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Abstract – In this paper, a novel topology of two-level voltage-type inverter is proposed. The 
proposed inverter has three bridge arms while each bridge is made up of two thyristors, one IGBT and 
four diodes. Thyristors complete the phase positioning of the inverter, IGBT completes the modulation 
of different modulation modes such as SPWM, SVPWM, and SHPWM, and the diodes complete the 
commutation of the bridge arms. Compared to the traditional voltage-type inverter with six IGBTs, the 
proposed voltage-type inverter using three IGBTs can achieve the same function with highly reduced 
cost. The principle of the proposed two-level inverter is explained in detail. The simulation and 
experiment results demonstrate the performance and effectiveness of the proposed inverter-type 
inverter. 
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1. Introduction 
 
In recent years, the voltage-type inverters have been 

widely applied in numerous applications such as the AC-
DC variable frequency speed regulation system, induction 
heating, uninterruptable power supplies, and electric power 
system. However, with the increasing use of the power 
electronic devices, the voltage grade, stability, and cost 
problems of the inverters cannot be ignored. Accordingly, 
the domestic and foreign scholars have conducted a lot of 
research work [1-5].  

The research on the multilevel inverter structure and 
intelligent control algorithm have been investigated in [6] 
and [7], which improves the system voltage level and 
performance. The topology of modular multilevel converter 
(MMC) is adopted in [8] and [9] in order to increase the 
voltage level of inverter and reduce the capacity of IGBT, 
making IGBT widely used in the field of HVDC 
transmission, and the inverter of HVDC is discussed in 
depth. In [10] and [11], the multilevel inverter topology of 
the IGBT reverse series is proposed. Four quadrant operation 
and simplify control of the system are accomplished using 
this structure. A converter of AC-AC is proposed in [12], 
which eliminates the intermediate DC link. The AC-AC 
power conversion is achieved in the converter, which the 
rectifier part uses six IGBTs and the inverter uses six 
IGBTs. Overall, the topologies of multilevel, matrix 
converter, and MMC are adopted by domestic and overseas 
scholars in order to increase the voltage level and the 

performance of the system, making the power device of 
small capacity applied to high voltage and high power 
system.  

Obviously, the IGBTs are one of the major components 
of the inverters which essentially determine the complexity, 
cost and efficiency of the system. However, the use of a 
large number of IGBTs not only contributes to promising 
superiority in terms of voltage blocking capability and 
switching frequency, but also increase the cost of the 
system. In [13], the gate turn-off thyristors and IGBT are 
utilized to constitute the active power filter to save the cost. 
In [14], the MMC new topology structure with thyristors 
and IGBT is proposed to reduce the switch loss and system 
costs. In [15], the method by using reduced transistors for 
voltage source inverter has been introduced but limited to 
preliminarily theoretical analysis and simulation. 

In this paper, a novel cost-effective two-level voltage-
type inverter with six thyristors, three IGBTs, and two 
diodes is proposed based on a traditional inverter with six 
IGBTs. The key of the proposed inverter is the use of less 
inexpensive thyristors replacing the expensive IGBTs, but 
realizing the similar features compared to the conventional 
one. The topology, principle, energy flow mode, and 
thyristor switch timing of the proposed two-level inverter 
are first discussed in detail. Then the simulation and 
experiment platform for the proposed two-level inverter 
based on sinusoidal pulse width modulation (SPWM) are 
established. As a result, the simulation and experiment 
results verify the performance and effectiveness of the 
proposed inverter-type inverter. 

 
 
2. Inverter Topology and Operating Principle 
 
Fig. 1 shows the traditional structure of the two-level 
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voltage-type inverter, while Fig. 2 shows the topology of 
the proposed two-level voltage-type inverter. The 
utilization of electric switches and estimated cost are listed 
in Table 1. 

From Fig. 1, it can be seen that the traditional two-level 
voltage-type inverter is mainly made up of six IGBTs (S1, 
S2, S3, S4, S5 and S6), and define the switching function S; 
when S = 1, the upper bridge arm open, the lower bridge 
arm off; when S = 0, the upper bridge arm off, the lower 
bridge arm open. Therefore, we get eight kinds of 
switching inverters (000 ~ 111). At the same time, there are 
three IGBT in the conduction state. 

In Fig. 2, the main parts of the proposed two-level 
inverter are six thyristors (VT1, VT2, VT3, VT4, VT5 and 
VT6), three IGBTs (SA, SB and SC), and twelve diodes 
(DAN, DBN, DCN, DAP, DBP, etc.). Combined with 
corresponding control algorithms, the proposed voltage-
type inverter can achieve the identical functions of the 
traditional two-level inverter which is shown in Fig. 1 [16]. 

 
2.1 Energy transfer model 

 
The output waveforms of the novel inverter with 

voltage-phase angle 120°between three phases voltage 
using the thyristors, realize all kinds of modulation 
algorithm using IGBTs and complete converter using 
diodes. Fig. 3 is the six kinds of energy transfer mode of 
the novel two-level inverter under different switch state. 

(1) As shown in Fig. 3 (a) and Table 1（Switch signal is 
110）, the thyristors VT1, VT2, VT3 of the novel two-
level inverter work. The energy transfer path of the system 
is the VDC positive terminal to VT1 - SA - DAP - A phase 
load - B phase load - DCN -SC - VT2 - VDC negative 
terminal; VDC positive terminal - VT3 - SB - DBP - B phase 
load - C phase load -DCN-SC-VT2-VDC negative terminal. 

(2) As shown in Fig. 3 (b) and Table 1（Switch signal is 
010）, the thyristors VT2, VT3, VT4 of the novel two-
level inverter work. The energy transfer path of the system 
is the VDC positive end to VT3 - SB - DBP - B phase load - C 
phase load - DCN - SC- VT2 - VDC negative terminal; VDC 
positive terminal - VT3 - SB - DBP - B phase load - A phase 
load - DAN - SA - VT4 - VDC negative terminal. 

(3) As shown in Fig. 3 (c) and Table 1（Switch signal is 
011), the thyristors VT3, VT4, VT5 of the novel two-level 
inverter work. The energy transfer path of the system is the 
VDC positive terminal to VT3 - SB - DBP - B phase load - A 

Table 1. Electric devices and cost estimation 

Item Conventional Proposed 
IGBT 6 3 
Diode 6 12 

Thyristor 0 6 
Cost 104 $ 33 $ 

 

 
Fig. 1. Topology of the traditional two-level inverter 

 

 
Fig. 2. Topology of the proposed two-level inverter 

Fig. 3. Energy transfer model of new-type two level 
inverter 
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phase load - DSA- VT4 - VDC negative terminal; VDC 
positive terminal - VT5 - SC - DCP - C phase load - A phase 
load - DAN - SA - VT4 - VDC negative terminal. 

(4) As shown in Fig. 3 (d) and Table 1（Switch signal is 
001, the thyristors VT4, VT5, VT6 of the novel two-level 
inverter work. The energy transfer path of the system is the 
VDC positive terminal to VT5 - SC - DCP - C phase load - B 
phase load – DBN - SB- VT6 - VDC negative terminal; VDC 
positive terminal - VT5 - SC - DCP - C phase load - A 
phase load - DAN - SA - VT4 - VDC negative terminal. 

(5) As shown in Fig. 3 (e) and Table 1（Switch signal is 
101, the thyristors VT5, VT6, VT1 of the novel two-level 
inverter work. The energy transfer path of the system is the 
VDC positive terminal to VT5 - SC - DCP - C phase load - B 
phase load – DBN - SB- VT6 - VDC negative terminal; VDC 
positive terminal – VT1 - SA - DAP - A phase load - B phase 
load - DBN - SB –VT6 -VDC negative terminal. 

(6) As shown in Fig. 3 (f) and Table 1（Switch signal is 
100, the thyristors VT6, Vt1, VT2 of the novel two-level 
inverter work. The energy transfer path of the system is the 
VDC positive terminal to VT1 - SA - DAP - A phase load - B 
phase load – DBN - SB - VT6 - VDC negative terminal; VDC 
positive terminal – VT1 - SA - DAP - A phase load - C phase 
load - DCN - SC – VT2 - VDC negative terminal. 

 
2.2 Switch state 

 
According to a cycle of energy transfer mode as shown 

in Fig. 3, the table of switch time series and switch state 
of the novel two-level inverter can be got. Fig. 4 is the 
sequence diagram of the thyristor VT1 to VT6 and the 
switch of SA- SC. Here we set the value of the upper bridge-

arm (VT1,VT3,VT5,SA,SB,SC) as 1 and the lower bridge-
arm(VT2,VT4,VT6,SA,SB,SC) as 0, the switch state’s table 
of novel two-level inverter can be built, as shown in 
Table 2. 

As shown in Fig. 4: have there is a difference of 180 
degrees between thyristors VT1 and VT4; VT3 and VT6; 
VT2 and VT5respectively, and a difference between 120 
degrees between VT1 and VT3, VT5. IGBT SA, SB, SC 
output sinusoidal pulse width modulation wave. 

 
2.3 Analysis of drive signal for IGBT 

 
Generally, there are the symmetrical rule sampling 

method, the asymmetry rule sampling method and the 
equivalent area method in the SPWM’s modulation. The 
asymmetry rule sampling method is adopted for the IGBT 
SVPWM modulation in the novel two-level inverter. The 
schematic diagram has been shown in Fig. 5, asymmetry 
rule sampling method has sampling twice in each carrier 
cycle and the sampling location is located at the vertex 
positions and the end-point positions of triangular wave. 

According to similar triangle principle, 
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Fig. 4. Switch time series of novel two-level inverter 

Table 2. Switch state of novel two-level inverter 

Output line voltage Switch 
state Switch signal 

VAB VBC VCA 
1 0 0 0 0 0 0 
2 0 0 1 0 - VDC VDC 
3 0 1 0 - VDC VDC 0 
4 0 1 1 - VDC 0 VDC 
5 1 0 0 VDC 0 - VDC 
6 1 0 1 VDC - VDC 0 
7 1 1 0 0 VDC - VDC 
8 1 1 1 0 0 0 
 

 
Fig. 5. The principle diagram of the asymmetry rule 

sampling method 
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Then 
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The asymmetry rule sampling method of SPWM’s 

modulation can be achieved by bring (3) into the compared 
register of DSP28335 of TI Company. 
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(4) 

Fig. 6 (a) is switch signal of SPWM. Fig. 6 (b) is switch 
signal of SPWM after low-pass filter. 

It can be seen from Fig .6, the SPWM waveform after 
modulation has a good sine degree which can be used for 
the simulation and experiment. Table 3 shows the basic 
parameter of new-type two level inverter. 

 
 

3. Simulation Results 
 
The simulation model can be established based on basic 

parameters of the novel two-level inverter as shown in 
table 2. Fig. 7 is the output waveform of the VT1 to VT6 
and the IGBT drive. Fig.8 is the waveform at both ends of 
the VT1 to VT6 and IGBT. Fig. 9 is the output voltage 
waveform of the inverter. Fig.10 is the output current 
waveform of the inverter.  

It can be seen from Fig. 7 and Fig. 8, the same thyristor 
of bridge arm (VT1 and VT2, VT3 and VT4, VT5 and 
VT6) phase different is 180o; different thyristor of bridge 
arm phase different is 120o. Meanwhile, the output voltage 

Table 3. Basic parameter of new-type two level inverter 

Item Value Item Value 
DC source 80V R/L load 5Ω/2.5mH 

Switching frequency 2kHz Dead-time 60us 
Modulation factor 0.8 Output frequency 50Hz 
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(a) Switch signal of SPWM 
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(b) Modulation signal of SPWM 

Fig. 6. Signal of SPWM 
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Fig. 7. Waveform of drive for thyristor and IGBT 
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Fig. 8. Voltage of thyristor and IGBT 
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per phase of IGBT (SA, SB, SC) phase different is 120o. The 
output peak voltage of thyristor and IGBT is 80V, which 
preliminary verify the accuracy of the proposed scheme.  

It can be seen from Fig. 9, the output line voltage of 
inverter electrical angle different is 120o, and the amplitude 
voltage is 80V. As can be seen from Fig. 10, the output 
current of inverter exhibits sine waveforms, validating the 
correctness of the proposed scheme. 

 
 

4. Experiment Verification 
 
The novel two-level inverter experimental system is 

built according to the Table 3 which is shown in Fig. 11, 
it includes thyristor drive, IGBT drive, DSP board, 
oscilloscope, power analyzer, DC power supply, and RL 
load etc.  

Some corresponding experiment research can be 
conducted. The waveforms of phase A, phase B and 
phase C outputted through DSP are shown in Fig. 12, Fig. 
13 and Fig. 14. Fig. 15 shows the three-phase waveform of 
IGBT outputted through DSP. Fig.16 is the three-phase 

waveform of upper bridge arm switch’s thyristor. The 
three-phase waveform of thyristor’s driver is shown in Fig. 
17. The output waveform of phase A, phase B and phase C  
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Fig. 9. Output voltage of inverter 
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Fig. 10. Output current of inverter 

 
(a) Thyristor of on the bridge arm 

 
(b) Thyristor of under the bridge arm 

 
(c) Converter diodes of IGBT 

 
(d) Experimental system setup  

Fig. 11. Experiment system 
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Fig. 12. DSP output waveform of phase A 

 

 
Fig. 13. DSP output waveform of phase B 

 

 
Fig. 14. DSP output waveform of phase C 
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Fig. 15. DSP output waveform of three phase IGBT 

 
Fig. 16. DSP output waveform of three phase up bridge 

arm thyristor 
 

 
(a) Upper bridge arm 

 
(b) Lower bridge arm 

Fig. 17. Thyristor drive output waveform of three phase 
bridge arm  

 

 
Fig. 18. Output voltage of three phase 
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Fig. 19. Output line voltage of three phase  

 

 
Fig. 20. Output current of inverter 

 
are shown in Fig. 18. The output waveform of three-phase 
line voltage is shown in Fig. 19. The output waveform of 
three-phase current is shown in Fig. 20.  

From Fig. 12 to Fig. 14, it can be seen that the drive 
signal difference of thyristors on the same bridge arm is 
180°. 

In Fig. 15, the amplitude of the IGBT drive signal in 
three bridge arms is 3V. And after the low pass filter, the 
output waveform is the sine wave, and the phase difference 
is 120° with each other. 

In Fig. 16, the signal cycle of the upper bridge arm is 
20ms, and the phase difference is 120°. From the Fig. 17 
and Fig. 18, it can be seen that the phase difference 
between the upper and lower bridge arms is 120°. The 
output frequency is 50Hz. The same bridge arm of the 
thyristors phase difference is 120°. From Fig. 19, it can be 
seen the output line voltage frequency is 50Hz. The phase 
angle between three phases is 120°. In Fig. 20, the phase 
angle of two phase current waveform is 120°, and the sine 
degree is better. 

 
 

5. Conclusion 
 
In this paper, a novel cost-effective two-level voltage-

type inverter with 6 thyristors, 3 IGBTs, and 12 diodes has 
been proposed with experimental verification. The energy 
transfer mode, switching time sequence, switching state, 
and SPWM modulation method of IGBTs were first 
analyzed in detail. Then the simulation and experiment 
platform for the proposed inverter were built and the 
simulation and experiments were carried out. As a result, 

the simulation and experimental results have validated 
the performance and effectiveness of the proposed 
inverter. Therefore, the proposed voltage-type inverter 
with combined use of thyristors and IGBTs with low cost 
has great competitiveness in applications of the cascade 
multilevel inverter and the matrix type inverter. 
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