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Abstract: The modular multilevel converter (MMC) is a core component in the voltage sourced converter based
high-voltage direct-current transmission, and its safe and reliable operation is crucial for ensuring the security of power
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supply. Insulated gate bipolar transistor (IGBT) devices in
converter valves will produce significant electromagnetic
interference (EMI) due to the high du/d¢ and di/dz, which can
easily affect the normal operation of low-voltage control
circuits and even lead to system failures. The gate driver
circuit is directly connected with the highvoltage and large-
current IGBT, and it supplies switch control signals to the
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system. Therefore, it is the most susceptible unit in low-voltage control circuits. The electromagnetic radiation from IGBT devices
and the EMI issues within the gate drive voltage are investigated. First, it is clarified that the distance between the driver circuit and
the power module is much less than the wavelength of electromagnetic waves generated by IGBT switching, thus focusing on the
near-field radiation issues. With the consideration of the complex layout and wiring on the gate driver circuit and the presence of
localized copper plating, it is revealed for the first time that the electromagnetic radiation sources on the gate driver circuit are
composed of electromagnetic sources generated by the switching of IGBT devices and the electromagnetic scattering sources
caused by copper plating on the gate driver circuit, which exhibit characteristics of multi-source interaction. Then, an actual
converter valve sub-module was taken as a research object, and experiments were conducted under various switching conditions to
fully and accurately determine the spatial magnetic field distribution characteristics of the converter valve sub-module in terms of
location, frequency and intensity. In addition, the electromagnetic scattering characteristics on the gate driver circuit and the
induced voltage at the driver signal port under the combined effects of electromagnetic scattering and radiation were also verified.
Keywords: Voltage sourced converter based high-voltage direct-current transmission; modular multilevel converter (MMC);

electromagnetic radiation; gate driver circuit; electromagnetic scattering; induced voltage
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