
METHODS USED IN ORDER TO INCREASE HIGH FREQUENCY LOSSES IN PLANAR STRUCTURES 

Buletinul AGIR nr. 4/2012 ● octombrie-decembrie 1

  

  

 

METHODS USED IN ORDEMETHODS USED IN ORDEMETHODS USED IN ORDEMETHODS USED IN ORDER TO INCREASE HIGH FR TO INCREASE HIGH FR TO INCREASE HIGH FR TO INCREASE HIGH FREQUENCY REQUENCY REQUENCY REQUENCY 
LOSSES LOSSES LOSSES LOSSES ININININ    PLANAR STRUCTURESPLANAR STRUCTURESPLANAR STRUCTURESPLANAR STRUCTURES    

Lecturer Eng. Adina RACASAN1, PhD, Prof. Eng. Calin MUNTEANU PhD1,  
Lecturer Eng. Claudia PACURAR PhD1,Assis. Eng. Claudia HEBEDEAN PhD1 

 
1Technical University of Cluj Napoca, Department of Electrotechnics and Measurement, Cluj Napoca, Romania. 

 
REZUMAT. REZUMAT. REZUMAT. REZUMAT. Folosirea tehnologiei electromagnetice planare a Folosirea tehnologiei electromagnetice planare a Folosirea tehnologiei electromagnetice planare a Folosirea tehnologiei electromagnetice planare a conduconduconducondus în ultimii ani la reducerea dimensiunilor multor s în ultimii ani la reducerea dimensiunilor multor s în ultimii ani la reducerea dimensiunilor multor s în ultimii ani la reducerea dimensiunilor multor 
dispozitive prin înlocuirea structurilor dispozitive prin înlocuirea structurilor dispozitive prin înlocuirea structurilor dispozitive prin înlocuirea structurilor realizate cu componente realizate cu componente realizate cu componente realizate cu componente discretediscretediscretediscrete    cu cu cu cu celecelecelecele    planare. Printre planare. Printre planare. Printre planare. Printre aceste dispozitive se afla siaceste dispozitive se afla siaceste dispozitive se afla siaceste dispozitive se afla si    
filtrele EMI filtrele EMI filtrele EMI filtrele EMI fiind sfiind sfiind sfiind si ele consi ele consi ele consi ele construite folosind această tehnică. Imbunatatirea performantelor filtrelor EMI realizate cu aceasta truite folosind această tehnică. Imbunatatirea performantelor filtrelor EMI realizate cu aceasta truite folosind această tehnică. Imbunatatirea performantelor filtrelor EMI realizate cu aceasta truite folosind această tehnică. Imbunatatirea performantelor filtrelor EMI realizate cu aceasta 
tehnologie vizeaza doua aspecte, si anume crestehnologie vizeaza doua aspecte, si anume crestehnologie vizeaza doua aspecte, si anume crestehnologie vizeaza doua aspecte, si anume crestereteretereterea pierderilor în înaltăa pierderilor în înaltăa pierderilor în înaltăa pierderilor în înaltă    frecventfrecventfrecventfrecventăăăă    si respectiv diminuarea efectelor si respectiv diminuarea efectelor si respectiv diminuarea efectelor si respectiv diminuarea efectelor 
paraziteparaziteparaziteparazite....    In aceasta lumina, lucrarea de fatIn aceasta lumina, lucrarea de fatIn aceasta lumina, lucrarea de fatIn aceasta lumina, lucrarea de fatăăăă    prezintă un studiu al tehnologiilor caprezintă un studiu al tehnologiilor caprezintă un studiu al tehnologiilor caprezintă un studiu al tehnologiilor care pot fi folosite pentru a creste pierderile re pot fi folosite pentru a creste pierderile re pot fi folosite pentru a creste pierderile re pot fi folosite pentru a creste pierderile 
în înaltă frecventă în structurile planare sîn înaltă frecventă în structurile planare sîn înaltă frecventă în structurile planare sîn înaltă frecventă în structurile planare si i i i modul in care diferitimodul in care diferitimodul in care diferitimodul in care diferiti    parametriparametriparametriparametriiiii    aaaafectează comportarea acestor structuri. fectează comportarea acestor structuri. fectează comportarea acestor structuri. fectează comportarea acestor structuri.     
    
Cuvinte cheie: Cuvinte cheie: Cuvinte cheie: Cuvinte cheie: structuri integrate electromagnetic planar, pierderi in inalta frecventă, analiza parametrica    
    
ABSTRACT. ABSTRACT. ABSTRACT. ABSTRACT. The use of pThe use of pThe use of pThe use of planar electromagnetic technology has led in the last years to the size reduction olanar electromagnetic technology has led in the last years to the size reduction olanar electromagnetic technology has led in the last years to the size reduction olanar electromagnetic technology has led in the last years to the size reduction of many devices by f many devices by f many devices by f many devices by 
replacing the discrete structures with planar ones. Among other devices, EMI filters are replacing the discrete structures with planar ones. Among other devices, EMI filters are replacing the discrete structures with planar ones. Among other devices, EMI filters are replacing the discrete structures with planar ones. Among other devices, EMI filters are also built using this technique.The also built using this technique.The also built using this technique.The also built using this technique.The 
improvement of EMI filters made using this technology targets two aspects, namely increasing the losses at high fimprovement of EMI filters made using this technology targets two aspects, namely increasing the losses at high fimprovement of EMI filters made using this technology targets two aspects, namely increasing the losses at high fimprovement of EMI filters made using this technology targets two aspects, namely increasing the losses at high frequency requency requency requency 
and decreasing the parasitic effects. In this light, thisand decreasing the parasitic effects. In this light, thisand decreasing the parasitic effects. In this light, thisand decreasing the parasitic effects. In this light, this    paper presents a study of technologies that can be used to increase paper presents a study of technologies that can be used to increase paper presents a study of technologies that can be used to increase paper presents a study of technologies that can be used to increase 
HF losses in a planar structure and theHF losses in a planar structure and theHF losses in a planar structure and theHF losses in a planar structure and the    way differentway differentway differentway different    parameters affect the structuresparameters affect the structuresparameters affect the structuresparameters affect the structures’’’’    behavior.behavior.behavior.behavior.    
    
Keywords: Keywords: Keywords: Keywords: planar magnetic integrated structure, hig frequency losses, parametric analysis    

 
1. INTRODUCTION TO PLANAR 

STRUCTURES 

In order to talk about planar structures, one must 
know that these kinds of structures are composed of 
alternating layers of conductors and dielectrics. The 
structure can be included or not in a ferrite core.[1][2] 

Many reasons led to the development of planar 
technology for electronic devices, among them being 
improving high frequency (HF) characteristics, 
reducing size, lowering profile, achieving structural and 
functional integration, lowering manufacturing time and 
cost [1]. 

One must know that these kinds of structures have 
also limitations and depending on the analyzed structure 
and its mode of operation, different parameters must be 
optimized. In our case, because the aim of the study is 
to optimize an EMI filter, the HF losses in the planar 
structures must be increased. In order to achieve our 
purpose, the study will focus on a so-called Original 
Structure found in available literature and presented in 
figure 1.[2][3] 

 
Fig. 1. The Original Structure.[1] 

It is known that in order to increase the efficiency of 
EMI filters higher losses are wanted at high frequencies 
and lower losses at low frequencies. This is different 
from other planar structures like inductors and 
transformers where the losses must be minimized. The 
shape of the conductors in planar structures, amplify the 
skin and proximity effect and lead to higher losses. But 
there are also some other methods to achieve our 
purpose and they are presented as follows. 

2. METHODS AND MATERIALS  

In order to investigate the losses from the structure’s 
conductors, it is essential to understand the meaning of 
some terms. 

The skin and proximity effects are the ones that 
increase the winding losses at high frequency. These 
effects represent two of the main classes of the 
electromagnetic field that exists in conductive 
environments. 

The skin effect is present in conductors through 
which an alternative current flows and consists of a 
lower current density in the middle of the conductor and 
higher current density near its surface. The 
consequences of this effect are: increased power losses 
and increased equivalent resistance of the conductor. It 
is known that at high frequencies, the electromagnetic 
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field penetrates only a superficial layer of the 
conductor, of the same order of magnitude as the skin 
depth’s [4]. 

The penetration depth of magnetic field into the 
conductor, known as skin depth, is defined as: 

 
1

f
δ =

π σµ
 (1) 

Where f is the signal frequency (Hz), σ is the 
conductivity (Sm-1) and µ is the permeability (Hm-1).  

In previous studies, higher losses were achieved by 
nickel plating the copper conductors. Because the 
nickel has a higher resistivity and permeability, the 
losses are increased.  

The modeling of these structures with a 2D 
numerical modeling program of the electromagnetic 
field is justified because the costs and time involved for 

the coductors to be coated will increase and it is 
important for the matter to be studied before it can be 
applied. 

It was considered that the copper conductors can be 
coated with nickel in different ways, but coating all the 
surfaces was excluded considering it is not 
mechanically possible. As for the other structures 
considered for this study, they can be observed in figure 
2, where they are presented along with the Original 
Structure.[3] 

The nickel coating was considered to cover the 
external surfaces of the copper windings in the first 
case, while in the second case it covers the external and 
lateral surfaces.  

 

  

The original structure(SO) 

 

Structure with external winding 
nickel coating (SO-N1) 

 

Structure with external and lateral 
winding nickel coating 

(SO-N2) 

 
 

Fig. 2. Structures consided in this study. 
 

 

3. CASE STUDY 

Study of the original structure (SO) 
The starting point of this study is the original 

structure presented in figure 2. For this structure, the 
losses are calculated with the help of a numerical 
modeling program in the frequency range 100 kHz – 30 
MHz and the results are presented in figure 3. It can be 
observed that the maximum loss value at 30 MHz has 
the value of 1.64 Ω. The part of the structure where the 
nickel coating would be placed is considered to be also 
copper, and it is fed the same way as the windings. 

The next step was to determine how the variation of 
the frequency and the thickness of the copper layer, 
which is placed in the same way as the nickel will be 
plated, influence the losses. In figure 4, the results and 
the 3D graph are presented, and it can be stated that the 
increase of the HF losses with the increse of the 
thickness isn’t noticeable. 

 
Study of the original structure with the external 

nickel platting (SO-N1) 
One of the structures considered in order to increase 

the HF losses is the structure with the windings platted 
with nickel on their exterior surfaces. In this case, the 
losses in the frequency range previously mentioned are 
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presented in figure 5. In this case, it can be seen that the 
losses increased as compared to the ones for the original 
structure at HF, while at low frequencies, they are 
lower. 

 The parametrical analysis of this structure 
considering the frequency and the thickness of the 
nickel layer to be varied is presented in figure 6. The 
losses increase once the nickel coatings thickness 
increases, but the increase is almost unnoticeable. 

 

 
Fig. 3. Structure losses for the original structure in the frequency 

range of 100 kHz – 30 MHz. 
 

  

3D graph coresponding to the variation of the 
frequency and the thickness coresponding to 

the nickel thickness  

 

Values coresponding to the variation of the 
frequency and the thickness coresponding to 

the nickel thickness 

 

 
Fig. 4. Variation of the frequency and the thickness coresponding to the nickel thickness. 

 
 

There were three thicknesses of the nickel coating 
considered for this study, namely 0.025mm, 0.05mm 
and 0.075 mm.  

In previous studies [5], only nickel was used to 
cover the copper conductors. But knowing that nickel is 
a highly conductive metal, some other metals from the 
same category were considered for coating the copper 
conductors of the original structure. 

 
Fig. 5. Structure losses for the original structure with external 

winding nickel coating  

 
Fig. 6. Structure losses for the original structure with external 

winding nickel coating  
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High conductivity materials conduct electrical 
current and they have very low electrical resistivity, 
skin effect is negligible, maximum admissible current 
density must be as high as possible. They also have 
good mechanical properties and are easily processed 
through lamination, wiredrawing, and easy to weld or 
stick. [6] This makes them ideal for achieving the goal 
of this study. 

The high conductivity materials chosen for use in 
this study are presented in table 1. Their parameters are 
taken from the database of the numerical modeling 
program we used. The skin depth for each material 
varies with frequency, as it can be observed in the graph 
from figure 7. 

As follows, the losses for the structure with iron and 
lead coating are presented in figure 8. The losses in the 
structure with iron coating increase with approximately 
10% from the ones for the nickel coated structure. As 
for the structure with lead coating, this will decrease the 
losses, which are lower as the ones for the Original 
Structure. 

 
 

Table 1 

Materials considered in the study 

Material Relative 
permittivity 

(εr) 

Relative 
permeability 

(µr) 

Conductivity (σ) 
(siemens/meter) 

Iron(Fe)  1  4000  1.03E+07 

Lead(Pb)  1 0.99998  5.00E+06 

 

 
Fig. 7. Variation of skin depth with frequency. 

 

  
IRON LEAD 

Structure losses for the original structure with external and lateral 
winding iron coating 

 
Structure losses for the original structure with external and lateral 

winding lead coating 

 
 

3D graph coresponding to the variation of the frequency and the 
thickness of the iron coating 

 
3D graph coresponding to the variation of the frequency and the 

thickness of the iron coating 

 
Fig. 8. Variation of the losses values for the structures plated with iron and lead. 
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Even though iron platting is, theoretically, the best 
solution among the studied ones for increasing losses, 
in practice iron is rather difficult to plate because of the 
multiple oxidation states of iron. That is the motive of 
choosing nickel coatings for our structures conductors. 

 
Study of the original structure with the external 

and lateral nickel platting (SO-N2) 
The last studied case is the one where the structure’s 

windings are nickel plated on the exterior and lateral 
surfaces. In this case, the losses at high frequency 
increase the most and are triple from the value for the 
original structure, reaching a value of 4.01 Ω at 30 
MHz, as it can be seen in figure 9. 

The parametrical analysis of this structure 
considering the frequency and the thickness of the 
nickel layer to be varied is also presented in figure 10. 

 

 
Fig. 9. Structure losses for the original structure with external and 

lateral winding nickel coating  
 

 
Fig. 10. 3D graph coresponding to the variation of the frequency 

and the thickness of the lateral and exterior nickel coating. 
4. CONCLUSIONS 

The purpose of these study was to determine the most 
efficient way to increase losses at high frequency in planar 
structures, considering the plating of the windings with 
different materials and the effect of their parameters on the 
losses values. The results presented in this paper in regard 

to high frequency losses and the parameters that influence 
them were obtained by the authors through modeling with 
a 2D numerical program. 

Starting from the original structure, it was 
demonstrated that coating its conductors with different 
materials affects the losses values. After considering 
different highly conductive metals, it was concluded that 
nickel plating is the best solution, considering that plating 
the conductors with iron is difficult. 

Also, observing the variation of the coating thickness, 
it was determined that for its studied values, the variation 
of the loss values are almost unnoticeable. 
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