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This paper presents the design and modeling of a square inductor for its integration in Buck converter 

DC-DC. The first, we calculate the value of inductance. The second, we descript our inductor; dimensioning 

and electrical model. A buck micro converter schematic simulation coupled with ideal and integrated  

inductor was presented. This conceptual model of the buck is best understood in terms of the relation  

between current and voltage of the inductor. Finely, we have simulated the electromagnetic effects in two 

cases. The first case, an inductor in the air, the second case with substrate. Our geometry is created en 3D 

space dimension. 
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1. INTRODUCTION 
 

In Power electronics, modeling of passive compo-

nents constitute a particularly important issue. Indeed, 

the magnetic components, inductors and transformers 

are mainly used to transmit or store energy. The pas-

sive elements volume reduction leads to a mounted in 

operating frequency, but this increase in frequency 

causes an increase in losses. If the behavior of some 

components is relatively insensitive to temperature 

changes, it is not the same thing for magnetic compo-

nents whose characteristics depend strongly on the 

temperature. The losses freed in the form of heat are 

become a major concern due to the reduction of trade 

with the outside surfaces and increasing the density of 

losses. The aim of our work is a dimensioning a square 

inductor that will be integrated in a DC-DC micro-

converter. 

 

2. PRESENTATION OF THE MICRO-

CONVERTER 
 

We have chosen a Buck micro-converter continuous-

continuous step-down (Fig.1) [1-3]. The inductor to in-

tegrate will thus be dimensioned for this type of appli-

cation. Input voltage, Vin  3 V. Output voltage, 

Vout  1.5 V. Maximum current ILmax  0.65 A. Output 

power, Pout  0.6 W. Frequency of operation, f  1 MHz. 
 

 
 

Fig. 1 – Buck converter 
 

The converter operates in two modes of conduction 

discontinuous conduction when the current required by 

the load is low, continuous conduction for higher cur-

rents (Fig. 2). The voltage and current involved are 

relatively low. In order to increase the efficiency of the 

converter, energy losses must be minimized. 
 

 
 

Fig. 2 – Evolution of the voltages and currents with time in an 

ideal buck converter 
 

The average output current Iout is calculated by 

formula (1) 
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Iout  4 A, Iout  IL – IC, IC  0, Iout  IL. The peak am-

plitude of the current through the inductor is calculat-

ed by formula (2) 
 

 max minL L LI I I    (2) 

 

The average current LI  is expressed as follows (3) 
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Where 
 

min max2L out LI I I  , min 0.15LI A , 0.5ALI   and 

0.5out inV V   .  
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The current which flows through the inductor in-

creases according to relation (4) 
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We can calculate the value of the inductance L [2] 

according to relation (5) 
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The maximum energy stored in the inductor is giv-

en by relation (6) 
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The volumetric energy density of the ferrite is given 

by the equation (7) 
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maxB : The maximum magnetic induction supported 

by the ferrite 

r : The relative permeability 

0 : The magnetic permeability of the free space 

The volume of the ferrite is given by relation (8) 
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The ferrite’s thickness is tSub  97 m, thus the vol-

ume will be 32100 2100 97μm  . 

 

3. DIMENSIONING OF THE INTEGRATED  

INDUCTOR 
 

The geometry parameters characterizing the inte-

grated inductor (Fig. 3) are the number of turns n, the 

width of the conductor w, thickness of the conductor t, 

the spacing between conductor s, length of the conduc-

tor l, the outer diameter dout and input diameter din. 
 

 

 

Fig. 3 – Geometry of a square spiral integrated inductor, (a) 

3D view, (a) 2D view 

 

We find in the literature several formulas which al-

low us to calculate the number of turns n according to 

the value of inductance L, we chose the Weeler’s [4-5] 

formula (9) 
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Where, we define the average diameter 

as ( ) / 2avg out ind d d   [6]. mA the factor’s form defined 

as /m out in out inA d d d d   .The coefficients k1 and k2 

are defined for each geometry. For a square inductor 

spiral, k1  2.34 and k2  2.75. 

The spacing between conductors is expressed as fol-

lows (10) 
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The length of the trace is expressed as follows (11) 
 

 4 [ ( 1) ]outl n d n s nw s      (11) 

 

The skin thickness is defined as (12) 
 

 
f





 , (12) 

 

where  represent the resistivity of the conductor,  

Copper  1.710 – 8 m and  its magnetic permeability. 

So that the current flows in the entire conductor, it 

is necessary that one of the following conditions is 

filled,

 

2w 

 

or 2t  , 92.8μm  , 40μmt  , 

120μmw  . Table 1 contains the specifications and the 

design results of the square spiral integrated inductor. 
 

Table 1 – Design results of the square spiral integrated  

inductor 
 

Parameter Value 

Inductance, L (H) 1.5  

External diameter, dout (mm) 2  

Internal diameter, din (mm) 0.4  

Number of turns, n  2 

Thickness of the conductor, t (m) 40  

Width of the conductor, w (m) 120  

Spacing between conductor, s (m) 280  

Length of the conductor, l (m) 0.0116 

 

4. ELECTRICAL MODEL 
 

The equivalent electrical model of the integrated 

inductor [6-10] [15-16] is shown in Fig. 4. 

The series resistance Rs, can be approximated as (13) 
 

 sR l wt  (13) 

 

The parasitic capacitive can be modeled as Cs (14) 
 

 2
0sC t l s  (14) 

 

where, ε0 is the permittivity of free space, 
12 1

0 8.854187.10 Mm .    

 

а 

b 



 

DESING AND MODELING OF AN INTEGRATED INDUCTOR… J. NANO- ELECTRON. PHYS. 7, 02006 (2015) 

 

 

02006-3 

 
 

Fig. 4 – Equivalent electrical model 
 

The substrate capacitance Csub and resistance Rsub 

are approximately proportional to the area occupied by 

the integrated inductor and can be expressed as (15), 

(16). 
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Cox oxide capacitance SiO2 can be expressed as (17) 
 

 0 ox
ox

ox

C lw
t

  
  

 
, (17) 

 

where ,r sub  represent respectively the relative permit-

tivity and the resistivity of substrate and oxt the oxide 

thickness. In our case, 10r  , 645.10 msub    and 

80µmoxt  . 

The geometry of a square spiral integrated inductor 

on substrate [13-14] is shown in Fig. 5. 
 

 

 
 

Fig. 5 – Geometry of a square spiral integrated inductor on 

substrate, (a) 3D view, (b) 2D view 
 

The efficiency of integrated inductor is calculated 

[16-20] according by relation (18)  
 

 
stocked energie

2
dissipated energie

Q   (18) 

Table 2 presents electrical parameters of the inte-

grated inductor. 
 

Table 2 – Electricals Parameters of the Integrated Inductor 
 

Electricals parameters Values 

( )sR   0.04 

( )subR   0.006 

(pF)sC  0.014 

(pF)oxC  0.598 

(pF)subC  0.631 

Q  98.56 

 

Fig. 6 shows the shape of the quality factor as a 

function of frequency. 
 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
6

0

20

40

60

80

100

120

140

160

180

200

Frequency (MHz)

Q
u
a
lit

y
 F

a
c
to

r 
Q

 
 

Fig. 6 – Quality factor Q  from integrated inductor 

 

5. SIMULATION OF THE OF THE MICRO  

CONVERTER 
 

In this simulation, the circuit of Fig. 7 contains an 

ideal inductor and the Fig. 8 shows the waveform of the 

output voltage and current of the Buck micro converter. 

When the switch is closed, the voltage across the induc-

tor is VL  Vin – Vout. The current through the inductor 

rises linearly. As the diode is reverse-biased by the 

voltage source, no current flows through it. When the 

switch is opened, the diode is forward biased. The volt-

age across the inductor is VL  – Vout. The Current 

through inductor decreases. 
 

 

 

Fig. 7 – Schematic of buck micro converter coupled with ideal 

inductor 
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Fig. 8 – Waveforms of voltage and current of buck micro con-

verter coupled with ideal inductor 
 

Fig. 9 shows the schematic of micro converter simu-

lated coupled with integrated inductor. The simulated 

results are indicated in Fig. 10. We observe the same 

result with ideal inductor. 
 

 
 

Fig. 9 – Schematic of buck micro converter coupled with inte-

grated inductor 

 

6. SIMULATION 3D OF THE ELECTROMAG-

NETIC EFFECTS IN A INTEGRATED  

INDUCTOR 
 

In this section, we present the distribution of the 

electromagnetic field in a inductor in the air and on 

substrate [21] using finite elements method [22-24]. 

Fig. 11 shows the distribution of magnetic field in 

the inductor in the air. 

Fig. 12 shows the distribution of magnetic field lines 

in the inductor in the air. 

 
 

Fig. 10 – Waveforms of voltage and current of buck micro 

converter coupled with integrated inductor 
 

 
 

Fig. 11 – Distribution of magnetic field in the inductor in the air 
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Fig. 12 – Distribution of magnetic field lines in the inductor in 

the air 
 

Fig. 13 shows the distribution of magnetic field in 

the inductor on substrate. 
 

 
 

Fig. 13 – Distribution of magnetic field in the inductor on 

substrate 
 

Fig. 14 shows the distribution of magnetic field lines 

in the inductor on substrate. When we insert a sub-

strate, the majority of the magnetic field lines are con-

centrated at the walls of the magnetic block. So, we 

conclude that the substrate layer is required to have a 

good electromagnetic compatibility in the case of the 

integration inductor. 

 

 

 

 

 
 

Fig. 14 – Distribution of magnetic field lines in the inductor 

on substrate 

 

7. CONCLUSION 
 

In this paper, we have presented the dimensioning, 

the modeling and the simulation of a square inductor. 

We have visualized the electromagnetic phenomenon in 

inductor in the air and on substrate. The aim of this 

simulation is to study the electromagnetic compatibility 

of the inductor integrated in Buck micro converter  

DC-DC. 
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