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Abstract – The size of the iron core transformer in an inverter is large and heavy because 

it has more conductor turns and works at low frequencies. In contrast, ferrite core 

transformers are designed to work at high frequencies, so the number of turns of the 

conductor is less, and the transformer size is relatively small and light. Device portability is 

a significant challenge in designing high-power inverters. This research uses a ferrite core 

transformer to design a portable pure sine wave inverter. A two-stage technique is proposed 

in designing the inverter so that the dc-link voltage and capacitor size can be flexibly 

selected, and the device size can be compacted. The design consists of two stages. First, a 

circuit to generate a 400-Volt DC voltage is designed using IC SG3525, a MOSFET power 

amplifier, and a ferrite core step-up transformer. Second, a pure sine wave generator circuit 

is constructed using an EGS002 module, MOSFETs, and a filter circuit. Experiments are 

performed by measuring the output voltage, monitoring power and frequency, and observing 

the waveform with an oscilloscope. The results reveal that the designed inverter can generate 

a 220-volt pure sine wave output, a maximum power of 500 Watts, a frequency of 50 Hz, and 

an efficiency between 91.4% to 98.1%.    
 

Keywords: ferrite core transformers; device portability; pure sine wave inverter; two-stage 

technique. 
 

 

I. Introduction 

  Currently, the use of electrical energy from 

renewable energy sources such as fuel cells, solar 

cells, piezoelectric, and other renewable energy 

sources has begun to be developed in Indonesia. 

However, the energy produced from these renewable 

energy sources is still mostly in the form of direct 

current (DC). Another type such as wind power is 

more efficient and less capital intensive if it is 

implemented in DC voltage distribution [1 – 3]. 

However, the electrical load that must be supplied is 

mostly in the form of alternating current (AC) 

voltage. The need for electronic conversion tools that 

can convert DC energy into AC energy [4, 5] is 

rapidly increasing.  

  An inverter is an electronic conversion tool that 

converts DC voltage source into an AC voltage 

source with the desired magnitude and frequency. 

This tool is needed to support the generation of 

electrical energy, especially in areas that are not 

covered by electricity, such as in the territory of 

Indonesian archipelago. In these remote areas, the 

need for compact supporting tools such as inverters 

is a must [6, 7]. A cheap and compact inverter can be 

used in areas that have limited AC power supply. 

With the availability of this inverter, people can use 

batteries or solar cells to supply ordinary household 

appliances e.g., TVs, electric fans, computers, 

refrigerators, and washing machines. Portable 

inverters are also useful for the development of light 

electric vehicles e.g., electric bicycles, segways, or 

electric scooters. 

  An inverter can generate special types of voltage 

waveforms including a square wave [8], a modified 

sine wave [9], and a pure sine wave inverter [10 – 

11]. For specific purposes, a pure sine wave inverter 

is used to drive AC motor systems [11]. Other types 

of inverters are not optimal in handling AC motor 

loads [12 – 13]. A pure sine wave inverter is also 

needed to connect a private power generation system 
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to an ordinary power grid [14 – 16]. The inverter 

generally consists of several parts, namely an 

oscillator circuit, a switching circuit, and a 

transformer as shown in Figure 1. The battery power 

source in the form of DC voltage is connected to the 

transformer's secondary center tap. Then, the two 

ends of the other pins are connected through the 

switching circuit to the ground. The alternation of the 

“on” and “off” conditions on the switching circuit 

changes from DC voltage to AC voltage [17]. The 

switching circuit is controlled by an oscillator circuit 

that has a function as a frequency generator that is 

determined as needed, e.g., 50 Hz. To increase the 

voltage to reach the typical power grid voltage, a 

step-up transformer and MOSFET drivers are used, 

converting 12 VAC to 220 VAC. MOSFET-based 

driver circuit also functions as a power amplifier to 

drive high power component e.g., electric motor or 

heater element using low voltage signal such as pulse 

width modulation (PWM) from microcontroller. 

This circuit will determine the final specification of 

the maximum power of the prototype to be designed. 

 

Fig. 1. The fundamental concept of DC to AC power 

conversion. 

In general, the inverters use iron core step-up 

transformers. One of the disadvantages of iron core 

transformers is that they are large and heavy [18, 19]. 

They work at a low frequency and take quite a lot of 

wire turns to develop induction force [20]. In terms 

of portability, iron core transformers are less efficient 

[21]. This is different from the ferrite core 

transformer, where this transformer is designed to 

work at high frequencies [22, 23]. The number of 

turns of wire required is less so that the size of the 

transformer is relatively small, lightweight, and more 

efficient in terms of circuit design. Device portability 

is a major challenge in designing high-power 

inverters even though the ferrite core transformer is 

used in the design [24 – 25]. A portable inverter 

extends its functionality due to its smaller and lighter 

weight than traditional inverters but with similar 

efficiency. 

  In this research, a double-stage pure sine wave 

inverter was designed using a ferrite core 

transformer. The design consists of two stages, 

namely a circuit to generate a voltage of 500 Volts 

DC and a pure sine wave generator circuit. The 

circuit for increasing the voltage to 500 Volts DC is 

designed using IC SG3525, MOSFETs, and a step-

up ferrite core transformer. A sine pulse width 

modulation (SPWM) technique is used to develop an 

adjustable sine wave generator circuit. The pure sine 

wave generator circuit is designed using the EGS002 

module, MOSFETs, and filter circuit.  

  The rest of this paper is outlined as follows. The 

basic design of a pure sine wave inverter is described 

in Section II. Section III provides an electrical design 

of a portable pure sine wave inverter. Section IV 

reveals experimental results. Section V concludes 

this study. 

 

Fig. 2. The proposed block diagram of portable pure sine 

wave inverter using ferrite core transformer and double 

stage technique. The diagram consists of two stages, stage 

1 uses SG3525 module and stage 2 uses EGS002 module.  

II.  Design of Pure Sine Wave Inverter 

 

  Pulse Width Modulation (PWM) is a technique 

used in generating constant amplitude pulses by 

modulating the width of the signal which is 

represented by a duty cycle within a certain period. 

The duty cycle value is a parameter that represents 

the average output voltage. The PWM technique is 

used in applications related to analog-digital control. 

The duty cycle of the waveform can be adjusted to 

obtain a varying output voltage, which is the average 

value of the waveform [26]. PWM signals generally 

have a fixed amplitude and base frequency, however, 

their pulse width can vary from 0% to 100%.  

  PWM inverters used in single-phase power 

supplies can be implemented with bipolar switching 

and unipolar switching [27 – 29]. Bipolar switching 
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is a switching state that produces a positive and 

negative voltage pulse state. On the other hand, in 

unipolar switching, it is the switching state that 

produces a positive, negative, and zero voltage. 

II.1. IC SG3525 

IC SG3525 is used to generate a PWM signal, adjust 

the frequency, and set the duty cycle. The value of 

the oscillation frequency on the SG35 IC control 

circuit is regulated by two pins, namely pins 5 and 6 

as shown in Figure 2. Equation (1) is used to find the 

working frequency according to the IC SG3525 

datasheet [30]. The output of the IC SG3525 is 

square waves that are opposite to each other between 

the two output legs. These waves can be used as 

inverter triggers. The inverter to be designed is 

capable of operating in the frequency range of 20 

kHz – 60 kHz. 

                      𝑓𝑜𝑠𝑐 =
1

𝐶𝑇(0.7𝑅𝑇+3𝑅𝐷)

              (1) 

where, fosc is frequency (in Hertz), CT = timing 

capacitor at pin 5 (in Farads), RT is timing resistor at 

pin 6 (in Ohms), and RD is deadtime resistor 

connected between pin 5 and pin 7 (in Ohms). 

II.2.  EGS002 Module 

  The EGS002 module as shown in Figure 2 is an 

electronic component in the form of a PCB board that 

is integrated with a set of chips and other supporting 

components such as resistors and capacitors so that it 

becomes a single unit that works with a specific 

purpose. The EGS002 board module functions as a 

controller on a stage 2 inverter circuit. Basically, this 

module has two ICs, namely IC 2110S as a control 

chip and IC EG8010 as a pure sine wave generator 

[31]. This module has features to detect and secure 

the voltage value, current value, and temperature 

value when working. In addition, this module can 

also be connected to an LCD to display values such 

as voltage, current, temperature, frequency, and other 

peripherals. 

II.3. MOSFET 

  Metal oxide semiconductor field effect transistor 

(MOSFET) is a type of transistor with a controlled 

voltage that functions to control the flow of current. 

One type of this transistor is the power MOSFET 

which is specifically used to handle high power 

circuits. This device has advantages such as high 

switching speed and good efficiency at low voltage 

levels [32]. 

 

(a) 

 

 

(b) 

Fig. 3. Electrical design of a portable pure sine wave 

inverter using ferrite core transformer and double 

stage technique. (a) Schematic of the inverter stage1. 

(b) Schematic of the inverter stage 2. 

  In choosing MOSFETs, there are several 

parameters that become a major concern [33, 34], 

namely: (1) RDS(on) is the resistance between drain and 

source when the MOSFET is in the ON position. (2) 

VGS(on) is the reference voltage used by the MOSFET 

to trigger the Gate which makes the MOSFET 

channel carry the maximum current. (3) ID(max) is the 

maximum current that can pass through the drain to 

the source. (4) Power dissipation (PD) is the 

maximum power that can be dissipated by the 

MOSFET. In the inverter circuit, MOSFETs are used 

as the on-off driver of the oscillator to convert the 

DC input voltage into AC voltage according to the 

desired frequency and amplify the output power. 

III. Electrical Design of  the Proposed 

Portable Pure Sine Wave Inverter 

The proposed inverter circuit consists of two 

circuit blocks, namely the stage 1 circuit and the 
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stage 2 circuit as shown in Figure 3. The stage 1 

circuit block consists of a 12 Volt battery, EGS002 

module, MOSFET, ferrite core step-up transformer 

and rectifier diode. Meanwhile, stage 2 consists of 

the EGS002 module, MOSFET, low pass filter and 

feedback.  

The SG3525 module functions as a square wave 

frequency generator. The MOSFET power amplifier 

functions as an inverter power amplifier. The ferrite 

transformer functions as a voltage booster from 12 

Volts to 400 Volts. The bridge rectifier diode 

functions to rectify the 400 VAC voltage to 400 Volt 

DC. The EGS002 functions as a control chip to 

generate a pure sine PWM signal. The pure sine 

voltage generated from the 400 VDC voltage as the 

output of the stage 1 circuit, is passed through the 

stage 2 MOSFET circuit with the EGS002 controller. 

The final output of the circuit is passed through a 

low-pass filter circuit so as to produce a pure sine 

voltage. Feedback is used to control the inverter 

output voltage stable at 220 VAC. 

III.1 The First Stage of Inverter Circuit 

  The stage 1 circuit as shown in Figure 3 (a) is a 

circuit that functions to produce a high voltage 

inverter, converting from DC 12V to DC 400V. The 

400 VDC voltage is used as the input voltage for the 

stage 2 circuit which is then processed into a pure 

sine wave voltage. 

III.2 The Second Stage of Inverter Circuit 

  The stage 2 circuit in Figure 3 (b) functions as a 

PWM signal generator which generates a pure sine 

wave. This circuit consists of three four blocks, 

namely the EGS002 module as a PWM generator, a 

high voltage MOSFET as a power amplifier, a filter, 

and a feedback circuit. The EGS002 module as a 

PWM signal generator module produces 4 outputs 

1H1, 1LO, 2HO, 2LO. These output pins are 

connected to the IRFP460 high-voltage MOSFET 

circuit. Furthermore, the output voltage of the 

MOSFET, which is arranged in a full bridge 

configuration, is still in the form of a square wave 

PWM. Finally, this signal is filtered by a 3.3 uH 

inductor and a 2.2uF/400-volt capacitor to produce a 

pure sine wave. The feedback circuit which is 

arranged using a rectifier diode and a capacitor is 

used as a controller so that the output voltage remains 

stable at a voltage of 220 VAC. 

 

 

IV. Experimental Results and Discussion 
 

  Tests are carried out to determine the 

performance of the system that has been designed. 

The tests are performed for each stage. At the end, 

the efficiency of the conversion power from the 

output to the input will be revealed. 

IV.1. Stage 1: Testing of Matching Transformer 

  In Figure 4, impedance-matching transformer is 

tested. ferrite transformer is tested by connecting a 

12-volt input, SG3525 circuit, and the output is a 10 

Watt LED lamp. The test is carried out by adjusting 

the frequency value generated by IC SG3525 

gradually by changing the RD value as written in 

Equation (1), until the lights are dimmed or 

extinguished. A dim or extinguished light indicates 

that the transformer is matched because the current 

from the primary winding is maximally transferred 

to the secondary winding [35, 36]. From the test 

results, it can be revealed that the EE42 transformer 

is matched at a frequency of 50-60 kHz. This shows 

that at this frequency, maximum energy is channeled 

to the secondary side of the transformer and the 

power losses are very minimal. The test results in 

Figure 4 (a) show that the output voltage of the stage 

1 circuit i.e., passing through a ferrite transformer, 

produces an output voltage of 406 volts. This test 

shows that the output of the transformer is in 

accordance with what is desired, namely 400 Volts 

with an error value of 1.5%. 

IV.2. Stage 1: Testing of the Output of EGS002 

Module 

  The stage 2 output voltage is measured to 

evaluate the performance of the proposed inverter 

design. Before the EGS002 module is used in the 

inverter circuit, it is necessary to test the function of 

each output pin of the EGS002 module used. Testing 

the EGS002 module requires a supply voltage of 12V 

and 5V for this module to work normally. The input 

circuit according to the initial design is ±400 Volts. 

Furthermore, this voltage is controlled by the SPWM 

technique by the EGS002 module so as to generate a 

pure sine signal at the output pin. 

  To find out that the EGS002 module can work 

normally, it can be seen from the output waveform 

on the EGS002 output pin with an oscilloscope. The 

module output voltage test uses a test scheme 

according to the dataset [31]. The test uses 2 channel 

oscilloscopes connected to the IFB, VS1, VS2, VFB, 

and TFB pins to ground. Testing the output 
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waveform with an oscilloscope on channel 1 of pins 

1LO (Test 1) and 1HO (Test 2) produces a square 

wave output waveform as shown in Figure 4 (b). 

Then, testing the output waveform with an 

oscilloscope on channel 2 from pins 2LO (Test 3) 

and 2HO (test 4) produces a unipolar modulation 

waveform. Testing the output on pins 2LO and 2HO, 

an RC filter is added so that the output voltage is a 

filtered voltage as shown in Figure 4 (c). The test 

results show the same results as those shown in the 

EGS002 module datasheet so it can be concluded that 

the module can work normally. 

 

(a) 

 

(b) 

(c) (d) 

Fig. 4. (a) Experiment on the output of stage 1 circuit. (b) 

Experiment on 1LO pin dan 1HO pin on stage 2 circuit. (c) Experiment 

on 2LO pin dan 2HO pin on stage 2 circuit. (d) Output voltage without 

load attached to the inverter. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 5. (a) Experiment of the final prototype. (b) Output 

voltage without load attached to the inverter. (c) Output 

voltage with a 27-watt electric fan load. (d) Output voltage 

with a 100-watt electric drill load. Small ripples appear on 

the green box due to harmonic frequency of inductive 

loads. 

IV.3  Stage 2: Testing of Filter Circuit 

  One very important part of a pure sine inverter is 

the filter. The filter used is a low pass type consisting 

of an inductor and a capacitor. The filter is installed 

at the output of the inverter. As an output filter, this 

inverter uses a 2.2 uF 450V ceramic capacitor and a 

3.3 mH inductor according to the EGS002 datasheet 

which is connected in parallel with the output. The 

designed filter produces a cutoff frequency of 50 Hz. 

The test results show that the filter output is a pure 

sine voltage with a frequency of 50 Hz as shown in 

Figure 4 (d). 

IV.4 Testing of the Inverter without Load 

  The test aims to determine the magnitude of the 

output voltage and the waveform of the inverter. 

Tests were carried out on step 1 and step 2 outputs 

using a multimeter and an oscilloscope. The test 

without load connected to the inverter can be seen in 

Figure 5 (a). As the input power supply, a 12-volt 7 

AH battery is used. It can be seen that the DC source 

voltage from the battery of 12.56 VDC is increased to 

362 volts by the stage 1 circuit. Then, this voltage is 

used as input to the stage 2 circuit. After passing 

through the filter circuit, an output voltage of 222 

VAC is produced. The output waveform of the 

inverter circuit has been in the form of a pure sine 

wave as shown in Figure 5 (b). From the results of 

testing the output voltage and waveform of the no-

load inverter, it can be concluded that the inverter is 

working as planned. 

IV.5 Testing with Resistive and Inductive Loads 

  After testing the functionality of the inverter 

without a load attached, then the next experiment is 

performed by connecting the prototype with the load. 

The test was carried out using 4 different types of 

loads: a 10-watt incandescent lamp, a 25-watt 

fluorescent lamp as resistive loads, a 27-watt electric 

fan, a 100-watt electric drill and a 500-watt soldering 

tool as inductive loads. The loading test is simulated 

using the input voltage from a 12 Volts adapter, with 

measurement devices i.e., a multimeter, an ammeter, 

and an oscilloscope. The results of the testing can be 

seen in Table 1. From the results, it can be revealed 

that the inverter has a good control and system 

performance according to the designed specification. 

  The shape of output waveform can be visualized 

in Figures 5 (c) and 5 (d). Figure 5 (c) shows that the 

output waveform for a load of 10 watts to 25 watts as 

a resistive load of inverter wave quality is still good, 

while in Figure 5 (d) the load in the form of an 
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electric drill of 100 watts inverter wave quality is still 

in the form of sine wave but with small ripples appear 

and the voltage drop. Changes in waveform and 

voltage drop can be caused because the drill is an 

inductive load that has a large harmonic value so that 

it can distort the sine output wave [37 – 40]. 
 

TABLE I 

ELECTRICAL CHARACTERISTICS OF THE PROPOSED PURE SINE WAVE INVERTER 

No. Load 

Battery 

Voltage 

(VDC) 

Input 

Current 

(Ampere) 

Input 

Power 

(Watt) 

Output 

Voltage 

(VAC) 

 

Efficiency  

(%) 

1 LED lamp 

(10 Watt) 

12.56 0.86 10.8 221 92.6 

2 Fluorescent 

lamp  

(25 Watt) 

12.56 2.03 25.49 219 98.1 

3 Electric fan 

(27 Watt) 

12.56 1.97 24,74 221 97.8 

4 Electric 

drill  

(100 Watt) 

12.04 9.07 109.2 209 92.4 

5 Soldering  

(500 Watt) 

12.02 45.5 546.91 212 91.4 

 

V. Conclusion 

  A power inverter suitable for constant frequency 

applications with high portability is designed in this 

article. The inverter is designed in a two-phase 

circuit. The three main advantages of the proposed 

inverter are (1) reduced number of components, (2) 

single DC source, and (3) small size transformer. In 

accordance with the proposed double stage inverter, 

SPWM methods are presented, and a 500-watt 

laboratory prototype has been developed. The 

experimental results show that a pure sine inverter 

single phase with 2 stages using a ferrite core 

transformer with the SPWM method works 

optimally at an input voltage between 12 VDC – 15 

VDC. The inverter works optimally if the output 

voltage of the stage 1 circuit produces an output of 

360 – 400 VDC. The EE42 ferrite transformer works 

well in the 50 kHz – 60 kHz frequency. The inverter 

is capable of producing an output of 209 – 222 VAC 

with a pure sine voltage and works optimally at 

inductive loads up to 500 Watts at a frequency of 50 

Hz. The experimental results validate the system's 

performance by prioritizing device portability with 

efficiency in the range of 91.4% to 98.1%. 
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