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Abstract:
The design, optimization, and implementation of a high-efficiency 3 kW current source inverter (CSI) using
silicon carbide (SiC) power semiconductors is demonstrated, with a focus on achieving high power density.

The presented design methodology integrates both analytical and numerical techniques to optimize the
inverters passive components, including filter capacitors and the DC-link inductor, power semiconductor
devices and the integrated thermal management system ensuring high efficiency and a compact design. The
optimization process leverages semi-analytical loss models, specifically designed for the most advanced
modulation strategy, providing accurate predictions of power semiconductor conduction and switching losses
and DC-link inductor losses.

Figure 1 displays the basic structure of the investigated three-phase CSI supplied by a buck-stage from a DC
voltage source. The DC-link inductor is split between the positive and negative DC-rails and serves as the
primary energy storage element. By appropriately controlling the buck-stage, a constant DC-link current is
maintained. Using pulse-width modulation (PWM) in the inverter stage, this current is then shaped into arbitrary
three-phase current waveforms at the load. The output capacitors are required for basic operation and filter
the output voltage, thus eliminating the need for additional output filters in this topology.
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Figure 1: Basic circuit diagram of the designed CSI with a buck-stage input connected to a three-phase resistive load. The reverse-
blocking semiconductor switches are built from SiC MOSFETSs arranged in a back-to-back (common source) configuration, and the DC-
link inductor is split between the positive and negative rails.


https://form.jotform.com/250511522263041

The addition of the input buck stage provides flexibility in changing the DC-link current magnitude and
modulation index, resulting in three meaningful operating modes for the whole converter. While for two
operating modes either the DC-link current or the modulation index is kept constant in the third operating mode
a 2/3 PWM approach is chosen. These three operating modes are analyzed in detail and are validated through
experimental tests.
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Figure 2: Idealized curves of the three-phase output current with a load step from maximum current to half of the maximum current. (a)
Operating mode 1: DC-link current is constant and current amplitude is adjusted using modulation index. (b) Operating mode 2: DC-link
current is adjusted accordingly and modulation index is kept constant. (c) Operating mode 3 2/3 PWM modulation.

Based on the design and optimization process, a 3 kW three-phase CSI prototype was developed. A picture
of the prototype is presented in Figure 2. It is capable of operating at a switching frequency of 100 kHz at an
input voltage of up to 500 V outputting a maximum RMS AC voltage of 200 V and has been extensively tested
to validate the theoretical framework developed. The prototype demonstrates a high volumetric power density
of 4.5 KW/L and achieves a peak efficiency of over 98 %. As can be seen from Figure 3, the experimental
results closely match the theoretical predictions for semiconductor switching and conduction losses, inductor
core and AC and DC copper losses, showcasing the effectiveness of the presented design process. Detailed
analysis of switching behaviors and loss mechanisms confirmed the advantages of SiC technology, especially
in terms of reduced thermal stress and enhanced switching performance.
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Figure 3: Prototype of the implemented buck-CSI system Figure 3: Measured efficiency curve (black dots, HIOKI
showcasing a compact, stacked two-board design with an PW8001) of the implemented inverter stage at different
integrated thermal management system and two (split) DC-link modulation indices resulting in different AC output powers at

inductors. a DC-link current of 7 A and switching frequency of 100 kHz.
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