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Abstract

DC transformer (DCT) is the core equipment of the DC grid and is used to connect DC grids
of different levels. In both domestic and international DC distribution network demonstration
projects, DCTs with input-series-output-parallel (ISOP) structure is frequently used to connect
medium and low voltages. ISOP DCT typically has low power density due to the large number of
power units and the large insulation gap. In this paper, a DC transformer with series connected
SiC MOSFETs is presented. Through integrated packaging and centralized isolation transformer,
the insulation gap and the quantity of passive components are significantly decreased, thus, the
power density is increased.

Firstly, using active clamping balancing method, power devices can achieve both dynamic
and static voltage equalization. Each SiC MOSFET is connected in parallel with an active
clamping module (ACM)), the voltage balance of series devices is changed into the voltage balance
of clamping capacitors. Analyzing the clamp capacitor's charging and discharging phases to
determine the discharging time required to keep voltage balancing. Besides, the key electrical
parameters (voltage, power level, excitation inductance, etc.) of the DC transformer and the
related parameters of ACM (discharging time, clamping capacitance, etc.) are designed and
verified by simulation.

6 series connected SiC MOSFETs, together with their ACMs, driving and control circuits are
integrated into a single 7.2kV/75A series-connected module to decrease the size of the power unit
and boost the power density of the DC transformer. The series-connected module's thermal design
and test have been completed. The junction temperature of the power device is less than 70°C
when operating under the main power device's rated loss (21W). To carry out experimental
verification of the ACM parameter design, a DC transformer with series-connected devices is
constructed. The voltage balancing test of series module has been finished under its rated voltage
5kV. The imbalance degree of the series devices inside is less than 5%, and the module can be
compared to a single 5kV power device with a driver. The power test was completed at
2kV/16.67kW, each bridge arm is composed of two modules in series. Experimental results show

that voltage balancing can be achieved between power devices and series modules, and the voltage
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unbalancing degree is less than 5%. It is verified that series module can be scaled in higher voltage

application.

Key words: Medium voltage DC transformer; Series-connected module; Voltage balancing; SiC

MOSFET
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Capacitance Change versus Bias Voltage
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Figure 1. Reinforced Isolation Capacitor Life Time Projection
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