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Magnetic structures 

• Two main different classes: 
– Inductors: energy storage 

– Transformers: coupling and isolation 

• Energy is stored in Non-Magnetic regions 
– air in gapped structures or distributed air gap structures 

(powdered iron cores, moly-permalloy) 

• Magnetics is an easy path for flux (magnetic Bus Bars) 

– Link to other core sections (transformers) 
– Electrical insulation, magnetic coupling through flux 

– Link core to gap for storage (inductors) 

 

• From the basic relation of SMPS              

 

 

by increase of fsw, smaller cores (S, N) can be used with no saturation 
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Ferromagnetic materials  

• Spontaneous magnetization behaviour below a material-specific 
temperature (Curie point)  

• Elementary atomic magnets are aligned in parallel within 
macroscopic regions, called Weiss’ domains, normally oriented so 
that no magnetic effect is perceptible  

• When a ferromagnetic body is placed in a magnetic field and the 
flux density B as a function of the magnetic field strength H is 
measured from H= 0 and B= 0, the initial magnetization curve is 
obtained.  

• At higher field strength, whole domains overturn magnetically and 
finally the magnetic moments are moved into the direction of the 
field until saturation is obtained (all elementary magnets in the 
material are in the direction of the field) 

• If H is now reduced again, the B curve is completely different. The 
relationship between H and B is shown in the hysteresis loop 

• Most used material at high switching frequency : ferrite (MnZn) 



Flux capability and Saturation 

• Full utilization of flux 

capability 
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Buck Inductor 
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Io 
Quadrants 1 

DC Magnetic Field (H) N * Io / lm 

AC Pk to Pk Current 20% DC Typical 

AC Fluxpk-pk (1-D) * Vo / (Fs * Ac *N)  
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2 Transistor Forward 
Transformer 

Quadrants 1 

Magnetic Field (H) N * Imag / lm 

Primary AC Current D1/2 * Ip 
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Vx 

Ip Imag 

Vx 

Ip 



Active Clamp Forward Transformer 

Quadrants 2 

Magnetic Field (H) N * Imag / lm 

Primary AC Current D1/2 * Ip 
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Push-Pull Forward 
Transformer 

Quadrants 2 

Magnetic Field (H) N * Imag / lm 

Primary AC Current D1/2 * Ip 

AC Fluxpk-pk D * Vin / (Fs * Ac *N)  

Vx 

Ip 

Imag 

Ip 

Vx 



Discontinous Flyback Transformer 

Output Power ½ * L * Ip2 

Quadrants 1 

Magnetic Field (H) N * Imag / lm 

Primary AC Current (D/3)1/2 * Ip 

AC Fluxpk-pk D * Vin / (Fs * Ac *N)  
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Continous Flyback 
Transformer 

Quadrants 1 

Magnetic Field (H) N * Imag / lm 

Primary AC Current (D)1/2 * Ip 

AC Fluxpk-pk D * Vin / (Fs * Ac *N)  

AC Fluxpk-pk L * ΔIp / (Ac *N)  
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• PROXIMITY effect 

– Circulating currents with opposite directions in adjacent conductors 
induces current concentrations in the adjacent sides of conductors 

– Again Eddy currents, induced by the current in an adjacent conductor 

– Field in between conductors store energy in parasitic parameter, 
named Leackage Inductance 

 

 

 

 

 

 

 

– Resistance Factor, AC to DC Resistance of conductors Ratio is a 
function of D, of spacing and shape of the conductors in a layer and 
the number of layers in the winding portion 

– Phisically cutting in more portions (i.e interleaving) reduces eddy currents 

 

Copper losses (Parasitics effects) (2/2)  

Additive area for fields  
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• SKIN effect 

– Circulating current induces magnetic field inside wires and 

therefore other parasitic currents, resulting in a global effect of 

current concentrations in the external section of wire 

– Eddy currents: 

–  induced in a conductor by the current in that conductor 

– D=Penetration depth, variable with switching frequency (here 

neglecting harmonics) 

 

 

 

 

 

Copper losses – Skin Effect 
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• CORE Losses 

– Hysteresis (fsw) + Eddy Currents (fsw
2) 

 

 

– K depends on the material and temperature; 2<K1<2.7; 1.2<K2<1.7  

 

– Temperature rise: 

 

 

• COPPER Losses 

– Skin and Proximity effects 

– Resistance increases with frequency for equivalent reduction of wires 
section  

 

Losses in Magnetics 

Core Losses = Pfe= kVe*(DB/2)k1
*fsw

k2 

Copper Losses = Pcu= S R*Irms2 
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Power Losses  

Bsat Bsat*BsatMargin 

Core Loss = kVe*(DB/2)k1
*fsw

k2 

Wire Loss = S R*Irms2 

Wire Loss Core Loss 
Optimum 

Losses 

Turns 
-To Lower Core Losses, Minimize Magnetic Field Variation i.e. Increase Turns 

-But more Turns means Lower Diameter and Longer Winding i.e. Higher Resistance and Losses 



LEAKAGE INDUCTANCE EFFECTS 

LEAKAGE INDUCTANCE IS THE MAIN CAUSE OF POOR 

REGULATION 

LOAD REGULATION, CROSS-REGULATION 

GREATER EFFECT THAN CIRCUIT RESISTANCES 

  POWER LOSS IN SNUBBERS, CLAMPS 

  REDUCED OUTPUT PULSE WIDTH 

REQUIRES HIGHER PEAK VOLTAGE, CURREN 



• Also called a Faraday shield 

• Connect to V+ if turn-off is fastest, to return with 

faster turn-on 

Electrostatic Shielding 
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Modelling of Transformer 

l1            l2 

 

N1                          N2 

 

  Leakage flux  

 Electrical Model 

 Measuring the magnetising         

inductance  

 Measuring parasitic 
capacitance  

 Measuring leakage inductance   

 SPICE Model   



Example of Inductor Design 

 

• We want to build an inductor with the following 

characteristics: 

• L = 185uH 

• DC current = 4A 

• Peak to peak ripple = 1.4A (35% pk-pk) 

• Switching frequency 100KHz 

• ETD platform 



Inductor Design 
Core Geometry Approach (Example) 

• Mechanical structure ETD 

– core gapped in central leg 

 

  

  

 

 



Inductor Design 
Core Geometry Approach (ETD core) 



Example of Inductor Design 
 

• In order to prevent saturation, you have to know (almost) only one 
formula: 
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Where: 

L = inductance 

N = number of turns 

Ipk = DC + ripple current through the inductor 

Bs = peak flux (keep it < 300mT) 

Ae = effective core area 

 

Here we have L=185uH, Ipk = 4.7A, Bs = 300mT, Ae = 76.2 mm2 

Which means: 

turnsN 38



Inductor Design: basic formulas 

 

So, we chose as first shot AL = 128 

 

Now let’s read on the datahseet which gap should we use. 

L = AL * N2 (with N=38, L=185uH) But since: 

2

2
/128 turnsnH

N

L
AL  Where: AL = inductance / square turns  



Inductor Design: material details 



Inductor Design: core choice 

We will keep this value 

for later calculations 

This is the AL value that gives the right inductance 

This is the air-gap we need 

(half core ungapped, the 

remaining gapped 1mm 

Better for high frequency 



Inductor Design 

• So, we chose as first shot: 

• AL = 128 

• Gap = 1mm 

•  μe = 91 

Now let’s check if we are close 

to saturation (we should not, 

theoretically) 
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•Le = effective length of the magnetic path 
 



Inductor Design 

• So, we chose as first shot: 

• AL = 128 

• Gap = 1mm 

•  μe = 91 

It looks like we are close to 

saturation, so we should take a 

higher number of turns and 

increase the gap. 
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Inductor Design: core losses 

Now let’s calculate the core losses: 

The peak to peak ripple is 1.4A, so 700mA peak value (we 

have to consider the peak value for core losses calculations) 
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Where: 

•μ0 = 1.257 E-6 = magnetic field constant 

•μr = μe = 91 (if we are not in saturation) 



Inductor Design: core losses 

   



Inductor Design 

   

20KW/m3 



Inductor Design: core losses 

Core losses calculation result: 

•The Volume of the core is V = 5350 mm3 

 

•The losses per m3 are Pv = 20KW/m3 

 

•So the core losses are Pv * V = 107mW  
 

 

If your switching frequency 

is different from 100KHz, 

use this graph! 



Inductor Design: winding 

•The current is composed of a DC value + a small AC, so we 

will avoid LITZ wire. 

•The window available for the winding is AN=97mm2: 

•The average length of one turn is LN = 52.8mm 

 



Inductor Design: winding 

•Let’s suppose to take only half of the winding, so ~ 50mm2 

•We have 38 turns; the maximum cross section we can 

achieve is 50mm2 / 38 = AS = 1.31 mm2 (= 1.3mm diameter) 
 

•The width of the coil former is 19.4mm 

 

•Result: in theory we can fit 15 turns for 

each layer, in reality we will fit 13 turns 

 

•We will need at the end 3 layers. 

 
•Final isolation: 2 MYLAR 0.05mm layers 

 
•The available height of the coil former is 

(21.5mm – 11.8mm)/2 = 4.85mm…it will fit! 



Inductor Design: winding 

•Now we can calculate the DC 

resistance with: 

Where: 

ρ = resistivity of copper @ 25C = 0.017 

AS = Wire section in mm2 

•This results in a RDC = 26 milli-Ohm 

•The DC losses will be: PDC = RDC * IRMS
2 = 0.42W  
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Since: 

We didn’t calculate on purpose the AC losses since the ripple 

part is small, but will become more important as the inductor 

will be used for DCM or TM: use LITZ or multi-strand. 


