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WHY BIDIRECTIONAL CHARGING FOR EVS
REQUIRES SPECIAL ATTENTION TO DESIGN

As interest and adoption increase in the electric vehicle (EV)
arena, associated technologies are advancing quickly. Batteries
are becoming more powerful and charging infrastructure is
increasingly robust and efficient. With all these advancements,
EV batteries are good for more than powering cars on the road.

Bidirectional charging capabilities are the next big perk for EV
owners. Perfecting this technology means EV batteries can fuel
vehicles and private homes or local grids. Right now, OEMs are
part of a huge push to make bidirectional chargers resilient
and reliable.
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How Does Bidirectional Charging Work?

When an EV is charging, alternating current (AC) from the grid is converted into direct current (DC)
electricity, which can be used by the vehicle. This conversion can be performed by the vehicle’s
converter, or a converter located inside the charging apparatus.

During this process, semiconductors located inside the converter switch at high speeds to create
a waveform that mimics DC electricity. In a unidirectional charging scenario, diodes continue
sending current forward in one direction—towards the vehicle.

Figure 1 Bidirectional converters (right) are the same as unidirectional converters (left), but the
second phase uses active switches to achieve bidirectionality. Credit: Yole

Replacing diodes with semiconductors, see Figure 1, allows waveforms to be made on the
primary and secondary sides of the converter, so current can flow in either direction—towards
the vehicle or towards the grid. Since semiconductor switching creates so much electrical noise,
and there are so many more of them in bidirectional chargers, ceramic smoothing and filtering
capacitors, like snubber capacitors, are implemented to smooth and reduce all of that noise.

Why Use Bidirectional Charging in the First
Place?

Even with all the excitement, battery economics is a central concern with more devices and
systems on the grid. What happens when the grid gets overloaded? Experts believe that vehicle-
to-grid charging is one way to manage demand-response capabilities.

Bidirectional chargers regulate the flow of electricity in both directions, which allows EV batteries
to charge from the grid and discharge electricity back into the grid to power a home, office, or
appliance during an outage. In other words, vehicles can pick up the slack when grids inevitably
fail due to factors like weather or overload.


https://www.yolegroup.com/
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What are the Greatest Design Challenges
Associated with Bidirectional EV Charging?

To serve their critical function, bidirectional chargers need to comply with local grid requirements,
which vary across localities. Designers are tasked with ensuring communication devices and
circuits can accommodate different voltages (e.g., 230V vs. 110V) and frequencies (e.g., 50Hz

vs. 60Hz) depending on where the driver lives and travels to ensure safe, reliable charging and
discharging.

Since bidirectional chargers send current in two different directions using one circuit, their
components will experience more wear. Wear leads to overheating, voltage spikes, and current
surges that could pose safety concerns. Each component in the system must be designed

for longer device life and a higher number of charge/discharge cycles. Along the same lines,
efficiency becomes a more critical constraint because these chargers experience a higher
number of power conversion cycles than unidirectional chargers.

Adding active switches to the secondary side of the converter for bidirectional charging adds
complexity to the overall design. Components must be carefully selected to handle high power
without compromising safety or reliability. Knowles Precision Devices offers high-quality, ceramic
capacitors to help designers overcome these design challenges in support of more advanced EV
charging.

With the capability to manufacture AEC-Q200-qualified passive electronic components for stress
resistance and expert engineering and design services, Knowles Precision Devices is prepared
to support OEMs offering bidirectional charging capabilities.

For more information on our work in EV charging, see our white paper, Making Electric Vehicle
Wireless Charging a Reality.

Learn More

If you need help selecting from our portfolio please contact us and we can guide
you through the selection process.

2777 Hwy 20 (315) 655-8710 At ol
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