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INTRODUCTION
•
•
•
•
•
•
•

Vehicle-to-grid (V2G) is a technology that allows an electric vehicle (EV) to return power back to the grid
V2G can be useful in regulating the power factor of the grid especially in cases of high voltage charging stations
Vehicle-to-home could be used in emergency outage cases and for supplying homes with power during peak load times
A Totem-Pole Bridgeless Power Factor Correction (PFC) is used for AC/DC conversion while a dual active bridge (DAB) is used
for DC/DC conversion
A 1:1 transformer is used in the DAB to provide isolation between the charger and the grid
Using Matlab/Simulink, a simulation of 120-220 VAC is supplied to the secondary side producing 200-450 VDC at 6.6kW of
power
Using Altium Designer, the modeled EV charger achieved a power factor of 0.9998 and was developed to realize a high power
density
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The Simulink model was defined so that when the AC grid voltage and current are
in phase the power is supplied from the battery to the grid. Therefore, the figure
above shows the V2G capability of the charger.
The PCB design of the charger includes three 120 μH inductors, three H-bridges,
five 100 μF capacitors for the DC-bus, and one more 100 μF capacitor for the
secondary side of the DAB. The component selection and arrangement on the PCB
were designed to obtain the highest power density possible.
The dimensions of the finalized charger are 131 mm x 352 mm x 56 mm, so the
power density can be found by
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The H-bridge PCB layout uses GaN Systems’ GS66516B bottom cooled transistors
and Insulated Metal Substrate (IMS) design for optimized cooling and flatness.

CONCLUSION
The combination of the totem-pole PFC and the DAB topologies
with GaN Systems transistors for switching in the H-bridges is a
viable choice for V2G EV chargers. With a power factor of
0.9998, power density of 2.56 kW/L, and 6.6 kW of output
power, this design performs above the current capabilities of EV
chargers on the market.

The EV charger market power density is generally between 1.2 and 2.2 kW/L, so
the power density of this 2.56 kW/L model is high relative to the market. The
modeled power density is possible due to the high switching frequency of the GaN
Systems transistor.
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