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ing sales,

but vehicle safety and reliability will

ensure long-term viability

Innovative power architectures using power modules provide power redundancy and improve overall safety

and system performance By Patrick Kowalyk, Automotive FAE, Vicor

Sales of electric vehicles continue to
grow globally. March 2023 saw combined
(BEV and PHEV) sales of over 322,000
plug-in electric vehicles registered across
Europe, a 29% year-on-year increase.
Furthermore, battery electric vehicles show
a 44% year-on-year increase and account
for a 169% share of all cars sold in Europe.!
These figures are good news for all
vehicle manufacturers after the dismal car
sales during the 2020-2021 COVID-19
period. The rebound in overall sales and
the significant rise in EV sales bodes well
for the future. Still there remains consumer
reticence around charging infrastructure
and battery range. In response,
manufacturers already have second-
generation EV models in production
addressing consumer concerns.

Trends shaping the second generation

of electric vehicles

There are several trends worth noting.

1. Improving charging time and reducing
vehicle weight. Weight directly
influences an EV's range. Therefore,
anything that reduces vehicle weight
increases the payload and its maximum
range.

2. Removing the traditional 12V DC
primary battery offers significant weight
advantages. Today reducing its size or
removing it altogether are options.

3. Migrating to a 48V zonal networking
architecture reduces the need for bulky,
heavy and costly 4 gauge wire
harnesses. Similarly, the move to a 48V
architecture for secondary equipment
(heated seats, seat movers, etc.) also
benefits from reducing cable size and
weight.

4. Upgrading from 400V to 800V battery
voltage is being quickly adopted. This
trend enables reduced cable weight and
charging time but requires upgrading
the charging post infrastructure to
support both voltages.

Still, there are other important safety and

reliability enhancements needed. There is

no escaping the fact that since a BEV
derives all its power from a single source—
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the high-voltage traction battery— any
interruption to it is more than
inconvenient, it can pose serious safety
hazards. So while creature comforts may
be captivating consumers and stimulating
new sales today, long term viability of the
EV platform is dependent on sound safety
protocols being designed into the vehicle.
In an all-electric automobile power
redundancy is essential.

Designing-in power redundancy is

essential to safety and reliability

The addition of a redundant source of

energy in an EV ensures safety and

reliability for its driver, passengers and

other road users. Redundant power is

required for three load types:

m Steering, braking and safety sensor
systems

m Always-on vehicle network (CAN bus,
Ethernet, etc.) communication

m Non-essential loads that can be turned
off during critical power situations

For example, EV power architects could

achieve an 800V traction battery source by

connecting two 400V battery packs in

series, with each battery configuration

having a separate DC-DC (400V to 800V)

converter. This configuration (Figure 1) is
called a Dual-400V series-stacked system.

Some manufacturers are presently using
the Dual-400V series-stacked system for
several reasons. The primary reason is that
charging with a 400V charger is easier
because many installed public chargers are
not 800V compatible. Today, as new
chargers are installed, they can support
both 400V and 800V batteries. The
second reason is that if a manufacturer has
already designed and qualified a 400V
battery pack, it is faster and easier to add
two packs in series.

Another approach is the Dual 800V
parallel battery configuration (Figure 2)
that involves using two 800V batteries in
parallel. Again, two separate DC-DC
converters provide redundancy.

There are trade-offs with both

configurations.

When using a Dual-400V series-stacked
system these are the drawbacks to
consider:

m The 400V DC-DC converters need more
clearance to chassis ground as the
topmost DC-DC converter is at 800V.

m The center tap between the two 400V
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Figure 1 — Dual-400V series-stacked system Connecting two 400V battery packs in series with
separate DC-DC converters in a stacked architecture allows lower-voltage operation and splitting the

load to two or more strings

(Source: Vicor)
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picture.
The many faces of power
redundancy—which is best?
Implementing redundancy can be done in
a number of ways (Figure 3). The load can
be shared across two or more DC-DC
converters, with the ability of a single
converter to take up the entire load should
one of the power sources or converters
fail. Redundancy can take several forms.
Look at the entire power chain from the
0 source to the load and ask; If there would

Wour Lo be a failure at this location or portion of
& DC-DC the circuitry,
T m What would be impacted?

m Will the vehicle still drive?

m \What functions will not work?
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Figure 2 — Dual-800V parallel battery configuration. This configuration, allows for lower-current The objective is to be able to continue the
operation and an easier method of implementing an N + 1 redundancy (Source: Vicor)  driving journey or be able to safely exit the
highway off-ramp.
battery packs needs to be accessible on compatible with both 400V and 800V, Redundancy in a DC-DC converter can
the high voltage connector. which illustrates further market pull toward take many forms (Figure 3). Some
m An imbalance of two series connected 800V. examples are N+ 0, N +1, 2N + 1, etc.
400V battery packs may cause the Different factors may preclude choosing Each configuration has advantages and
regulator to enter in an overvoltage one approach over another, but in most disadvantages in terms of size, cost and
protection mode condition, interrupting cases the Dual-800V battery configuration complexity. A careful study needs to be
the power supply period. is preferred for one simple reason. In this performed for each vehicle’s architecture.
system, the power modules make it easy By using a bidirectional DC-DC converter
The advantages of the system are: to build in redundancy by using the and separating the loads of the vehicle,
m If one string fails, the other string will pick  batteries in parallel. This enables a second power can be passed from one zone to
up the load. power path to the load in the event of a the other. Passing the power through a
m The components of the system have short, protecting the system from total shut  regulator provides a solid source to power
lower voltage ratings and are therefore down. the load or even charge a battery.
less expensive. There are weight and range However, today's current converter
m |t is easier to create a 24V output by considerations in addition to the demand technology is not capable of making DC-
connecting the two outputs in series. on physical space to accommodate two DC converters that are small and light
battery packs. While some additional enough to use multiple units in parallel in
The Dual-800V parallel battery circuitry is required for the battery BEVs.
configuration also has some tradeoffs. management system, the safety and The Vicor BCM® and DCM™ power
reliability benefits outweigh that in the big modules enable easy paralleling. Their
Advantages
u Zgg\fr;:i)glth more stability than using N+0 N+ 1 IN + 1 N+N

m |t is easier to charge, as the parallel
combination will see the entire 800V

source. In a parallel combination the
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packs are always at equal voltages. This GOHVAEET

makes it less complicated to charge. 100% of
Load

50% of 50% of 33% of 33% of 33% of 50% of 50% of
Load Load Load Load Load Load Load

Disadvantages:

m From a design perspective, the
components do need more clearance to
the chassis for high voltage safety.

m A short across the 800V will potentially

shut down the entire system. 3kW Load 3kW Load 3kW Load 3kW Load
While relatively few vehicles currently

utilize a dual 800V battery platform, the
redundancy that it offers is important for
safety. Without it, the most important car

Redundancy better matches load requirement

systems are one short away from a Figure 3 — Several combinations of redundant architectures show power levels and power split
catastrophic event. EV power architectures in an EV powertrain. The N + 1 has more power capability and therefore can be a larger and more
are moving in this direction. Reliability and expensive solution. From left to right, the redundancy improves and the power supply

safety are the biggest reasons for the more closely matches the load’s requirement, but it also increases component count and system
migration, but newer chargers are complexity. (Source: Vicor)
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Figure 4: This 4kW DC-DC converter uses 2 Vicor BCM6135 and 2 DCM3735 (located on the underside
of the board) to convert 800V power to 12V power in a package that weighs 0.08 kg and in a volume
of only 0.8575 L. This can be configured into 2 redundant power supplies of 2 kW each, or paralleled
with another unit to create a redundant 4 kW power supply.

compact size reduces the overall DC-DC
converter footprint and their efficiency and
density bolster performance (Figure 4).
This augments vehicle range and enables
new architectures to enhance safety.

High-density power modules unlock
creative opportunities and deliver
performance and scalability in a way far
superior to discrete solutions. Power
modules provide up to 3x more power
density, enable easy scalability and deliver
higher transient speeds that can support
down-sizing or removing the 12V/48V
auxiliary battery altogether. The BCM
(Figure 6) steps down the high-side
voltage and multiples the current while
providing isolation in a power-dense, highly
efficient converter.

The BCM is a ratiometric device, where
the output is a ratio of the input by a K
factor. For example, if the source is 800V
in a parallel configuration, the K factor

Figure 6 BCM® bus converter.
BCM:s are high-density, high-
efficiency, fixed-ratio (non-
regulating) isolated DC-DC
converter modules. The family
extends from 800V or 400V to
48V inputs with various K
factors to suit a wide range of
applications period. The BCM
provides the greatest power
density for high-voltage
battery conversion to low-
voltage networks. The BCM
product family leverages Vicor
Sine Amplitude Converter™
technology that results in
high-efficiency performance
in miniaturized modules.
Vicor develops BCMs to match
the 400V or 800V battery.
Vicor BCMs can be used in
arrays to scale to the
necessary power
requirements.

would be 1/16, therefore the low-side
voltage is the high-side voltage divided by
16, and the output current is the high-side
current multiplied by 16. The Dual-400V
series-stacked system uses a similar BCM,
however the K factor is 1/8.

The DCM3735 regulator takes the
voltage from the BCM and provides a
tightly regulated output that can charge a
capacitor or battery (Figure 5). The
combination of BCMs and DCMs enables
designers the flexibility to create space and
weight efficient, redundant power networks
in EVs. Vicor technology can provide 4kw
of 800V to 12V power supply in less than
0.9 L. As seen in Figure 4 this system
weighs less than 1 kg, and can enable
further weight savings by enabling the
downsizing of the 12V back-up battery.

Consumers want to purchase EVs, but
many have reservations. At the top of the
list are range and charging convenience.
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These are not easy problems to solve, but
new innovations in power architectures
and power density are helping
tremendously. Compact power delivery
network innovation save weight, which can
improve range. Also, the introduction of
power modules provides creative latitude
and simpler ways to reduce size and
weight, which also can deliver more range.
The power module is important to
solving range, reliability and safety issues.
Its scalability and small size adds immense
flexibility to designing a power system.

Figure 5: The DCM3735 is a non-isolated,
regulated DC-DC converter with an input range
of 35-58V. It offers constant current operation
for battery charging, comes in a compact
package (36.6 x 35.4 x 7.4mm) and can be used
in array.

When combined with innovative
architectures power modules are a catalyst
to rapidly advance the long-term adoption
of today's battery electric vehicles.
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