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A huge variety of different concepts for solid state 
transformers (SSTs) has been proposed in recent years. The 
high potential to meet demands of future medium voltage 
grid connected converters and the high flexibility makes 
them suitable for a wide range of applications, e.g. high-
power EV charging.  
 
High insulation requirements between the medium voltage 
input and low voltage output draw focus on the SST’s dc/dc 
converter stage. Beside inductively coupled approaches, 
where insulation is implemented employing medium 
frequency transformers, capacitively coupled structures 
implement capacitors to block the high dc common mode 
voltages of the series connected converter cells. The latter 
seem to be a serious alternative as they could score an 
efficiency improvement of up to 0.5 percentage points 
without an increase in size (cf. Fig. 1) compared to 
inductively coupled solutions. This is achieved by replacing 
the individual cell’s coupling medium frequency transformer 
stage by polypropylene film capacitors. These capacitors 
show very low power losses while at the same time 
maintaining high voltage capability.  
 
Switching time and component mismatches however cause circulating currents within the series connected 
converter cells which need to be suppressed. This challenging task is intensively investigated and solutions 
thereto are presented in the final presentation. In general, the capacitively coupled structures further explored 
in this work (see Fig. 2) will be explained in greater detail as well as design challenges and limitations will be 
highlighted. 
 
A scaled down single cell prototype based on the CC-SST topology given in Fig. 2(a) has been designed and 
constructed (see Fig. 3). 

Fig. 1. Comparative evaluation on relative losses for 

capacitively coupled SST structures and inductively 
coupled approaches. 
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Beside normal operation, the behavior of the addressed concepts in case of transient overvoltages is 
investigated in order to ensure proper insulation coordination of the converter. The apparent voltage 
distribution among the individual components in case of a lightning impulse event is thus analyzed based on 
derived common mode equivalent models and verified in the lab. Several aspects thereto will also be 
highlighted and discussed in the final presentation. 
 
 
 
 
 
 
[1] K. Wallace, G. Mantov, and P. Jordanoff, “High voltage converter with switch modules parallel driving a single 
              transformer primary,” U.S. Patent 11 463 011B1, Oct. 4, 2022. 

  

Fig. 2. Capacitively coupled SST topologies. (a) Non-modular capacitively coupled SST (CC-SST) [1] and (b) 

modular transformerless capacitively coupled SST (TLCC-SST). 

Fig. 3. Down-scaled single cell CC-SST prototype 
(200 V dc input, 200 V dc output, 2 kW). 

Fig. 4. Measured input voltage (vin), output voltage (vout) and                                 

resonant current (ir) for the single cell CC-SST (cf. Fig. 3) in 

DCX operation at nominal load (2 kW). 
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