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Abstract—The integration of electrical components has 

been the subject of many researches. In this paper, we design 

microplanarmonolithic square spiralaanalyzeand -

transformer integrated in a converter Flyback.  

areparameterselectricalandgeometricaltheFirstly,

presented. Secondly, the efficiency of Flyback is calculated to 

verify the performance of the converter. The final part of this 

paper shows the thermal modeling, using the finite element 

method that allowed us to determine the operating 

temperature in the materials of this component. 

 

Keywords— monolithic square spiral planar micro-transformer, 
converter flyback, thermal 

I. INTRODUCTION  

Several studies demonstrated the feasibility of integrated 

inductors on Silicon substrates, huge research efforts have 

been dedicated to their analysis, design, modeling and 

optimization [1-4]. As a result of these efforts, the inductor 

performance has been noticeably improved. Conversely, 

integrated transformers still remain strange components and 

are rarely used. 

In this paper we will design and analyze the integrated or 

monolithic micro-transformer integrated in converter 

Flyback. This component is the coupling of two square 
inductor results. The finite element method has allowed us to 

see the evolution of the temperature in the different parts that 

make up the micro-transformer in 3D. 

II. PRESENTATION OF THE FLYBACK CONVERTER 

We have chosen a Flyback converter (figure 1) because it 

is composed of a transformer. The principle of operation of 

the Flyback is based on the energy transfer from primary to 

secondary through a transformer.  

 

Fig. 1. Schematic of Flyback converter 

 

The main specifications is presented in table I 
 

TABLE I.  MAIN SPECIFICATION 
 

Parameters Values 

Input Voltage [Vin] (V) 14 

Output voltage [Vout] (V) 12 

Output power [Pout] (W) 5 

Duty cycle [ ] 0.5 0.5 

Operation Frequency  (MHz) 100 

III. DIMENSIONING OF THE MICRO-TRANSFORMER 

Dimensioning of the planar Micro-Transformer requires 

sizing the magnetic circuit and the geometrical parameters 

of two wading of our component, primary and secondary [5-
6]. 
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The primary inductance pL  is given by relation (2)
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The operation of passive transformer is based on the 

mutual coupling between two or more conductors, or more 

currently, inductors. An example of an integrated 

implementation it is shown in figure 2 where two inductors 
are intertwined in order to favor their mutual coupling.  
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(a) 

 

(b) 

 
(c) 

 

Fig. 2. Integrated planar micro-transformer , (a) general view, (b) view 

dessu, (c) front view 

 

Primary and secondary turns’ numbers are calculated by 
Mohan’s [7-8] formula (3). The coefficients k1 and k2 are 

defined for each geometry. For a square micro coil spiral, 

k1=2.34 and k2=2.75.
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Where, we define the average diameter as 

2/)( inoutavg ddd  . mA the factor’s form defined as 

inoutinoutm ddddA  / .  

We have taken the same spacing for both the primary and 

secondary windings, sp ww  : 
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The primary and secondary spacing between conductors is 

expressed as follows  
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The primary and secondary length of the trace is expressed 

as follows  

pppppoutpp swnsndnl  ])1([4
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The skin thickness is defined as [9]  
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Where ρ represent the resistivity of the conductor, 

m 8107.1   and     its magnetic permeability. So 

that the current flows in the entire conductor, it is necessary 

that one of the following conditions is filled,
 2w or 2t .  

Table II contains the specifications and the design results of 
the integrated micro-transformer. 

Table II. Design results of the integrated micro-transformer  

Parameter Value 

Outer diameter: outd  500 µm 

Inner diameter: ind  450 µm 

Primary turns: pn  1.75 

Secondary turns: sn  1.25 

Thickness of winding: t  13 µm 

Width of primary winding: pw   20 µm 

Width of secondary winding: sw  20 µm 

Inter-spacing of primary winding: ps  4.2 µm 

Inter-spacing of secondary winding: ss  6. 5 µm 

Length of primary winding: pl  3.2 µm 

Length of secondary winding: sl  2.8 µm 

IV. ELECTRICAL MODEL 

An accurate planar micro-transformer model is desired 

for circuit design (figure 3).  
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(a) 

 

(b) 

 
(c) 

 

Fig. 3. Geometry of integrated micro-transformer on substrate on substrate, 

(a) general view, (b) view dessu, (c) front view 

 

The equivalent electrical model of an integrated planar 

micro-transformer [10] is shown in Figure 4.  

 

Fig. 4. Equivalent circuit of an integrated planar micro-transformer  

 

1. Serial resistance spR and ssR of the primary and secondary 
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2. Serial resistance sACpR and sACsR of the primary and 

secondary 
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efft : is given by the expression; )1( )(  t
eff et 

 
  

3. Coupling capacitance spC  and ssC  of the primary and 

secondary 
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Where, ε0 freeofpermittivityis the space,

.10.854187.8 112
0

 Mm   

4. Coupling capacitance kpsC  between the primary and 

secondary, coupling capacitance kspC  between the 

secondary and primary 
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5. Oxide capacitance oxpC and oxsC of the primary and 

secondary 
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6. Resistances subpR and subsR  associated to the silicon 

substrate of the primary and secondary 
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7. Capacitance subpC  and subsC  associated to the silicon 

substrate of the primary and secondary 
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Table III shows the electrical parameters calculated. 

 
 

TABLE III. ELECTRICAL PARAMETERS RESULTS 

 
Electrical parameters Values 

Primary inductance: pL
 

49 nH 

Secondary inductance: sL
 

36 nH  

Primary serial resistance: spR
 

0.21 Ω 

Secondary serial resistance: ssR
 

0.18 Ω  

Primary serial resistance: sACpR
 

0.48 Ω 

Secondary serial resistance: sACsR
 

0.42 Ω 

Primary resistance of silicon substrate: subpR

 

0.10 Ω 

Secondary resistance of silicon substrate: subsR
 

0.11 Ω 

Primary coupling capacitance: spC  346.59 pF 

Secondary coupling capacitance: ssC  191.86 pF 

Coupling capacitance between the primary and 

secondary: kpsC  

44.83 pF  

Coupling capacitance between the secondary  and 

primary: kspC  

38. 79 pF 

Primary oxide capacitance: oxpC

 

44.83 pF 

Secondary oxide capacitance: oxsC
 

38.79 pF 

Primary capacitance of silicon substrate subpC  38.79 pF 

Secondary capacitance of silicon substrate : subsC  33.56 pF 

Quality factor pQ   43.94 

Quality factor sQ   37.33 

 

The quality factor is defined as the ratio between the 

magnetic power stored and the power dissipated in the 

component (29), (30). Thus, the higher the quality factor, 

the smaller the power lost in the component [11].  
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Figure 5 shows the evolution of the quality factor as a 

function of frequency for the primary and secondary 

winding. 
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Fig. 5. Quality factor of the primary and secondary windings versus 

frequency 

V. THE EFFICIENCY OF FLYBACK CONVERTER 

The efficiency is calculated to see the performance of our 

Flyback converter [12-13]. 
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Transformer losses arise from [14-16]: 

Winding joule losses: Current flowing through a winding's 

conductor causes joule heating. As frequency increases, skin 

effect and proximity effect causes the winding's resistance 

and, hence, losses to increase. 
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Hysteresis losses: Each time the magnetic field is reversed, a 

small amount of energy is lost due to hysteresis within the 

core.  
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Where  andm, are the coefficients depending on the 

size of the material. V is the volume of magnetic core. 

Eddy current losses also called Foucault currents: 

Ferromagnetic materials are also good conductors and a core 
made from such a material also constitutes a single short-

circuited turn throughout its entire length. Eddy currents 

therefore circulate within the core in a plane normal to the 
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flux, and are responsible for resistive heating of the core 

material.  
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Where C and  are the coefficients depending on the size of 

the material. 

The efficiency found is around 71%. 

VI. THERMAL EFFECT IN A PLANAR MICRO-TRANSFORMER 

In this section, we present the temperature distribution in 

our integrated micro-transformer, based on the finite 
element method [17-20]. 

This distribution is obtained by solving the equation (32) of 

heat taking into account certain boundary conditions. 
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For an integrated micro-transformer in the air, the heat 

source can be expressed as (33) 
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Where,V is the volume of our planar micro-transformer .                                                                          

Geometry of this study is created in 3D space dimension. 

Our component consists of four domains. The domain of air 

surrounding our planar micro-transformer. The copper is the 

conductor material, the substrate is in ferrite, and the 

dielectric is in oxide.   

In figure 6, we observe the temperature distribution in 

the planar micro-transformer on substrate. We see from 

these figures that the temperature is about 37 °C. 
  

 
 

(a) 

 

 
 

(b) 

 
 

(c) 

 

 
 

(d) 

 
 

(e) 

Fig. 6. Temperature distribution in the planar micro-transformer on 

substrate, (a) on general, (b) on dessu, (c) on front, (d) on contour, (e) on 

scile 
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VII. CONCLUSION 

In this paper, design and analyze of a monolithic square 

spiral planar micro-transformer for its integration in a 

micro-converter has presented. 

Higher efficiency of DC-DC Flyback using equivalent 

model parameters of transformer was obtained. The 

converter with the integrated transformer shows maximum 

efficiency of 71% for an output power 5 W.  

We have visualized the thermal phenomenon in planar 

micro-transformer based on finite element method. 

The simulation results show that an integrated planar micro

-
transformer realized with substrate allows canalizing the 

magnetic field in the component. We conclude that the 
substrate losses can be minimized. It is also shown that the 

substrate of the monolithic component reduces losses also 

decreases the temperature. 
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