 

between revolutions. The result can be a partial 

release or an early failure. Connecting the motor 

and the moving electronics with high-frequency 

electricity is a smart move. In order to improve 

the performance of this type of cable, this study 

examines the design issues that must be 

addressed. 

Y.LeiandR. Pilawa-Podgurski There is a robust 

relationship between the resonant and soft-

charging features of SC converters. Also, existing 

switched-capacitor (SC) systems can have either 

behavior achieved by including a single inductor. 

Furthermore, this study lays the groundwork for 

evaluating the proposed strategy's compatibility 

with an existing conventional SC converter 

topology. The majority of resonant or soft-
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charging SC converters available today were 

constructed with minimal planning, which is the 

reason behind this. Several popular SC topologies 

are examined in this essay, including the 

Fibonacci, Dickson, ladder, series-parallel, and 

doubler designs. The proposed method was 

validated by experiments and compared with 

modeling findings, leading to the development of 

a series of high-performance SC converters. 

Y.Lei et al. For this project, we constructed a 2-

kilowatt power converter that converts 450 VDC 

to 240 VAC at 60 HP. Our evaluation was based 

on the standards established by the Google/IEEE 

Little Box Challenge. A seven-level floating 

capacitor multilevel converter and a low-voltage 

Gallium Nitride (GaN) switch operate at 120 kHz 

in the inverter. At a frequency that is twice the 

line frequency, the inverter's active buffer is able 

to effectively segregate power pulses. In 

comparison to standard passive decoupling 

capacitors, this buffer reduces the required 

capacitance by a factor of eight, while maintaining 

a reliability of over 99%.In a paper titled "A 

Single-Phase Cascaded Multilevel Inverter Based 

on a New Basic Unit with a Reduced Number of 

Power Switches," E. Babaei and coworkers 

documented a proposal. An entirely new kind of 

cascaded layered inverter requiring just a single 

phase is proposed in the paper.Due to its series 

connection with the fundamental device, this 

inverter can only produce a positive output. 

Therefore, an H-bridge is a feature of this specific 

converter. The correct term for this type of 

inverter would be a cascaded multilayer inverter, 

given its construction. Analyzing the magnitude of 

direct current (dc) voltage sources requires four 

different approaches. As a result, the output is 

capable of handling both typical and non-standard 

voltage levels. To generate any amount of power, 

this is an essential step. 

 

3.PROPOSED METHOD 

The primary method of controlling multilayer 

inverters is pulse width modulation (PWM). One 

energy source, two capacitors, and a nine-level 

inverter are supposedly going to make up the 

power system. However, compared to existing 

systems, the proposed converter is simpler and 

offers higher voltage levels with fewer 

components. Reducing the total harmonic 

distortion (THD) of the output voltage and the 

voltage stress on the backstage power valves are 

two side effects of this. Because each capacitor 

has an inherent voltage-balancing capability, 

modulation is a breeze with these two. Performing 

this task is of utmost importance. Pulse width 

modulation (PWM) control methods have the 

superior ability to reduce the output voltage's total 

harmonic distortion (THD). The inverter's 

switching frequency is in harmony with the 

carrying signal's frequency. The majority of 

multilayer applications typically employ methods 

of multiple carrier pulse width modulation. 

 
Figure2.Functioning model of the nine-level 

inverter 

 Functioning of the proposed model 

In Figure 2 we can see the proposed system's 

operating model.The intended separation of the 

nine-level inverter depicted here is into two 

halves. The front end of a system is the ideal place 

to use a switched capacitor circuit (DSCC). The 

ability to create higher voltage levels with fewer 

pieces distinguishes this circuit from normal SC 

cells.  

A voltage is changed at the front end's output by 

means of an H-bridge circuit, also known as an 

HBC, in the rear end. The inverter should be able 

to produce nine distinct voltage readings. A single 

dc power source, two capacitors, two diodes, and 

nine electric switches will do the trick. 

 Advantages and applications of the proposed 

system 
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➢ With just one voltage source and fewer 

components, the suggested high-frequency 

inverter is capable of producing nine distinct 

output levels. 

➢ The frequency distribution has shrunk.  

➢ Fortunately, the amount of energy lost during 

the switch procedure was significantly 

reduced.  

A lot of electricity is required by applications. 

 

4. SIMULATION RESULTS 

The proposed nine-level inverter is verified to 

function as expected through Matlab simulations. 

More information about this approach is 

forthcoming in the following lines. By default, the 

output frequency is set to one kilohertz. When the 

system is utilized to power various loads, Figures 

3 and 4 display the expected waveforms of the 

corresponding currents and voltages.Figure 5 

displays the voltage output curve. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 3 (a), (b), (c), (d), (e), and (f) simulation 

waveforms of different voltage levels 
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(a) 

 
(b) 

 
(c) 

Figure 4 (a), (b) and (c) shows the wave forms of 

load current for different voltage levels 

 

Figure 5 Wave form of the output voltage 

 

5.CONCLUSION 

If this question is correct, then high-frequency 

power distribution networks could make use of 

stacked inverters. With only one voltage source, 

fewer power components, and significantly less 

voltage stress, the proposed architecture can 

generate a nine-level staircase output, in 

comparison to the present system. This contradicts 

all of the existing arrangements. Its utility has 

expanded as a result of each of these.Since the 

proposed capacitor multilayer inverter design is 

capable of self-balancing its voltage, it eliminates 

the need for a complex modulation approach and 

makes voltage imbalance prevention a breeze. 

This technique is called pulse width modulation. 
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