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 Multilevel inverters are the best solution for medium and high voltage power 
electronic drives. Because of its unique characteristic of synthesizing 
sinusoidal voltage with less harmonic contents using several DC sources. In 
a three phase multilevel inverter, each phase of a cascaded H-bridge inverter 
requires ‘n’ DC sources to obtain 2n + 1 output voltage levels. One particular 
disadvantage is that, it increases number of power semiconductor switches. 
To overcome this disadvantage a multilevel DC l ink  inver te r  (MLDCLI) 
with reduced number of switches and batteries is proposed. Keyword: 
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1. INTRODUCTION  

Multilevel converters have received more and more attention because of their capability of high 
voltage operation, high efficiency, and low electromagnetic interference (EMI). The desired output of a 
multilevel converter is synthesized by several sources of dc voltages. With an increasing number of dc 
voltage sources, the converter voltage output waveform approaches a nearly sinusoidal waveform while using 
a fundamental frequency switching scheme. These results in low switching losses, and because of several dc 
sources, the switches experience a lower voltage stress. As a result, multilevel converter technology is 
promising for high power electric devices such as utility applications [1]. There are three major multilevel 
topologies: cascaded, diode clamped, and capacitor clamped. For the number of levels (M) greater than three 
or some applications such as reactive and harmonic compensation in power systems, these multilevel 
converters do not require a separate dc power source to maintain each voltage level. Instead, each voltage 
level can be supported by a capacitor with proper control. However, for M > 3 and applications involved in 
active power transfer, such as motor drives, these multilevel converters all require either isolated dc power 
sources or a complicated voltage balancing circuit and control scheme to support and maintain each voltage 
level. In this aspect, the three existing multilevel converters are neither operable nor complete for real 
(active) power conversion because they all depend on outside circuits for voltage balancing [2]. Multilevel 
inverters produce a stepped output phase voltage with a refined harmonic profile when compared to a two-
level inverter-fed drive system. However, these configurations are also complex for higher number of levels. 
The three-level inverter is realized by connecting two 2-level inverters in cascade. This three-level inverter 
structure does not show the voltage fluctuations of the neutral point, as isolated power supplies are employed 
to power the individual inverters. [3].  
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For many applications, to get many separate DC sources is difficult, and too many DC sources will 
require many long cables and could lead to voltage unbalance among the DC sources [4]. To reduce the 
number of DC sources and semiconductor switches required, when the cascaded  multilevel converter is 
applied to a motor drive, a scheme is proposed in this paper, that allows the use of two unequal voltage DC 
sources and eight switches to generate 7 level equal step multilevel inverter output. Whereas the conventional 
cascaded multilevel inverter requires three equal voltage DC sources and twelve switches to generate 7 
levels. This scheme provides the capability to produce higher voltages at higher speeds (where they are 
needed) with a low switching frequency, which has inherent low switching losses and high conversion 
efficiency. For electric/hybrid electric vehicle motor drive applications, one H-bridges and four switches for 
cascading the batteries for each phase is a good tradeoff between performance, cost and reliability. 
 
 
2. MULTILEVEL CASCADED H-BRIDGES INVERTER STRUCTURE 

To operate a cascaded multilevel inverter using two unequal DC source, [5]  proposed to use the 
first  DC sources (i.e., the battery connected to first H-bridge, H1) as Vdc and the magnitude of voltage of 
second battery as 2Vdc.To understand the concept, consider a cascaded multilevel inverter with two H-bridges 
as shown in Figure 1. The DC source for the first H-bridge (H1) is a battery or fuel cell V1 with an output 
voltage of Vdc, and the DC source for the second H-bridge (H2) is V2 with an output voltage of Vdc/2. The 
output voltage of the cascaded multilevel inverter is:  

 

     tVtVtV 21               (1) 

 
 

 
 

 

Figure 1. Single phase structure of a Multilevel 
cascaded H-bridges inverter 

Figure 2. Multilevel converter output with two 
unequal batteries 

 
 
By giving the triggering pulses to the switches of H1 appropriately, the output voltage V1 can be 

made equal to VdC, 0, or -VdC. while the output voltage of H2 i.e., V2 can be  made equal to 2Vdc , 0,  or – 
2Vdc by giving the triggering pulses to the switches of H2 appropriately. Therefore, the output voltage of the 
converter can have the values, (2Vdc+Vdc), 2Vdc, Vdc, 0, -Vdc, -2Vdc and -3Vdc(-Vdc-2Vdc)  which are 7 
possible output levels. Figure 2 shows the 7 level equal step output voltage waveform [5]. 

The significant advantages of multilevel configuration are, voltage sharing both statically and 
dynamically and it produces better voltage waveforms with less harmonic contents. One particular 
disadvantage of cascaded H-bridges multilevel inverter is that, it increases greater number of power 
semiconductor switches. The work proposed in [6] reduces the number of switches, their gate drivers, 
compared with the existing multilevel inverter counterparts with harmonic profile improvement.  

 
 

3. CASCADED HALF-BRIDGE–BASED MULTI LEVEL DC LINK INVERTER STRUCTURE 
WITH UNEQUAL VOLTAGE SOURCES 

The work proposed in [6] utilizes three batteries and ten switches to generate seven voltage levels 
per phase. This paper proposes a scheme in which only two batteries and eight switches are utilized to 
generate same number of voltage levels per phase and it is shown in Figure 3. 
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Figure 3. 7-level Cascaded multilevel DC link inverter with unequal source 
 
 

The cascaded Multi Level DC Link (MLDCL) inverter with unequal voltage batteries consists of 
half  bridge cells and one full bridge cell. Each half-bridge cell has two switches S1 and S2. They operate in 
a toggle fashion. The cell source is bypassed when S1 is on and S2 is off.  The cell source adds to the DC 
link voltage when S1 is off and S2 is on. The half bridge cell produces DC bus voltage waveform in the 
shape of staircase and the full bridge inverter cell alternates the voltage polarity to produce an AC 
voltage of staircase waveform. Single-phase bridge inverter contains four switches from Sa, Sb, Sc and Sd. 

 
 

Table 1. Switching Pattern For Cascaded H-Bridge Mldci With Unequal Voltage Sources—Seven Level 
 

Levels 
S1 S2 S3 S4 Sa Sb Sc Sd VRL 

1 on off off on on off off on Vdc 

2 off on on off on off off on 2Vdc 

3 off on off on on off off on 3Vdc 

4 off off off off off off off off 0V 

5 on off off on off on on off -Vdc 

6 off on on off off on on off -2Vdc 

7 off on off on off on on off -3Vdc 

 
 

Table 1 shows switching pattern for cascaded H-bridge MLDC inverter with unequal voltage 
sources. Specifically, the MLDCL formed by the 2  half-bridge cells provides a staircase-waveform in the 
dc-bus  voltage  of  3  steps  to  the  full bridge  inverter,  which  in  turn   alternates  the  voltage polarity 
to produce an ac voltage Van   of a staircase shape with 7 levels.  
 
 
4. COMPARISION OF MLDCL INVERTER WITH UNEQUAL SOURCES AND EXISTING 

COUNTERPARTS 
The multilevel dc-link inverter effectively reduces the number of switches and their gate drivers. 

Cascaded multilevel inverter requires 2* (m-1) number of switches and the cascaded MLDCL require only 
(m+3) number of switches. Whereas the proposed MLDCL inverter with unequal voltage sources requires 
just (m+8) switches, Where m takes the values 0, 2, 4, 6, 8,.., for 7, 15, 31, 63,.., switching levels 
respectively. In addition, the new multilevel dc-link inverter saves the cost of the inverter circuit by having 
an additional module of single-phase full bridge inverter. With higher voltage levels, only two switches are 
enough for fabricating each bridge in multilevel dc-link (MLDCL) with four switches in single phase full 
bridge inverter. 
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Table 2. Component Count Comparison—Seven Levels 
Types of Inverter No. of Levels No. of Batteries No. of Switches 

Conventional Multi Level Inverter with equal source voltages 

7 3 12 

15 7 28 

31 15 60 

63 31 122 

MLDCL Inverter with equal source voltages 

7 3 10 

15 7 18 

31 15 34 

63 31 65 

MLDCL Inverter with unequal voltage sources 

7 2 8 

15 3 10 

31 4 12 

63 5 14 

 
 

 
 

Figure 4. Comparison of required number of Switches 
  
 

Figure 4 shows the reduction in number of switches in the MLDCL inverter with unequal voltage 
sources. The number of levels as compared to the Conventional Multi Level Inverter with equal source 
voltages and MLDCL Inverter with equal source voltages the MLDCL inverter with unequal voltage sources 
scheme considerably reduces the number of switches.  

Figure 5 shows the reduction in number of batteries in the MLDCL inverter with unequal voltage 
sources. The number of batteries as compared to the Conventional Multi Level Inverter with equal source 
voltages and MLDCL Inverter with equal source voltages the MLDCL inverter with unequal voltage sources 
scheme considerably reduces the number of batteries. 
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Figure 5. Comparison of required number of Batteries 
 
 

5. MODULATION AND SWITCHING CONTROL 
Generally, traditional PWM control methods and space vector PWM methods are applied to 

multilevel inverter modulation control. The disadvantage of the traditional PWM methods is the power loss 
in the switches due to the high switching frequency [7]-[9]. For these reasons, low switching frequency 
control methods, such as a fundamental frequency method [10], and the active harmonic elimination method 
[11] has been proposed for motor drive applications. This is the simplest switching control method for the 
proposed multilevel motor drive. It also is an effective modulation control method for the proposed 
Multilevel DC l ink inver ter  with unequal voltage sources motor drive. 

The Fourier series expansion of the 7-level equal step output voltage waveform is: 
  

           tnnnn
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Where ‘n’ is the order of harmonic in the output voltage of multilevel inverter. Given a desired 

fundamental voltage V1, one wants to determine the switching angles θ1, θ2, θ3 so that    tVtV  sin1 , 

and specific higher harmonics of  tnV   are eliminated [6]-[8]. For three-phase motor drive applications, 

the triplen harmonics in each phase need not be considered as they automatically cancel in the line-to-line 
voltages. The lower order harmonics can be eliminated by choosing proper values for θ1, θ2 and θ3 in the 
following equations:  
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This is a system of three transcendental equations in the three unknowns θ1, θ2, and θ3. There are 

many ways one can solve for the angles [10], [12]-[14] Here the resultant method [11], [15] was used to find 
the switching angles. The modulation index m is defined as: 
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And the total harmonic distortion (THD) up to the 50th harmonic (odd, non-triplen) is computed as: 
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6. SIMULATION AND EXPERIMENTAL RESULTS 
To validate the proposed MLDCL inverter with unequal voltage sources, a motor drive control 

scheme has been developed. The switches used for this inverter are the IGBTs GT60M303 (Toshiba Make). 
The gating pulses are generated by microcontroller board. A 3-phase induction motor is selected with the 
specifications shown in the Table 3 below. Also motor model is developed using MATLAB Simulink. 

 
 

Table 3. Specification of motor 
S. No. Type of the motor 3-φ Induction motor 

1 Rated Output Power 3700 watts (5 HP) 

2 Rated line to line voltage 415 volts 

3 Rated Current 8.4 amps 
4 Number of Poles 4 
5 Frequency 50 Hz 
6 Rated Speed 1485 rpm 
7 Type of winding Y- connected 

 
 

The parameters of this motor are calculated by conducting No-load test, Blocked Rotor test and 
Retardation test. This motor model is simulated using MATLAB and the simulated results are compared with 
that of practical results. It is found that these two results are very close to each other. Then the motor model 
is simulated with the proposed cascaded multilevel inverter. 
 
 

 
Time  

 
Figure 6. Stator current, motor fed from SPWM Inverter 

 
  

 
 

 

Figure 7. Stator current, motor fed from ML Inverter Figure 8. Output voltage waveform of MLI (3 phase) 
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Figure 6 shows the stator currents of three phase induction motor on no-load fed from 2 level 
inverter. In this figure even though the waveform looks close to sinusoidal, it has distortion. Figure 7 is the 
stator currents of the same motor fed with 7 level inverter. It is observed that the distortion is almost reduced. 
Hence the motor runs smoothly and safely. Fig. 8 is the three phase output voltage of multilevel (7 Level) 
inverter with two unequal voltages. 
 
 
7. EXPERIMENTAL VALIDATION 

To experimentally validate the proposed multilevel inverter, a prototype MLDCL inverter with two 
unequal batteries per phase and 8 IGBTs as switching devices. The fundamental frequency of the inverter 
output is 50Hz. Figure 9 shows the block diagram of the experimental setup. 

 
 

 
 

Figure 9. Block diagram of the experimental setup 
 
 

The microcontroller unit is a PIC 18F8722 microcontroller. It is an 80 pin TQFP package needs 
+12V DC supply for its working and operates at a frequency of 40MHz.  This microcontroller has 128KB of 
program memory, 3936 bytes of data memory and 1024 bytes of data EPROM memory. It also has 9 I/O 
ports and 5 timers. This microcontroller is used to implement the control algorithm (i.e. to generate the gating 
pulses) for switching devices in the MLDCL inverter with unequal voltage sources. The gating pulses 
generated by microcontroller cannot be connected directly to the power semiconductor switching devices. 
Hence the driver circuit is introduced between microcontroller and MLDCL inverter with unequal voltage 
sources. The detailed circuit diagram of this driver unit is shown in Figure 10. 

 
 

 
Figure 10. Gate drive circuit for IGBT 

 
 

The driver circuit consists of an optocoupler (PC 817) to which the gating pulse generated by 
microcontroller is given. This optocoupler is used for isolation purpose. Output of optocoupler is passed 
through a buffer to improve the output drive capacity of the driver circuit so that the switching device can 
turn on quickly without delay. The driver circuit is for only one switching device. MLDCL inverter with 
unequal voltage sources was shown in Figure 3. This inverter circuit has been built using 900V, 60A IGBTs 
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(i.e. CT60AM-18F of Mitsubishi make) as switching devices. These devices have a maximum turn ON time 
of 0.75 μs and turn off time of 0.7 μs. 
 
 
8. CONCLUSION 

This paper developed a Multilevel DC Link Inverter with unequal voltage sources motor drive 
control scheme that required only two-battery source for each phase. A 7-level equal step output voltage 
switching control method has been applied to the motor drive. Multilevel DC Link Inverter with unequal 
voltage sources is simulated using MATLAB Simulink. The hardware prototype is implemented using 
Microcontroller. A seven level-cascaded multilevel DC-link inverter with unequal voltage sources is 
successfully fabricated and tested. The new MLDCL inverter with unequal voltage sources needs least 
number of components than the other counterpart existing multilevel inverters for the same level of output 
waveform. By increasing the number of levels of the Multilevel DC Link Inverter with unequal voltage 
sources switches, gate driver and battery are reduced with better output waveform. 
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