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Abstract* 
 

This paper presents a new class of multilevel inverters based on a multilevel dc link (MLDCL). An 

MLDCL can be a diode-clamped phase leg, or a flying capacitor phase leg; or it can be constructed by 

connecting in series a number of half-bridge cells, each having its own dc source. A multilevel voltage 

source inverter can be formed by connecting an MLDCL with a single-phase bridge inverter. The 

MLDCL provides a dc voltage with the shape of a staircase, with or without pulse width modulation, to 

the bridge inverter, which in turn alternates the polarity to produce an ac voltage. Compared with the 

cascaded H-bridge, diode-clamped, and flying capacitor multilevel inverters, the MLDCL inverters can 

significantly reduce the switch count as the number of voltage levels increases beyond five. For a given 

number of voltage levels, m, the required number of active switches is 2×(m−1) for the existing multilevel 

inverters but is m+3 for the MLDCL inverters. The operating principles of the MLDCL inverters and 

design guidelines are included.  
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Multilevel DC Link Inverters  
 

Digest 
 

I INTRODUCTION 
 

Traditionally, GTO-based two-level inverters were the choice for medium- or high-voltage level 

applications such as motor drives and static var compensation. Multilevel inverters using IGBTs are 

proposed for replacing the GTO-based two-level inverters in medium-voltage applications. Because 

IGBTs can switch faster and have less-demanding gate drive requirements than GTOs, IGBT-based 

multilevel inverters can significantly reduce the size and weight of passive filter components and offer 

better voltage waveforms. As the number of voltage levels, m, grows, the number of active switches 

increases according to 2×(m−1) for the cascaded H-bridge, diode-clamped and flying capacitor multilevel 

inverters [1–7]. 

This paper presents a new class of multilevel inverters based on a multilevel dc link (MLDCL). An 

MLDCL can be a diode-clamped phase leg or a flying capacitor phase leg; or it can be constructed by 

connecting in series a number of half-bridge cells, each having its own dc source. A multilevel voltage 

source inverter can be formed by connecting an MLDCL with a single-phase bridge inverter. The 

MLDCL provides a dc voltage with the shape of a staircase, with or without pulse width modulation 

(PWM), to the bridge inverter, which in turn alternates the polarity to produce an ac voltage. Compared 

with the existing multilevel inverters, the new MLDCL inverters can significantly reduce the switch count 

as the number of voltage levels increases beyond five. For a given number of voltage levels, m, the new 

inverters requires m+3 active switches.  

 
 
II  PROPOSED MLDCL INVERTER TOPOLOGIES 

 

Fig. 1(a) shows a proposed inverter topology, which consists of a multilevel dc source and a single-

phase full-bridge (SPB) inverter. The dc source is formed by connecting a number of half-bridge cells in 

series with each cell having a voltage source controlled by two switches. The two switches, Sa and Sb, 

operate in a toggle fashion. The cell source is bypassed with Sa on and Sb off, or adds to the dc link 

voltage by reversing the switches. Fig. 1(b) illustrates the operating principle. The MLDCL provides a dc 

bus voltage, Vbus, with the shape of a staircase to the SPB inverter, which in turn alternates the voltage 

polarity to produce an ac voltage of the staircase shape, van. The switches, Sa and Sb, can also perform 

PWM if necessary. This topology was introduced in [8] to reduce current ripple for brushless dc motors 

with an extremely low leakage inductance. 
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Fig. 1. A proposed MLDCL inverter based on half-bridge cells. 

 
Fig. 2 shows an 11-level MLDCL 

inverter based on a diode-clamped phase 

leg. Similarly to the half-bridge cell– 

based MLDCL inverter, the diode-

clamped MLDCL provides a dc bus 

voltage, Vbus, with the shape of a staircase 

to the SPB inverter, which in turn 

alternates the voltage polarity to produce 

an ac voltage of the staircase shape, van. 

In a similar way, the flying capacitor–

clamped phase leg can be used to replace 

the diode-clamped MLDCL; this 

alternative will be discussed in the full 

paper. 

 

III  SIMULATION RESULTS 
 

Detailed circuit simulation was 

conducted to verify the inverter operation. 
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Fig. 2. An 11-level MLDCL inverter based on a diode-
clamped phase leg. 

Fig. 3 shows a 9-level half-bridge cell–based MLDCL inverter for powering a permanent magnet 

(PM) ac synchronous motor. The PM motor is designed for hybrid electric vehicle applications with a 
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continuous rating of 30 kW and a very low leakage inductance of 25 µH per phase. The voltage of each 

dc source, Vs, is set at 36 V. Low-voltage MOSFETs, which switch at 20 kHz, are chosen for the cell 

switches because of their low on-resistance, leading to significantly reduced conduction losses. IGBTs are 

used for the SPB inverters and switch at the fundamental frequency.  

Fig. 4 shows simulated voltage and current waveforms when the motor operates at the maximum 

speed of 4000 rpm, where ea, eb, and ec are the back EMFs. Despite the very low leakage inductance, the 

rms value of the motor current ripple is only 3.6 % of the fundamental current, which is 120 Arms. 
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Fig. 3. A 9-level MLDCL inverter powering a PM ac synchronous motor. 

 
IV  CONCLUSIONS 

 

The proposed MLDCL inverters can significantly reduce the switch count as the number of voltage 

levels increases beyond five. One application area for the MLDCL inverters is in PM motor drives with a 

very low leakage inductance. The proposed inverters can dramatically reduce current and torque ripples 

and can improve motor efficiency by reducing the associated copper and iron losses resulting from the 

current ripple. 

For high-voltage applications, HV IGBTs or GTOs, switching at the fundamental frequency, can be 

used in the single-phase bridge inverters; while lower-voltage IGBTs performing PWM may be employed 
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in the MLDCL sources. 

 

 
Fig.4. Simulated voltage and current waveforms at 4000 rpm with Vs = 36V. 
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