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Abstract 

LCL filters are commonly adopted to attenuate the current harmonics produced by Pulse Width Modu

lation (PWM) Voltage Source Converters (VSC). Due to the nature of LCL filters, several combinations 

of L and C can deliver the attenuation required by the standards. The optimal configuration is generally 

evaluated, considering power density, costs, and filter efficiency. This paper shows that semiconductor 

efficiency should also be considered as an important design variable. It is shown that the AC ripple across 

the converter side inductor can reduce, to a certain extent, the overall semiconductor losses, when com

mercial IGBTs and the respective anti-parallel diodes are used. Reduced losses have benefits in terms 

of semiconductor module lifetime, chip area and cost reduction, and simplification of cooling require

ments. Higher AC ripple, however, negatively affect the filter losses. Nonetheless, inductive components 

are typically much less critical in terms of losses dissipation and lifetime than semiconductors. 

Introduction 

Voltage Source Converters (VSCs) are used to interface, among others, renewable energy-based gener

ators, battery energy storage systems, and electric motors with the electrical network [l]. Pulse Width 

Modulation (PWM) techniques for the control of VSCs, intrinsically generate harmonics in the AC out

put terminal. However, the connection to the main network requires compliance to several standards 

that regulate, i.e., the current harmonic limits [2]. In this context, LCL filters are widely adopted for 

the reduction of the high order harmonics. The design of LCL filters has already been widely treated 

in the literature. Methods for defining the boundary values of the filter components and their design 

have been proposed in [3, 4]. Due to the nature of LCL filters, a specific harmonic attenuation can be 

obtained with several values of the inductive and capacitive components; therefore other variables, such 

as cost, weight, volume and power losses, can play a significant role in the selection of the LCL filter 

optimal parameters [ 4]. Furthermore, also the amplitude of the ripple current flowing in the converter is 

defined by the filter parameters. In medium-high power systems, the LCL filter assumes relevant weight 

and size, becoming a key design variable; hence, various studies include efficiency and power density as 

optimization criterion [5, 6]. On the other hand, in previous studies, the direct influence of the AC rip

ple amplitude, driven by the selection of the LCL parameters, in the power losses of the semiconductor 

modules, is often neglected. Therefore, this paper will address the influence of the AC current ripple on 

the semiconductor modules efficiency of VSCs when designing its LCL filter. 

In this paper, a three phase three-wire 100 kW DC-AC converter, as shown in Fig. 1, is taken as a case 

study. The filter parameters are analytically calculated considering the relevant standards, such as the 

IEEE 519-2014 [2], and the losses in the passive components are evaluated through well-established 
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