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Abstract
Hybrid Electric Vehicles (HEVs) that have both a DC-DC converter and three phase inverter have four pairs
of switches, usually IGBTs, that are the sole means of controlling vehicle speed and torque when the HEV is
in the electric drive mode only. These switches are also the primary source of heat generation in HEV power
electronics and high frequency electromagnetic noise that can propagate throughout the vehicle as
conduction currents and electromagnetic waves and interfere with vehicle control. Harmonics of the ripple
voltage from DC-DC converters are also a source of electromagnetic noise. The aim of this tutorial is to
describe the sources of EMI in hybrid vehicles, how the EMI can affect vehicle operation and how shielding,
grounding and filtering may be used to avoid EMI problems. Contrary to popular opinion, these topics can
and will be addressed as scientific disciplines, not black art. Only lumped circuit models are addressed.
Topics which will be presented:
• Conduction current cross-talk
• Electric field and magnetic field cross talk
• Determining if noise is due to magnetic field or electric field coupling
• Frequency spectrum from IGBT switching
• Using grounding, shielding and filtering to reduce EMI in hybrid vehicles.
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