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Abstract— Operation of microgrids requires intensive 
monitoring and control between components through a 
communication network. A harsh signal environment in a 
microgrid might disrupt the communication and lead to 
component failures. Filters are required to protect the critical 
equipment and ensure seamless communication while filters 
could also influence communication signals. This paper analyzes 
the filter effectiveness in microgrid applications, which is 
illustrated by a mismatch between source and load impedances. 
The observed filter includes components’ parasitics and 
imperfect inductor coupling as its nonideal characteristics. Due 
to the converter’s switching frequency, a mismatch between 
source and load impedances, and unintentional inductance in 
the ground wire, reduced attenuation could be expected for a 
filter that is implemented in a microgrid. 
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I. INTRODUCTION

In microgrids, control and monitoring are critical to enable 
effective energy management while ensuring the stability of 
the system. Intensive communication between equipment 
should be established to perform tasks based on the system’s 
real-time condition. However, the harsh signal environment in 
microgrids cannot be avoided due to the presence of nonlinear 
equipment. The disturbances are in the form of 
electromagnetic interference (EMI) sources, which can be 
classified as power electronic interface (PEI), flexible AC 
transmission systems (FACTS), power line communication 
(PLC), and other communication equipment [1].  

One of the EMI that could disrupt the microgrid’s 
operation is conducted emission, which correlates to the 
power quality. To some degree, power quality issues could 
cause malfunction of protection devices, overloading, and 
failure. It is important to protect all sensitive equipment while 
ensuring the desired control and monitoring signals are not 
disrupted by the conducted EMI. Some equipment produces 
noises at a specific frequency spectrum e.g. a 4-quadrant 
frequency converter that increases the common mode (CM) 
current by 40 dB at 40 kHz - 80 kHz [2] or LED operation that 
introduces a noticeable noise at 100 Hz to 10 kHz [3]. There 
are also incidental noises such as a transient current due to 
inrush current or solid-state transfer switches operation [4], 
which could result in additional losses and/or false tripping. 

In microgrids, the operating frequency range of most main 
equipment is usually known, hence, an effective filter could 
be designed for a specific frequency spectrum. On contrary, it 
is important not to attenuate the frequency spectrum that is 
utilized for communication within the system. For example, 
utilization of PLC at a certain frequency spectrum for data 
transmission. Therefore, the noise’s frequency spectrum has 
to be carefully specified prior to designing a filter. 
Furthermore, taking into account the effect of nonideal 
behavior and parasitic components is critical to avoid 
unintentionally passing the undesired signals.  

A power line filter (PLF) practical design procedure is 
proposed in [5]. In [6], a T-shape filter was studied to analyze 
the practical limitation of choosing the inductor and capacitor 
for the filter. Design optimization of CM inductor with 
considerations of its magnetic material saturation and 
influence of switching frequency was proposed in [7] and [8]. 
The use of impedance characterization method to improve 
filter design accuracy is proposed in [9]. Emphasizing the 
source and load impedance mismatch, this paper focuses on 
how the filter effectiveness is affected in microgrid 
applications. The observed filter includes nonideal parameters 
i.e. parasitic elements and imperfect CM inductor coupling.
Furthermore, the effect of source and load impedance
mismatch is observed to illustrate the condition of a microgrid. 
Section II and III elaborate the PLF equivalent circuit and its
current frequency response. Section IV analyzes the influence
of source and load impedance mismatch. Section V discusses
the effectiveness of PLF in an illustrated microgrid
environment and the considerations of improving filter
effectiveness. Section VI describes concluding remarks and
suggestions for future research.

II. POWER LINE FILTER MODEL

The equivalent circuit of an ideal typical PLF (Fig. 1) is 
adapted from [10] and further modified with additional 
parasitic elements (Fig. 2). The circuit is modeled and 
simulated in LTSpice. Suppose the PLF is connected to one of 
the inverter phases within a microgrid and assuming the PLF’s 
line-ground and neutral-ground are symmetric, the base values 
used for the simulations are as follow, 
 CM choke inductor, L = 6.4 mH
 Capacitors between line-ground and neutral-ground wires,

CCL = CCR = 0.47 µF
 Capacitors between line-neutral wires, CDL = CDR = 6.8 µF
 k = 0.8, L1 = L2 = L, then M = 5.1 mH (M = k L1L2 [10]).

The inductors’ specification was based on common mode
coils 21NV/NH series, SSR21NV/NH-20064, KEMET 
Electronics Corporation. The capacitors’ were based on film 
EMI suppression capacitor, B32922H3474 and 
B32922H3685, TDK Electronics AG. The inductor’s 
capacitive parasitic (Cpar) and the capacitor’s inductive 
parasitic (Llead) were calculated using the following equation 
(1) [10], with the value of L, C, and f0 provided in datasheets.

f0_ind =
1

2π LCpar

 ;   f0_cap =
1

2π LleadC 

The parasitic resistances (Rpar-s, Rpar-p, and Rplate) were 
obtained by tuning the values using LTSpice to match the L 
and C impedances throughout its frequency spectrum as 
specified in the datasheets. The inductor and capacitor 
equivalent circuits and its frequency characteristics are shown 
in Fig. 3 and Fig. 4, which are based on values in Table I.  



For the initial observation, it was assumed that LGW = 0 
(PLF without ground wire inductor) and 50 Ω source and load 
impedances were used (RS = RL = 50 Ω). The filter 
performance was assessed in LTspice to show the suppression 
of common and differential mode currents (ICM and IDM). 
Furthermore, different values of both impedances were also 
observed to illustrate the microgrid condition. 

Fig. 1. Ideal power line filter equivalent circuit 

Fig. 2. Power line filter common and differential mode equivalent circuits 
with parasitics 

(a) (b)

Fig. 3. (a) L and (b) C equivalent circuit with parasitics 

Fig. 4. L and C impedance characteristics used in PLF simulations 

TABLE I. PLF COMPONENT VALUES 

Inductor 
Datasheet Calculated/approximated

L (mH) f0 (kHz) Cpar (pF) Rpar-s (Ω) Rpar-p (kΩ) 
6.4 600 10.99 60 20

Capacitor 
Datasheet Calculated/approximated

C (µF) f0 (MHz) Llead (nH) Rplate (mΩ) 
0.47 2.5 8.62 0.02
6.8 0.4 23.28 0.01

III. PLF FREQUENCY RESPONSE

Current flowing in common and differential mode (DM) 
equivalent circuits throughout the frequency spectrum are 
shown in Fig. 5. The common and differential mode currents 
(ICM and IDM) started to decrease because the impedances of 
the parallel capacitors were lower at high frequency, hence 
more current flowing through the capacitors (CCL, CCR, CDL, 
CDR) instead of going to the load (RL).  

In CM equivalent circuit, most current above 2 kHz flowed 
through CCL. Moreover, the remaining current that went 
through L and Cpar, mostly went to the ground through CCR, 
hence only a small part went to RL. In DM equivalent circuit, 
current with a frequency above 0.2 kHz mostly went through 
capacitor between phase and neutral (CDL and CDR). IDL,R is 
higher than ICL,R because CD > CC, hence lower CD impedance 
at the higher frequency.  

The attenuation of ICM and IDM, in terms of insertion loss 
(ILCM and ILDM), at 10 Hz - 10 MHz is shown in Fig. 6. The 
result showed IL above 100 dB, which in practice is difficult 
to measure or unlikely to happen due to other nonideal 
situations e.g. imperfect mounting and/or nonideal fabrication 
processes. Although the approximated impedance 
characteristics from the datasheet were used (Fig. 4), those 
nonidealities might be over underestimated since the best 
test/measurement condition was done to obtain the best 
performance of the component. Therefore, a deviation should 
be expected in the complete PLF performance. However, 
these theoretical results could still be used to analyze the 
correlation between impedance mismatch to PLF 
effectiveness as intended in this paper. 

Fig. 5. Common and differential mode current frequency response within 
the PLF 

Fig. 6. PLF insertion loss of common and differential mode current 



In CM equivalent circuit, the resonance frequency, f0, at 
2.5 MHz were caused by the resonance of CC with its parasitic 
element. While in the DM equivalent circuit, the peaks at 200 
kHz and 2.5 MHz were caused by the resonance of CDL and 
CCL with its parasitic elements, respectively. At f0, ICM and IDM 
were highly attenuated because most of the current flow 
through the parallel capacitors. There was also another peak at 
1 MHz in DM equivalent circuit, where IDM and the current in 
all parallel capacitors shot up. This was caused by the 
resonance between CC and CD. 

Adding inductor, LGW at the ground wire was intended to 
block ICM. Fig. 6 shows that adding a ground wire inductor 
(2LGW = 6.4 mH) increased the slope of the ILCM increment 
(dotted blue line) at above 2 kHz. The way the ground wire is 
configured/mounted is critical as studied in [11]. It showed 
that with improper mounting configuration, the designed filter 
attenuation would be undermined. 

IV. SOURCE AND LOAD IMPEDANCE MISMATCH

Simulations were also performed for different sets of 
source and load impedances to illustrate a microgrid 
condition. The IL of PLF without and with ground wire 
inductor at different values of RS and RL are shown in Fig. 7 
and Fig. 8, respectively. Using a fixed value of 50 Ω for RS 
(RL), a combination of 0.5, 5, 50, and 500 Ω of RL (RS) were 
simulated. There were 3 important parameters that influence 
the trend of IL, i.e. source and load impedance mismatch 
(α = RS/RL ≠ 1), total source and load impedance (RT), and the 
frequency in which the influence of the previous parameters 
gave opposite effect (ft). In this case, compared to a 50/50 Ω 
source and load impedances (RT = 100 Ω), the trend of IL is 
summarized in Table II. 

TABLE II. INSERTION LOSS TREND OF PLF WITHOUT GROUND WIRE 
INDUCTOR UNDER DIFFERENT SOURCE AND LOAD IMPEDANCE MISMATCH 

Higher RS-RL 
mismatch 

Lower RS-RL 
mismatch 

Above ft 
RT >100 Ω IL ↑ IL ↓ 
RT <100 Ω IL ↓ IL ↑ 

Below ft 
RT >100 Ω IL ↓ IL ↑ 
RT <100 Ω IL ↑ IL ↓ 

Compared to a relatively big grid, the source impedance 
(hence the total impedance) is expected to be higher in 
microgrids. Therefore, compared to 50/50 Ω source and load 
impedances, the attenuation at high frequency of a PLF 
without a ground wire inductor is expected to be higher if it is 
implemented in a microgrid. Higher impedance mismatch 
resulted in a higher IL and lower impedance mismatch 
resulted in a lower IL. 

At a high impedance mismatch, there is a maximum value 
of IL that can be achieved. To simplify the analysis, using an 
ideal phi-shape filter equation as derived in [12], it showed 
IL~

RSRL

RS+RL
, hence, the limit of maximum IL at above ft can be 

estimated as in (2). 

lim
RS→∞

RSRL

RS+RL
 ≈ RL 

It means that, including all nonideal characteristics, the 
maximum IL that can be achieved is limited by the value of 
RL. Or in other words, at a certain RL, there is a maximum IL 
regardless of how high the RS is. Moreover, the value of ft 
could be estimated, which is when condition (3) complies. RS 

is the source impedance of reference PLF (in this case, 50 Ω) 
and R’S is the actual microgrid source impedance. 

IL RS, ft  =  IL R'S, ft  

Fig. 7. Influence of source and load impedance mismatch to the insertion 
loss of the PLF without ground wire inductor 

Fig. 8. Insertion loss comparison of PLF with different ground wire 
inductor under different source and load impedance mismatch 

In the case of PLF with a ground wire inductor, the IL 
trend under different source and impedance mismatches 
showed a similar trend with PLF without a ground wire 
inductor at the frequency below ft, as listed in Table III. There 
was a critical ground wire inductance value, where the IL 
showed the opposite trend, which was occurred at a very small 
value of L (in order of µH).  

TABLE III. INSERTION LOSS TREND OF PLF WITH GROUND WIRE 
INDUCTOR UNDER DIFFERENT SOURCE AND LOAD IMPEDANCE MISMATCH 

Higher RS-RL 
mismatch 

Lower RS-RL 
mismatch 

RT >100 Ω IL ↓ IL ↑ 
RT <100 Ω IL ↑ IL ↓ 

V. DISCUSSION

The simulations show that the components’ parasitic 
reduces the noise current suppression at high frequency, 
which is typically worse above the f0 of the shunt capacitors. 
The f0 is usually given in the component’s datasheet, but it 
could also be calculated using (1) [10]. Having 2 or more 
parallel capacitors introduces an additional peak in between f0, 
where the current suppression becomes low. 

In microgrids, the system is most likely to have higher RS, 
hence for a PLF without a ground wire inductor, a better IL 
and its maximum values at above ft could be estimated. 
However, the presence of inductance in the ground wire could 
reverse the trend, in which IL becomes lower with higher RS. 
This is most likely the case because this happened at a small 
value of ground wire inductance, which could be caused 
unintentionally, e.g. coiling ground wire.  



Additionally, as studied in the previous works, a higher 
PEI switching frequency could also lower the PLF 
effectiveness. Nonideal inductor saturation curve should be 
taken into account because it is affected by the PEI switching 
frequency that is connected in the same system. A higher 
frequency current due to PEI high switching frequency results 
in a lower inductor’s µr [13], hence lowers the inductance. 
Therefore, a higher switching frequency reduces the PLF 
effectiveness [7].  

Lower PLF attenuation could be expected when it is 
implemented in a microgrid. Improving filter effectiveness by 
using bigger components was not always the best solution. It 
is better to carefully analyze the system’s significant noise 
frequency to determine the required PLF response, hence, the 
use of a bigger L and C could be avoided. In many cases, it is 
difficult to identify the noise spectrum before everything is up 
and running. However, in a microgrid, the switching 
frequency of each PEI could be identified and used as a 
consideration for the initial design. This does not necessarily 
eliminate the need for tuning at the later design phase, but still 
could be used as a good starting point.  

Moreover, PLF effectiveness could be improved by 
implementing a ground wire inductor, using higher µr core 
material for common mode choke, and implement a multi-
section filter (adding another LC leg). With an additional LC 
leg, smaller components can be used. However, it has to be 
carefully chosen so it will not end up giving lower attenuation. 
To further improve filter effectiveness, bigger L and/or C 
could be used.  

Arising drawbacks due to parasitic elements need to be 
considered. Higher L improved overall attenuation and 
broadened the frequency spectrum between f0 of the inductor 
and capacitor, but it increased losses, cost, and weight. Higher 
C could improve attenuation at a lower frequency, but the f0 
was shifted to a lower frequency, which means the filter 
effectiveness upper-frequency limit was reduced. 

VI. CONCLUSION AND RECOMMENDATION 

This paper observed the attenuation of PLF in microgrid 
applications, which was illustrated by source and impedance 
mismatch. The PLF is modeled in LTspice using 
approximated L and C component characteristics from the 
datasheet. There are 3 important parameters that influence the 
PLF attenuation trend, i.e. source and load impedance 
mismatch, total source and load impedance, and the frequency 
in which the influence of the previous parameters give the 
opposite effect. 

In microgrid applications, the PLF is expected to exhibit 
lower attenuation due to high source and impedance 
mismatch, difficulties in implementing a proper filter 
grounding, and high switching frequency of connected PEI. 
Therefore, improvement should be made to achieve the 
desired attenuation. Improving PLF effectiveness should be 
done by first identifying the major potential noise frequency 
spectrum and consequently determine the components’ size 
and configuration.  

In microgrid applications, it is difficult to ensure the 
proper filter grounding. Therefore, special care has to be taken 
to make sure the most suitable yet possible grounding 
configuration is implemented to prevent undermining the 
designed filter effectiveness. Additionally, identifying the 
source and load impedances of a microgrid to estimate the 

trend of IL is useful for further tuning/modification of the 
PLF. 

From this paper, the following are suggestions for future 
improvements and research. 

 Detailed analysis on ground wire parasitics and 
influence of CM inductor saturation. 

 Complete mathematical modeling of PLF insertion 
loss including parasitics elements. 

 Identification and measurement of a complete filter 
parasitics. 
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