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Partie 3 - Cours Conversion d’Energie
Prof. Elison Matioli

Plan du Cours

• Calcul de pertes

• Calcul de l’éfficacité versus fréquence de commutation

References additionelles: 
Fundamentals of Power Electronics, Robert W. Erickson, Dragan Maksimović,  SECOND EDITION  University of Colorado Boulder, Colorado
Electronique de puissance, Philippe Barrade, presses polytechniques et universitaires romandes
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Need for gate driver:

MOSFET characteristics:
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What is the efficiency of the circuit that you simulated/calculated?
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Introduction de pertes

1. Pertes en conduction: se passe pendant la conduction
• Semiconductor forward bias
• Parasitics: inductances, capacitances, resistances

2. Pertes en commutation: se passe à chaque commutation

Rd

Ron
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Pertes en conduction
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Pertes en conduction
Power dissipated in the inductor

Puissance dissipée (pertes): PL = IRMS
2 x RDC

For small ripple: PL = IDC
2 x RDC
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Pertes en conduction

Power dissipated in the transistor and diodes:
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Pertes en conduction
Power dissipated in the transistor:

• To predict the power loss in a resistor R, we must calculate the root-mean-square current IRMS, rather than the 
average current. The average power loss is then given by RIRMS

2

• If inductor current ripple is small: average model correctly predicts average power loss
• DC (average) model correctly predicts losses in the component non-idealities, provided that the inductor 

current ripple is small.
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Pertes en conduction
Power dissipated in diodes:

The forward voltage can be expressed by: VFM = Vto + rd IFM
Vto and rd are given in the datasheet for each part

Pcond = Vto IF(av)  + rd IF (RMS) 2

IF(av) :  average forward current in the diode
IF(RMS) :  RMS forward current in the diode

In spite of the high operating frequency, the conduction losses remain the main cause of the junction’s 
temperature increase in the majority of the applications. Therefore, it is important to accurately estimate 
these losses.
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Pertes en conduction

Power dissipated in the transistor:
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Pertes en commutation
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Pertes en commutation: MOSFET

Temps pour charger 
le CGD du MOSFET

Temps pour décharger
le Cgs du MOSFET
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Pertes en commutation: MOSFET

Perte en commutation: proportionnelle à la fréquence de commutation
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Introduction: Pertes sur les diodes
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Pertes en commutation: Diode

Under forward bias: 

• substantial amount of charges is stored in the n- region

• Increases conductivity

• Reduces RON
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Pertes en commutation: Diode
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Efficacité versus fréquence de commutation
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Efficacité versus fréquence de commutation
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Exemple: Effet des pertes en conduction sur le convertisseur boost 
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Introduction de pertes
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Introduction de pertes
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Introduction de pertes
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Introduction de pertes
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Introduction de pertes
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Dispositifs de puissance: Wide-band-gap semiconductors
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B.J. Baliga, Fundamentals of Power Semiconductor Devices, Springer 2008

Baliga’s figure of merit

Ron,sp is related to material properties

Wide-band-gap materials
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Synthèse
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