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Executive summary 

This deliverable D3.3 presents the design and hardware implementation of the laboratory 

prototype of the selected multiport isolated DC/DC power electronic converter in the MoReSiC 

project. Based on the theoretical and simulation assessment of several multiport DC/DC power 

converter configurations employing, the best-performing system has been chosen for practical 

design and implementation in the Power Electronics Lab at NTNU. The selected topology 

consists of two-level full-bridge converters in the primary side and the two secondary sides of 

the converter, which was implemented using Silicon Carbide Metal Oxide Semiconductor 

Field-Effect Transistors. This deliverable presents the procedural steps and crucial system 

components towards the hardware design of the multiport and isolate DC/DC power converter 

for EV charging. Exemplary experimental measurements of the electrical performance, power 

losses and efficiency are also presented and analysed. 
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1. Selected Multiport DC/DC converter configuration 
Based on a thorough theoretical and simulation study, the best performing multiport isolated 

DC/DC converter has been identified. This is the three-port converter consisting of a full-bridge 

(FB) circuit on the primary side, which is supplied by 750 V from the local DC bus of the 

charging station; and two FB circuits connected on the secondary side that can supply an output 

voltage of 400 V each. The galvanic isolation of the three-port converter is achieved by means 

of a high-frequency multiport transformer (T/F). A block diagram of the three-port DC/DC 

converter is shown in Fig. 1 and the schematic diagram of the FB circuit is illustrated in Fig. 2. 

More specifically, the FBs on the secondary side are fed through the two secondary isolated 

transformer windings and their output stages can be connected either in series or parallel. The 

specific connection mode depends by the power and voltage supply requirements to the EV’s 

battery. For example, if an EV with an 800 V battery is to be charged, the outputs of the two 

secondary FBs are connected in series, while higher power requirements enabling fast charging 

imposes the need for parallel connecting the output stages of the two secondary FB circuits. Of 

course, a third option also emerges: the charging of two EVs simultaneously with 400 V, where 

each one is connected across one of the two secondary FB circuits. The various configurations 

can be achieved by controlling the switches S1, S2 and S3 dynamically. The detailed evaluation 

is presented in Deliverable D3.2. 

 

 

Fig. 1: Block diagram of the three-port FB-FB DAB. 

 

 

Fig. 2: Schematic diagram of the full bridge circuit used as the fundamental building block for the 

multiport converter 

 



2. Prototype Design and System Components 
The design parameters of the three-port isolated DC/DC converters are classified and 

summarized in the Tables I-VI below. 

 

Table I: Three-port converter design parameters 

Parameter Value Unit 

Input voltage, Vin 
750 V 

Output voltage on each 

FB, Vout 400 V 

Rated power, P 
10 kW 

Switching frequency, fsw 
100 kHz 

Inductor, L 
67.89 μH 

Maximum junction 

temperature, Tj 100 oC 

 

Table II: SiC Power MOSFETs Parameters – Primary full-bridge 

Parameter Value Unit 

Model number 
NTH4L040N120SC1 - 

Breakdown voltage 
1200 V 

Rated current at 25oC / 

100oC 58 / 41 A 

Package 
TO-247-4 - 

Typical/Maximum On-

state resistance at Tj = 

25oC 

40 / 56 mΩ 

Typical/Maximum On-

state resistance at Tj = 

175oC 

70 / 100 mΩ 

Internal gate resistor 
2.4 Ω 

 

 



Table III: SiC Power MOSFETs Parameters – Secondary full-bridge 

Parameter Value Unit 

Model number 
C3M0015065K - 

Breakdown voltage 
650 V 

Rated current at 25oC / 

100oC 120 / 96 A 

Package 
TO-247-4 - 

Typical On-state 

resistance at Tj = 25oC 15 mΩ 

Typical On-state 

resistance at Tj = 175oC 20 mΩ 

Internal gate resistor 
1.5 Ω 

 

Table IV: T/F design parameters 

Parameter Value Unit 

Primary to Secondary1 

Turns ratio 19:10 - 

Primary to Secondary2 

Turns ratio 19:10 - 

Input voltage/output 

voltages (both the 

secondaries) 

750V/400V V 

Magnetization inductance 
2.4 mH 

Primary / Sec.1 / Sec.2 

Leakage inductance at 

100kHz 

5.92 / 4.19 / 4 μH 

Rated power 
10 kW 

Operating frequency 
100 kHz 

 

 

 



Table V: Gate driver design parameters 

Component Value Unit 

 Gate driver IC 
NCV57000 - 

Positive gate driver 

voltage (Primary 

MOSFET/ Secondary 

MOSFET) 

+20 / +15 V 

Negative gate driver 

voltage (Primary 

MOSFET/ Secondary 

MOSFET) 

-5 / -5 V 

Peak driver current  
7.8 A 

External Turn-on / Turn-

off gate resistor 22 / 10 Ω 

 

Table VI: Other components  

Components Type/model Characteristics 

Heatsink 
LA6/150/24V aluminium 

extruded heat sink from Fischer 

elektronik. 

Rth = 0.175 oC /W 

Microcontroller 

F28379D LaunchPad™ 

development kit for C2000™ 

Delfino™ MCU 

4x 20-pin headers/connectors, 200 

MHz dual C28xCPUs and dual 

CLAs, 1 MB Flash, 16-bit or 12-bit 

ADCs, comparators, 12-bit DACs, 

24 Pulse Width Modulator (PWM) 

channels with enhanced features , 

etc. 

 

 

 

Figures 3-14 illustrates the schematics developed at NTNU for the printed circuit boards (PCBs) designs 

of the converter. These include both the main power circuit, as well as the various auxiliary and control 

circuits.  



 

Fig. 3: Schematic diagram for the PCB design of the primary full-bridge main power circuit. 

 

Fig. 4: Schematic diagram for the PCB design of the gate drive circuit power supplies for one half-

bridge circuit. 



 

Fig. 5: Schematic diagram for the PCB design of the gate drive circuit suitable for one half-bridge circuit. 

 

Fig. 6: Schematic diagram for the PCB design of the gate drive circuit power supplies for the second 

half-bridge circuit. 

 



 

Fig. 7: Schematic diagram for the PCB design of the gate drive circuit suitable for the second half-bridge 

circuit. 

 

Fig. 8: Schematic diagram for the PCB design of the input DC voltage and current measurement circuits.  

 



The secondary full-bridge circuit design is similar to that of the primary full-bridge circuit with minor 

variations (positive and negative gate driver voltages are +15V/-5V, measurement circuit is designed 

according to the DC voltage and current ratings of the secondary full-bridge). Therefore, the schematics 

for the secondary full-bridge are not included here. 

 

Fig. 9: Schematic diagram for the signal connectors on the primary and secondary full-bridge PCBs and 

power supply circuits on the signal conditioning/buffer PCB.  

 

 



 

Fig. 10: Schematic diagram for the signal connectors and the F28379D Launchpad connections on the 

signal conditioning/buffer PCB. 

 

Fig. 11: Schematic diagram for the signal buffer circuits of 6 PWM signals and gate driver status signals 

from one primary half-bridge on the signal conditioning/buffer PCB. 



 

Fig. 12: Schematic diagram for the gate driver status signals from another primary half-bridge and one 

secondary-1 half-bridge on the signal conditioning/buffer PCB. 

 

 

Fig. 13: Schematic diagram for the signal buffer circuits of 6 PWM signals and gate driver status signals 

from another secondary-1 half-bridge on the signal conditioning/buffer PCB. 

 

 



 

Fig. 14: Schematic diagram for the gate driver status signals from two secondary-2 half-bridges on the 

signal conditioning/buffer PCB. 

 

 

Photos of the components: 

                         

                         

 
Sub-module: Top view 

 

 
Sub-module: Bottom view 

 
Sub-module: Side view 1 

 

 
Sub-module: Side view 2 

 



            

                 

Fig. 15: Photos of the various components comprising the three-port isolated DC/DC converter 

laboratory prototype. 

    

 

 

 

 

 

 
Signal conditioning/buffer board with F28379D 

Launchpad 

 

 

 

 

Three-port DAB setup 1 
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Three-port Transformer 
 

Three-port DAB setup 2 

Fig. 16: Photo of the three-port DAB laboratory setup 2 



3. Exemplary Experimental Measurements 
A set of electrical measurements in the three-port isolated DC/DC power converter have been 

performed at various power levels. Figure 17 shows exemplary electrical measurements of the 

voltages and currents across the output of the primary full-bridge circuit and across the inputs 

of the two secondary full bridges. The operating conditions for Fig. 17 are Vin = 750V, Vout = 

400V, Power = 5kW and with parallel-connected secondaries. Figure 18 shows measurements 

of the input and output power, as well as power losses and efficiency at 5 kW of load. 

 

Fig. 17: Exemplary electrical measurements of the three-port isolated DC/DC converter using the 

MSO56B Tektronix 6-channel Oscilloscope. 

 

Fig. 18: Power analyser measurements for the input and output power, voltage and currents, as well as 

power losses and efficiency using the Yokogawa WT1800 power. 



With measurements at various power levels, the efficiency and power losses at these power 

levels are plotted in Figs. 19 and 20, respectively.  

 

Fig. 19: Total converter efficiency at various power levels based on measurements. 

 

Fig. 20: Total converter losses at various power levels based on measurements. 

 

4. Conclusions 
In this report the hardware design of the three-port isolated DC/DC converter was presented in 

detail. The various design parameters have been listed, while the schematics used for the design 

of the PCBs were also presented. Moreover, characterization of the magnetic components (i.e., 



inductor and three-port T/F) are shown in order to give a better overview of their required 

characteristics for this specific converter design. Exemplary electrical measurements at the 

nominal conditions of voltage and at 5 kW are included in this deliverable and demonstrate the 

expected correct operation of the converter. Finally, the software developed for the digital 

microcontroller that controls the operation of the converter is appended in this deliverable. 

5. Appendix 
 

Figures 21 – 27 illustrate the inductor and transformer parameters characterized using Keysight’s 

E4990A impedance analyser. 

 

Fig. 21: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the inductor, measured at various frequencies. 

 



 

Fig. 22: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the transformer primary winding, measured from the open circuit test. 

 



 

Fig. 23: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the transformer primary winding, measured from the short circuit test. 

 



 

Fig. 24: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the transformer secondary winding-1, measured from the open circuit test. 

 



 

Fig. 25: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the transformer secondary winding-1, measured from the short circuit test. 

 



 

Fig. 26: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the transformer secondary winding-2, measured from the open circuit test. 

 



 

Fig. 27: Parallel inductance (Lp), parallel resistance (Rp), series inductance (Ls), and series resistance 

(Rs) values of the transformer secondary winding-2, measured from the short circuit test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The microcontroller code for the F28379D Launchpad was developed using the code composer studio 

(CCS) version 10.4.0. The entire code was organised into separate files for the ease of understanding 

and faster debugging. The various code files are given below: 

 

Main_file_TPDAB.c: 

 



 



 



 



 

 

 

 

 



PWM.h: 

 



 



 



 



 



 



 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SCI.h: 

 



 

 

 

 

 

 



ADC.h: 
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