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Abstract—The use of power inverter technology with low 

harmonics content is rapidly growing.  For decades, 

researchers have conducted investigations to minimize its 

harmonics content, leading to the creation of a five-level 

inverter. This new topology often deals with many power 

semiconductor switches, thereby making it difficult to control. 

Therefore, this paper studies a further simulation and 

hardware implementation of the one leg control strategy of the 

single-phase five-level inverter design with efficient control of 

switches operated in a line frequency to achieve a higher-level 

demand. The verification of this research is a simulation and 

prototype implementation carried out in the laboratory 

Keywords—One leg, Single-phase, Five-level inverter 

I. INTRODUCTION  

Renewable energy is a new trend in the electricity 
industry. This system (photovoltaic and wind) consist of an 
energy conversion device, and Maximum Power Point 
Tracker (MPPT) used to maximize power output in an 
inverter.  The newly designed inverter contains low 
harmonic content, with the most common being the H-
bridge. Furthermore, to obtain a small harmonic production 
of voltage or current, it must be operated at high frequencies 
using large filters. Due to these limitations, multi-level 
inverters are widely implemented 

This type of inverter is similar to the conventional with 

the same functionalities. However, it has better voltage and 

current harmonic output, although they are less efficient. The 

basic multi-level inverter consists of three groups, namely: 

neutral diode-clamped [1-3], multi-cells (flying capacitor) 

[4], and separated DC sources (cascade H-bridge) [5]. To 

form a five-level, the common multi-level inverters require 

many power semiconductor switches. Here are examples of 

some five-level topology: Eight-six active switches [6-8], six 

active switches [9] and two passive switches [10-11], as well 

as five active switches and four passive switches [12, 13]. 

Judging from the number of switches (passive and active), 

this system will be more complicated with complex control 

circuits. Many types of five-level inverters have the same 

voltage and current output harmonics at the same level, but 

the complexities of control could be reduced. Other 

advantages also include the ability to suppress switching 

losses on the power semiconductor component and 

semiconductor switch device. A higher inverter level will 

result in a smaller output voltage and current harmonics. 

Although the value of the filter size decreases, this method is 

not efficient. Inverters with a low total harmonic distortion 

(THD) are in great demand because it produces high THD, 

thereby, leading to interference with the distribution network, 

such as in the case of grid tie inverters [14-17]. 
In this paper, a five-level inverter using five active and 

one passive power switch had been analyzed to develop a 
new one leg control strategy capable of producing higher 
switching frequency. This control strategy is able to achieve 
low switching loss than every active power switch. The five-
level inverter control design is validated using computational 
simulation, and at the final stage, hardware implementation 
is carried out. Testing is conducted by comparing the 
simulation and implementation results obtained from the 
laboratory test. 

II. FIVE-LEVEL INVERTER TOPOLOGY  

In this section, a five-level inverter topology that have 
been design is discussed. It is divided into two parts: the first 
part comprises of S1 - S4 as the three-level inverter (unipolar 
H-Bride inverter) and the second part is the next level 
comprises of S5. The five-level inverter power circuit is 
shown in Figure 1.  

 

Fig. 1. Five-level power circuit 

It is described as possible operating modes:  

A. The operation mode 1 

When the power switches: S5 and S1 are conducted, the 

current from the voltage source (E + E) flows to the load 

and returns to the voltage source (E + E) through the S3 

power switch. The illustration of the operation mode is 

shown in Figure 2. This condition is represented in question 

(1): 
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Fig. 2. The operaton mode 1 

 

B. The operation mode 2 

When the power switches: D1 and S1 are conducted, the 

current from the voltage source (E) flows to the load and 

returns to the voltage source (E) through the S3 power 

switch. The illustration of the first operation is shown in 

Figure 3. This condition is represented in question (2): 

 

Fig. 3. The operaton mode 2 
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C. The operation mode 3 

When the power switches: S1 and S2 are conducted, the 

current flows i n  a freewheeling condition of the load for 

a positive value. While the combination of switches S3 and 

S4 result in a freewheeling condition for a negative value. 

The illustration of the operation mode is shown in Figure 4. 

This condition is represented in question (3):  

 

 
(a) 

 
(b) 

Fig. 4. The operaton mode 3. (a). Positive cycle, (b) Negative cycle 
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D. The operation mode 4 

When the power switches: D1 and S2 are conducted, the 

current from the voltage source (E) flows to the load and 

returns to the voltage source (E) through the S4 power 

switch. The illustration of the first operation is shown in 

Figure 5. This condition is represented in question (4): 

 

 

Fig. 5. The operaton mode 4 
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E. The operation mode 5 

When the power switches: S5 and S2 are conducted, the 

current from the voltage source (E+E) flows to the load and 

returns to the voltage source (E+E) through the S4 power 

switch. The illustration of the first operation is shown in Fig 

6. This condition is represented in question (4): 

 
Fig. 6. The operaton mode 5 
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The relation between question (1) – (5) could be expressed 

in matrix function is represented in question (6):
       

                 EMVo 2=         (6) 

M: index modulation that consisting of m1 (
2

1
0 1 ≤≤ m ) 

and m2 ( 1
2

1
2 ≤≤ m ). 

 

III. ONE LEG CONTROL STRATEGY 

Based on the operation modes (1 - 6), the active power 
switches (S5, S1 and S4) operate at high frequency, while 
others operate in a  50 Hz frequency to produce a half 
positive cycle and negative cycle. The gate switching logic 
for operation modes are represented in Table 1. 

TABLE I.  FIVE-LEVEL INVERTER OUTPUT 

Polarity Generator Level generator Vo 

S2 S3 S1 S4 S5 

Off On On Off On 2E 

Off On On Off Off E 

On Off On Off Off 0 

Off On Off On Off 0 

On Off Off On Off -E 

On Off Off On On -2E 

 

The constructing of the unique sinusoidal pulse width 

modulation (SPWM) of the five-level inverter is carried out 

by applying Table 1 to design the proposed new system 

using one leg control strategy. The expression for the level 

generator logic decoding sequence and polarity generator 

could be seen for each power switch. This proposes a 

new SPWM control circuit for the five-level inverter, as 

shown in Fig 7. The proposed SPWM gating signal used to 

construct a five-level inverter output is shown in Fig. 8. 
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Fig. 7. The proposes a new SPWM control  

 

Fig. 8. The proposed SPWM gating signal to constructing five-level 
inverter output 
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IV. RESULTS AND ANALISYS 

The verification used to validate the analysis is 
conducted by simulation of the proposed five-level inverter 
design using a new SPWM control strategy. These proses 
are simulated through PSIM software, with the parameters 
represented in Table 2.  

TABLE II.  SIMULATION AND IMPLEMENTATION PARAMETERS 

Parameters Value 

Voltage input 200 Volt 

Inductor 2 mH 

Load 100 Ohm 
Frequency Switching 10 KHz 

 

The SPWM gating signal for the five levels is 
constructed on switches S5, S1, and S4 as represented in Fig 
9. The gating signals for polarity generator are constructed 
on switches S2 and S3, as shown in Fig 10. 

 

Fig. 9. The gating signal S5, S1 and S4 

 

Fig. 10. The gating signal S2 and S3 

The final tests of the simulation results in the 

construction of the five-level output waveform are seen in 

Fig 11. The magnitude voltage levels were at +200V, 

+100V, 0, −100V and −200V. The five-level output 

waveform is filtered through an inductive filter of 2mH 

which is seen in Fig 11. 

 
Fig. 10. Five-level inverter output waveform 

 
Fig. 11. The current (blue) and voltage (red) inverter output waveform 

 

The core of one leg control strategy implements a micro-

controller PIC 40F4550. The IGBT SKM75GB123D is 

used as active and passive power switches of five-level 

inverter. Furthermore, the TLP 250 is used as an electric 

isolator for active switch S5, while the TLP 250 and 

IR2110 are used as an electrical isolator for S1-S4. Fig 12 

shown the gating signal for S5 (red), S1 (blue), and S4 

(yellow). The gating signals for reduce switching loss are 

constructed on switches S2 (yellow) and S3 (blue), as 

shown in Fig 13. 

 

 
Fig. 12. The gating signal S5, S1 and S4 

 
Fig. 13. The gating signal S2 and S3 
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The experimental results of five-level inverter output are 

depicted in Fig 14. Finally, the current and voltage inverter 

output is presented in Fig. 15. 

 

 
Fig. 14. Five-level inverter output waveform 

 
Fig. 15. The current (blue) and voltage (yellow) inverter output 
waveform 

 

This verification of the simulation shown that the one leg 

control strategy for five-level inverter is straightforward to 

utilize using the level values and zero-crossing polarity 

detector. 

   

V. CONCLUSION 

The one leg control strategy for single-phase five-level 

inverter presented in this paper consists of three levels with 

high frequency switching on positive value and polarity 

generator with low frequency switching respectively. By 

utilizing this method, the switching losses are likely to be 

adequately reduced.  
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