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Abstract—for low voltage applications, a new T-type inverter topology based on multi-state switching cell is proposed, when 
medium (or) high switching frequencies are preferred. In this paper the MSSC application presents two topologies of five level 
inverter. The T-type inverter topology is compared by the Neutral-Point Clamped topology. As the name indicates T-type the 
conduction takes place in the form of T-shape. In T-type inverter topology the common emitter configurations are used for the 
switches, it acts like a bidirectional switch; these switches are used to block the half of the dc-link voltage. Due to the reduced 
blocking voltage, the switch shows very low switching losses. Thus, the THD of output voltage should be reduced. Since the filter 
ripple frequency is twice the switching frequency, therefore reducing the magnetic weight and size. 
Key words: - Multi-state switching cell, Switch configurations, T-type inverter, Dc-Link Voltage, Auto-transformer. 

I. INTRODUCTION 
Now a day’s the power electronic converters plays a major role in dc-ac converters, which transforms energy from a dc source into 
an ac source and these are referred as inverters. The dc input power source is present in the systems like, battery bank, photovoltaic 
solar panels, fuel cells and the output of a rectifier. Among many applications, inverters are used for inductive heating and 
uninterrupted power supply systems (UPS) which are being more and more popular in the industry. Practically, dc-ac converter 
obtains a rectangular output with high harmonic component, which is undesirable for many applications. To minimize this problem, 
pulse width modulation (PWM) technique is implemented. The term multilevel starts with the three-levels of output voltage in 
inverter, by increasing the number of levels in the inverter, the output voltages have more steps generating a staircase waveform, 
which has a reduced harmonic distortion. Multilevel inverters include an array of controlled semiconductor devices with antiparallel 
diodes and capacitor voltage sources. In multilevel inverters the Neutral-Point Clamped (NPC) converter based on Multi-State 
Switching Cell is presented in this paper. The T-type inverter consists of two types of cells. One is full bridge switches and another 
one is half bridge switches. Half bridge switches are connected to that of the dc-link mid-point. These switches have to block the 
half of the dc-link voltage. Therefore, it is possible to use the IGBTs having a lower voltage rating. Therefore, the conduction losses 
of the T-type inverter are considerably reduced compared to that of the NPC inverter. 
A. The Basic Cell Generating Procedure 
The cell generating procedure is as shown in figure (1.1). If we consider a two winding transformer, first the secondary side of the 
transformer is referred to as the primary side, second the output voltage source Vo is connected to the common point of the switches. 
Finally from the converter the new switching cell is obtained between the points a, b and c. 

 
Fig (1) Procedure for generating Multi-State Switching Cell 
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In order to clarify the issues such as input ripple current, output rms current and also reduce the current stresses on semiconductor 
devices are performed depends on the  number of switching states. A five level inverter based multi-state switching cell is applied to 
the T-type converter (5L T-Type-MSSC) has some advantages compared with the 5L NPC-MSSC topology : it presents less number 
of semiconductors, because it does not need clamping diodes, due to this reducing cost of the converter. During the operating 
intervals, the number of conducting semiconductors is smaller; this will represents the reduction in total losses. And also we can 
reduce the current stresses on semiconductor devices. 

II. FIVE-LEVEL NPC-MSSC TOPOLOGY 
The five-level Neutral-Point Clamped topology based on multi-state switching cell is shown in fig (2), consists of eight controlled 
switches (S1-S8) with respective to the anti-parallel diodes (D1-D8); four clamping diodes (DC1-DC4) are used to clamp the output 
voltage. One autotransformer with windings N1 and N2 of unitary transformation ratio (1:1) is used to flow the current evenly 
through the semiconductor switches. One passive filter is used to reduce the high frequency component in the output voltage 
composed by the inductor (Lo) and capacitor (Co). 

 
Fig (2) five-level NPC-MSSC topology 

 
A. Modulation Technique 
The engaged modulation technique is the sinusoidal pulse width modulation technique (SPWM), as shown in figure (3). 

 
Fig (3) sinusoidal pulse width modulation technique (SPWM) 

The carriers Cs1 and Cs2 can be arranged in vertical shifts, with the signals in phase with each other called phase disposition (PD-
PWM). The carriers Cs5 and Cs6 are phase-shifted by the 180 degrees. The drive signals of switches S1, S2, S5 and S6 are obtained 
from the comparison of the sinusoidal reference voltage with the respective triangular carriers Cs1, Cs2, Cs5 and Cs6. Thus, the drive 
signals of switches S1 and S5 are phase-shifted by 180 degrees and so the drive signals of switches S2 and S6. The drive signals of 
switches S3, S4, S7 and S8 are complementary to those for switches S1, S2, S5 and S6 respectively. Applying this modulation technique 
in the five-level topologies, until the end of entire positive semi-cycle of the sinusoidal reference voltage the switches S2 and S6 are 
in conduction state.  While the switches S1 and S5 are performs the non-conduction state for negative semi-cycle of the sinusoidal 
reference voltage. 

B. Operation Modes 
The NPC-MSSC topology appears two operation modes according to the states of switches such as  
Overlapping mode and 
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Non-overlapping mode 
The overlapping mode occurs when the switches S1 and S5 or S2 and S6 are having the continuous conduction during the positive 
and negative semi-cycle of the output voltage. The Non-overlapping mode occurs when the switches S1 and S5 or S2 and S6 are not 
having the continuous conduction during the positive and negative semi-cycle of the output voltage as shown in figure (4).  

 
 

Fig (4) the inverter output voltage during one-cycle 
 
1) Non-Overlapping Mode In The Positive Semi-Cycle: a) Mode 1: The entire positive semi-cycle of the output voltage the 

switches S2 and S6 are in conducting and the switches S1 and S5 are non-conduction state of operation. During this stage, half of 
the load current flows through diode Dc1 switch S2, and winding N2. While the remaining half flows through the diode Dc3, 

switch S6, and winding N1. During this stage, is as shown in figure 5(a), the output voltage VAO is equal to zero. 
b) Mode 2: 
When the switch S1 is off and S5 is on, half of the load current flows through the input voltage source (Vin), switches S5 and S6, 
winding N1. While the remaining half flows through diode Dc1, switch S2, and winding N2. During this operation stage, is represented 
in figure 5(b), the output voltage Vao is equal to +Vin/4. A similar operation stage occurs when switch S1 is on and S5 is off. 
Thus the output current is equally shared between the autotransformer windings and the current stresses for the controlled switches 
and diodes are reduced. 
 

 
        Fig 5(a)                                                                              Fig 5(b) 

Fig 5 Operation stages in non-overlapping mode 
 
2) Overlapping Mode In Positive Semi-Cycle: a) Mode 1: In this operation mode, switches S2 and S6 are always on, and also the 

switches S1 and S5 are on, half of the load current flows through switches S1 and S2, and winding N2. The remaining current 
flows through switches S5 and S6, which is shown in figure 6(a), the output voltage Vao is equal to +Vin/2. 

b) Mode 2: 
When the switch S1 is off and S5 is on, half of the load current flows through the input voltage, switch (S5, S6) and winding N1. While 
the remaining half flows through diode Dc1, switch S2, and winding N2. During the operating stage represented in figure 6(b), the 
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output voltage Vao is equal to +Vin/4. A similar operation stage occurs when switch S1 is on and S5 is off. The behaviour of the 
converter in overlapping modes considering the negative semi-cycle of the output voltage is analogous to that for positive one. 

 
             Fig 6(a)                                                                      Fig 6(b) 

Fig 6 operation modes in overlapping mode 
 
C. Output Voltage 
From the previous analysis, it is possible to conclude that the output voltage Vao assumes three possible values for each semi-cycle 
according to the state of switches, while null voltage exists in both semi-cycles. Therefore the output voltage waveform assumes 
five levels.   

III. PROPOSED TOPOLOGY 
The five-level T-type inverter topology based on MSSC is self-possessed by the following components are as shown in figure (7), 
eight controlled switches (S1-S8) with respective to the anti-parallel diodes (D1-D8); one autotransformer with windings N1 and N2 
and one passive filter is used to reduce the high frequency component in the output voltage composed by inductor and capacitor. In 
this proposed inverter, an active bidirectional switch to the dc-link mid-point providing superior output voltage quality. Thus a third 
voltage level is added to the two output levels of each leg of the inverter. Consequently, the output voltage without filter presents 
five levels. 

 
Fig (7) Five-level T-type inverter topology 

The employed modulation technique is same as that of five-level NPC-MSSC topology. And also the modes of operation are same 
as that of NPC-MSSC topology with two operation modes according to the states of switches: 
Overlapping mode 
Non-overlapping mode 
Positive semi-cycle (non-overlapping mode): 
The time at the end of the positive semi-cycle of the sinusoidal reference voltage the switches S2 and S6 are on. 
Mode 1: 
The switch S5 starts conducting and S1 is switched off. Fig 8(a) shows this operating stage, where the half of the load current flows 
through the input voltage source, the switch S5 and winding N2. While the remaining half flows through the intrinsic diode D3, 
switch S2 and winding N1. During this stage, the output voltage VAO is equal to +Vin/4. 
Mode 2: 
The switch S5 is turned off. Thus, half of the load current flows through diode D3, switch S2 and winding N1. While the remaining 
half flows through the diode D7, switch S6 and winding N2. During this stage is represented by fig 8(b), the autotransformer windings 
are short-circuited and the output voltage VAO is equal to zero. 
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Mode 3: 
The switch S1 starts conducting and S5 is switched off. Fig 8(c) shows this operating stage, where the half of the load current flows 
through the input voltage source, the switch S1 and winding N1. On the other hand, the remaining half of the load current flows 
through the diode D7, switch S6 and winding N2. During this stage the output voltage is equal to +Vin/4. 
Mode 4: 
This stage is identical to the second stage of the non-overlapping mode. 

 
Fig (8) modes of operation for positive semi-cycle 

 
Fig (9) modes of operation for negative semi-cycle 

 
Positive semi-cycle (overlapping mode): 
Mode 1: 
This stage is identical to the first stage of non-overlapping mode. 
Mode 2: 
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In this mode, the switch S1 and S5 are turned on. Thus, half of the load current flows through switch S1 and winding N1; while the 
remaining half flows through switch S5 and winding N2. During this stage, is represented in fig. 8(d), the autotransformer windings 
are short-circuited and the output voltage VAO is equal to +Vin/2. 
Mode 3: 
This stage is identical to the third stage of the non-overlapping mode. 
Mode 4: 
This stage is identical to the second stage of the overlapping mode. 
The five-level T-type inverter topology operating in the overlapping and non-overlapping modes considering the negative semi-
cycle of the output voltage is analogous to that of previously explained for positive semi-cycle. Figure (9) shows the operating 
stages for overlapping and non-overlapping modes in the negative semi-cycle of the sinusoidal reference voltage. 

TABLE 1: Switching states for 5LT-type MSSC 
Modes of operation S1 S5 S4 S8 VAO 

 
Non-overlapping 

Mode 

Off On off off +Vin/4 
Off Off off off 0 
on Off off off +Vin/4 
on On off off +Vin/2 

 
Overlapping 

Mode 

Off Off off on -Vin/4 
Off Off off off 0 
Off Off On off -Vin/4 
Off Off On on -Vin/2 

Output voltage: 
 The output voltage of proposed inverter VAO presents three possible values for each semi-cycle, according to the conduction states 
of switches, and the level zero is obtained in both semi-cycles. This way the output voltage waveform presents five-levels. 

IV. COMPARISON OF TOPOLOGIES 
By comparing the above two topologies, the NPC-MSSC topology, clamping diodes are used for clamp the voltage, but in T-type  
MSSC topology clamping diodes are necessary, due to this less semiconductors are used in T-type topology by this cost will be 
reduced. Same rating of IGBTs are preferred for NPC-MSSC topology, different ratings of IGBTs are used for reducing the 
switching losses in T-type MSSC topology. Common emitter configurations are used to form a bidirectional switch, which has to 
block the half of the dc-link voltage. No need of switching configurations in NPC-MSSC topology.  

V. SIMULATION RESULTS 
Fig (10) (11), shows the inverter output voltage VO and the five levels of output voltage VAO for NPC-MSSC topology.  The THD 
value of the unfiltered output voltage VAO obtained in the simulation was 43.21%. Fig (13) (14), shows the inverter output voltage 
VO and the five levels of output voltage VAO for T-type MSSC topology. The THD value of the unfiltered output voltage VAO 
obtained in the simulation was 38.17%. The current waveforms in the inductor LO are as shown in fig. 11. It can be observed that the 
load current is divided equally between the autotransformer windings N1 and N2. 

 
Fig. 10 output voltage for NPC-MSSC topology before filter 
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Fig. 11 output voltage for NPC-MSSC topology after filter 

   
Fig. 12 inductor currents for NPC-MSSC topology 

 
Fig. 13 output voltage for T-type MSSC topology before filter 

 
Fig. 14 output voltage for T-type MSSC topology after filter 

 
Fig. 15 inductor currents for T-type MSSC topology 
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Fig. 16 voltage across full-bridge switches 

  
Fig. 17 voltage across half-bridge switches 

 
Fig. 18 FFT analysis for NPC-MSSC topology output voltage before filter 

 
Fig.19 FFT analysis for NPC-MSSC topology output voltage after filter 
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Fig. 20 FFT analysis for inductor currents of NPC-MSSC topology 

 
Fig. 21 FFT analysis for T-type topology of output voltage before filter 

 
Fig. 22 FFT analysis for T-type topology of output voltage after filter 

 
Fig. 23 FFT analysis for inductor currents of T-type topology 
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TABLE 2: Comparison table for simulation results 
parameters THD of output voltage 

without filter% 
THD of output voltage 

with filter% 
THD of inductor 

currents% 

Five-level NPC-
MSSC topology 

 
43.21 

 
4.55 

 
10.42 

Five-level 

T-type MSSC 
topology 

 
38.17 

 
1.37 

 
3.05 

 

VI. CONCLUSION 
An application of multi-state switching cell is applied to the five-level NPC-MSSC and the T-type MSSC was also present in this 
paper. The proposed topology presents the five levels of output voltage before the filter, and also provides lower harmonic distortion; 
Weight and size of the magnetic components and cost of the inverter is reduces, because low semiconductor devices are used. 
Additionally, the 5L T-type-MSSC presents low conduction losses due to current sharing between the semiconductor devices. 
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