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Abstract- This paper explain that matrix converter (MC), EMI filter and EMI filter weight and volume estimation under different output 
frequency values. Firstly, matrix converter are explained. Matrix converter model and IGBT switches in matrix converter is mentioned. While, 
Input voltage is 220V and output voltage is 170V, the matrix converter drives a 30 kW permanent magnet synchronous motor. But, 
electromagnetic interference (EMI), harmonics and loss performances make essential an input filter. Secondly, an EMI filter is described. All 
components are calculated using the equations for different frequency values. Finally, results show that EMI filter weight and volume is ideal 
for different input and output frequency values. The matrix converter topology with EMI filter is available for aircraft applications, because 
weight and volume of used devices in aircraft application is very important for this area.  
 
Index Terms- Component selection for different frequency values, EMI filter, matrix converter, volume and weight estimation for motor 
drivers.  
 
I. INTRODUCTION 
 
In literature, electromagnetic interference (EMI), 
harmonics and loss performances are basic problems 
for each converter topology. These distortion effects 
and different input frequency cause different weight 
and size of the converters. Researchers have been 
studied on the active AC-AC converters used for low 
voltage drive system for a long time [1, 2]. Very few 
studies have mentioned the EMI issues on converters 
and the design of its EMI filters.  
The Matrix Converter (MC) is a three-phase ac-ac 
power converter. It has been recommended more for 
the next generation industrial motor drive day by day. 
Matrix converter has not the energy storage elements. 
It provide achieve a more compact design as well as to 
increase its lifetime [1]. 
 
The used components in EMI filter effect switching 
performance, efficient and loses, as effected weight 
and volume [3-5]. Li, Zhang and Xu touch on 
conduction loss is decreased by adding a small 
clamping capacitor and two small size commutation 
inductors, soft switching for all switches can be 
realized. Thus the system efficiency can be 
significantly improved. Although using extra 
component supplied soft switching, large EMI filter 
size is undesired event for high devices voltage and 
circuit operational analysis [3]. Silicon insulated gate 
bipolar transistors and silicon carbide MOSFETs are 
compared in [4]. When designing compact model, 
EMI filter volume is important. Compact and smaller 
model is applied on a Class-D amplification system. 
Good accuracy on the [1kHz-120MHz] frequency 
band is ensured [5]. 
 
During the recent years, accidents based on EMI cause 
injuries, loss of lives and property damage for 
aerospace systems. Thus high frequency circuit 
models of EMI filters have become common study for 
aerospace application [6-9]. When a designed EMI 
filter for a Si-SiC Matrix converter for using aerospace 

application analyzes in common mode and differential 
mode in the different frequency ranges are between 
150 kHz to-30 MHz, this filter are not adequate for 
different frequency ranges. So, the importance of 
weight and volume for aerospace applications and 
requirements of different EMI filter for different 
frequency values has become an issue to be 
researched. 
 
In this regard, this paper proposes a detailed design 
procedure for the matrix converter and EMI filter. The 
procedure is based on EMI filter volume and weight in 
different frequency values. The paper is organized as 
follows: Section II presents the matrix converter 
design; Section III presents EMI filter design, Section 
IV the comparison according to frequency values and 
results, lastly Section V is acknowledgment and 
Section VI draws the conclusion. 
 
II. MATRIX CONVERTER DESIGN 
 
Matrix converters achieve three-phase AC-AC 
conversion without any intermediate energy storage 
element. So, they supply higher power density and 
reliability. Switching function (1) and transfer matrix 
(2) are very important modulation techniques of 
matrix converter and they are fundamental of matrix 
converter. 

 
Sio(t) = 1 open

0 closed              
i = {A, B, C}               (1) 
o = {a, b, c}                  
 

[T] =
S S S
S S S
S S S

           (2) 

 
Using 9 back to back IGBT switches, a three-phase 
matrix converter (MC) is consisted that is shown in 
Fig 1. This is direct matrix converter. The back to back 
IGBT switch displays in Fig 2. 
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Fig 1: 9 back to back IGBT switches connected Matrix 

Converter 

 
Fig 2: Back to back IGBT switch 

 
Matrix converter convert from 220 V input phase 
voltage to 170V output phase voltage. Switch 
frequency is 40 kHz and the space vector modulation 
algorithm described in other our studies [15, 16, and 
17]. Without input filter system block diagram 
describe in Fig 3. 
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Fig 3: Without Input Filter System Block Diagram 

 
III. EMI FILTER DESIGN  
 
Passive components have a significant impact on the 
overall converter losses, volume, weight, and lifetime 
due to their physical properties and must therefore be 
considered when comparing different converter 
concepts. Electromagnetic interference (EMI), 
harmonics and loss performances make essential an 
input filter. Although the matrix converter is 
sometimes presented as an all silicon solution, 
DC-link capacitors of traditional indirect frequency 

converters are bulky and expensive. For that reason, 
the input filter needs minimum of reactive 
components. 
An input filter must be used between the MC and the 
AC source. Due to undesired results with each PWM 
cycle and to unwanted harmonic currents must be 
prevented by the input filter. Depend on the 
discontinuous input currents, the matrix converter 
behaves as a source of current harmonics. Unless these 
current harmonics do not reduce, they will affect the 
overall operation of the AC system.  
When reactive storage elements in the input filter use, 
it reduce the harmonics generated for static converters. 
Fig 4 describes PMSM is driven by feeding AC 
sourced and supplied desired results due to EMI filter 
based matrix converter. Three main requirement is 
come across, when the input filter designs for static 
power converters: 

 Perform the required switching noise attenuation; 
 Low input displacement angle between filter input 

voltage and current 
 System stability 
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 Fig 4: System Block Diagram 
 

The matrix convertor needs AC input capacitors (Cf). 
Input capacitors are directly connected at the input 
terminals. The voltage ripple across the capacitor 
requirement, the limitation of reactive power and 
minimal internal energy storage to meet the dynamic 
requirement are constraints for the design of this 
capacitor. The most conservative constraint is the 
voltage ripple requirement in these constraints. The 
voltage ripple across the capacitors must be small 
enough to limit the switching frequency ripple content 
at the motor terminals. At the same time, arranged 
voltage ripple supplies resistant to thermal for proper 
lifetime. 

 

PMSM

 
Fig 5: EMI filter Structure 

In steady state the current by capacitors given by (3) 
equation. (4) equation describe output gain. Here, m is 
the modulation index and θ  is input displacement 
angle. 

 
I = V h 2πf C            (3) 
 
√3/2mcosθ              (4) 
 
Output current is given by (5) and (6). For matrix 

converter efficiently working, the output voltage 
should be greater than %85 or equal. In point of fact, 
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cosθ is 0.85, θ is 32degree and P is 30kW. fin= 400Hz 
and Vphin=220V. Thus Cfmax is found in(7). 

 
I =

h
             (5) 

 
I = I /sinθ             (6) 
 
C =

∗ , ∗√ ∗ h
= 59µF    (7) 

Maximum peak to peak voltage δ 	  dimension to 
Cf. δ 	 may also be used as key input for the space 
vector modulator. Minimum required capacitor is 
found with δ 	 =%20. 

 
C >

√ h 	
= 5.2µF      (8) 

EMI filter capacitor CCM and CDM are keystone in this 
study. CCM is used for leakage current is 3.5 mA in 
literature. C  is found by (9). CDM is selected 
small from C  and 0.5 µF per kVA per phase due to 
a reactive power limit. Thus, CDM is accepted 5 µF.  

 
C =

. h
= 4nF      (9) 

EMI filter inductor can be easily found, because 
frequencies and capacitance values are found. 
Namely, k=CM_i, DM_i, CM_o, DM_o, all 
impedance values are found by (10). 

 
L = √          (10) 

 
Lastly, they are found as LCM_i = 2.38 mH, LCM_o = 
0.73 mH, LDM_i = 3.8 µH and LDM_o = 2.94 µH. 
 
IV. COMPARISON ACCORDING TO 
FREQUENCY VALUES AND RESULTS 
 
EMI filter weight and volume values are 
approximately shown in Table I under 400Hz input 
frequency value and 200HZ, 400Hz, 600Hz, 800Hz 
and 1400 Hz output frequency values.  The estimated 
weight and volume values remained relatively close, 
but the largest filter is occurred when input and output 
frequency values are same. 

However, filter input and output current are nearly 
obtained according to EMI standard from DOI-160. 
Both input filter and output filter are used together, 
these current can be better. But matrix converter with 
just input filter are smaller than matrix converter with 
both input and output filter.  
 

Table I: Matrix converter EMI filter weight and volume 
approximate values according to different output frequency 

 

As shown in Table I, EMI filter whose input frequency 
and output frequency values are different is smaller 
and lighter than same frequency values. Especially, it 
is seen that, when difference between input frequency 
value and output frequency value increases, better 
results are obtained.  
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CONCLUSION 
 
This paper has presented the input EMI filter design of 
matrix converter that drive 30kW permanent magnet 
synchronous motor. The matrix converter model is not 
enough. Because electromagnetic interference (EMI), 
harmonics and loss performances are distortion effect 
for system properly working. The EMI modeling of 
the matrix converter and system, passive component 
design and component calculation are respectively 
described. Furthermore, an approximate estimate on 
the weight of the filter and the volume of the filter for 
different output frequency values have compared. The 
design and comparison results showed that, EMI input 
filter is the largest and heaviest for equal input and 
output frequency values. When difference between 
input frequency value and output frequency value 
increases, better results are obtained. 
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