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Bosch poised for leap in e-mobility technology
Silicon carbide semiconductors make electric cars more
efficient

» Harald Kroeger: “Silicon carbide semiconductors bring more power to electric
motors. For motorists, this means a 6 percent increase in range.”

» Only Bosch is equally at home in the automotive and the semiconductor
industries.

» With its new semiconductor plant in Dresden, Bosch is strengthening its
competitiveness.

Reutlingen and Dresden, Germany — Nowadays, all cars feature semiconductors.
There are more than 50 of them in every vehicle that rolls off the production line.
The new microchips made of silicon carbide (SiC) that Bosch has developed will
now help electromobility make a great leap forward. In the future, the chips made
of this extraordinary material will set the pace in the power electronics — the
command center for electric and hybrid vehicles. Compared to the silicon chips
used to date, SiC semiconductors have better electrical conductivity. This
enables higher switching frequencies while also ensuring that much less energy
is dissipated in the form of heat. “Silicon carbide semiconductors bring more
power to electric motors. For motorists, this means a 6 percent increase in
range,” says Harald Kroeger, member of the Bosch board of management.
Bosch manufactures the new generation of semiconductor chips at its Reutlingen
plant, 25 miles south of Stuttgart. At this plant, the company has been turning out
several million microchips every day for decades.

SiC: a booster for e-mobility

Semiconductors made of silicon carbide set new standards for switching speed,
heat loss, and size. It all begins with additional carbon atoms, which are
introduced into the crystalline structure of the ultra-pure silicon used to
manufacture semiconductors. The chemical bond created in this way turns the
semiconductor chips into real powerhouses. Especially for applications in electric
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and hybrid vehicles, this means many advantages. In power electronics, they
ensure that 50 percent less energy is lost in the form of heat. This saving
translates into more efficient power electronics and more energy for the electric
motor and therefore for the battery range. Motorists can drive 6 percent further
on a single battery charge. In this way, Bosch is addressing one of the stumbling
blocks for potential buyers of electric cars: nearly one in two consumers

(42 percent) decide against buying an electric vehicle because they are afraid the
battery will run out while they are on the road. In Germany, this anxiety is even

more prevalent, affecting 69 percent of consumers (source: Consors Finanz

Automobile Barometer 2019). Alternatively, car manufacturers can make the

battery smaller for a given range. This reduces the cost of an electric car’'s most
expensive component, which in turn reduces the vehicle’s price. “Silicon carbide
semiconductors will transform e-mobility,” Kroeger says. The reason is that the
new technology also offers further potential savings down the line: the much
lower heat losses of the chips, combined with their ability to work at much higher
operating temperatures, mean that manufacturers can cut back on the expensive
cooling of the powertrain components. That has a positive impact on electric
vehicles’ weight and cost.

Bosch: at home in the automotive and semiconductor industries

With this silicon carbide technology, Bosch is systematically expanding its
semiconductor know-how. The company will be using the SiC semiconductors in
its own power electronics in the future. For its customers, this brings together the
best of both worlds, as Bosch is the only automotive supplier that also
manufactures semiconductors. “Thanks to our deep understanding of systems in
e-mobility, the benefits of silicon carbide technology flow directly into the
development of components and systems,” Kroeger says. As one of the leading
manufacturers of automotive semiconductors, Bosch has been exploiting this
globally unique advantage for almost 50 years. In addition to power
semiconductors, these include microelectromechanical systems (MEMS) and
application-specific integrated circuits (ASICs).

Whether in airbags, belt tensioners, cruise control systems, rain sensors, or
powertrains, there is scarcely a domain in modern automotive technology that
does not rely on microchips. In 2018, the value of the chips in an average car
was around 370 dollars (337 euros) (source: ZVEI). While this amount is growing
by 1 to 2 percent annually for applications not relating to infotainment,
connectivity, automation, and electrification, on average an electric vehicle has
additional semiconductor chips worth 450 dollars (410 euros) on board. Experts
predict that this figure will increase again by around 1,000 dollars (910 euros) as
a result of automated driving. This makes the automotive market one of the
drivers of growth in the semiconductor sector. Furthermore, key applications of
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the internet of things, such as artificial intelligence, cyber security, smart cities,
edge computing, smart homes, and connected industry, will drive future growth in
the domain. With its semiconductor factories in Reutlingen and Dresden, Bosch
is well prepared for these developments: “Our semiconductor know-how helps us
not only to develop new automotive functions and loT applications but also to
continuously improve the chips themselves,” Kroeger says.

Bosch is strengthening its competitiveness

Turning the circular discs of silicon or silicon carbide — the wafers — into
semiconductor chips involves an elaborate manufacturing process that can last
up to 14 weeks. In several chemical and physical processes, the wafers acquire
ultra-fine structures that will subsequently make up the tiny chips, each of which
measures just a few millimeters. In June 2018, Bosch laid the cornerstone for its
state-of-the-art semiconductor factory in Dresden. Its manufacturing operations
will use wafers with a diameter of 300 millimeters. This means significantly more
chips from a wafer, and correspondingly greater economies of scale than with
semiconductors based on 150- and 200-millimeter technology. Bosch produces
the latter in Reutlingen, where it will also manufacture the new SiC chips. The
wafer fabs in Reutlingen and Dresden complement each other perfectly. This
enables Bosch to further strengthen its competitiveness. “Semiconductors are

a core component of all electrical systems. They are also turning data into a
coveted raw material of the future. As they are becoming increasingly important
in our fields of activity, we want to continuously expand our manufacturing
operations,” Kroeger says. In its wafer fab in Dresden, Bosch is investing around
a billion euros — the largest single investment in the company’s history. In the
factory, facilities are currently being installed in the clean room areas. The first
associates are due to start work in the spring of 2020. Bosch will operate the
plant as a carbon-neutral site.

Press photos: #2780142, #2780143, #2780424, #2780425, #2780427,
#2780428, #2780430, #2780512

Further information:
Bosch compact: Facts, figures, and amazing truths about semiconductors

Bosch compact: A brief guide to semiconductor technology

Video: Silicon carbide semiconductors in the Bosch wafer fab in Reutlingen

Factsheet: Semiconductor production at Bosch

Factsheet: Reutlingen wafer fab

Factsheet: Dresden wafer fab
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Mobility Solutions is the largest Bosch Group business sector. In 2018, its sales came to

47.6 billion euros, or 61 percent of total group sales. This makes the Bosch Group one of

the leading automotive suppliers. The Mobility Solutions business sector pursues a vision

of mobility that is accident-free. emissions-free, and fascinating, and combines the group’s
expertise in the domains of automation, electrification, and connectivity. For its customers, the
outcome is integrated mobility solutions. The business sector’s main areas of activity are
injection technology and powertrain peripherals for internal-combustion engines, diverse
solutions for powertrain electrification, vehicle safety systems, driver-assistance and
automated functions, technology for user-friendly infotainment as well as vehicle-to-vehicle and
vehicle-to-infrastructure communication, repair-shop concepts, and technology and services
for the automotive aftermarket. Bosch is synonymous with important automotive innovations,
such as electronic engine management, the ESP anti-skid system, and common-rail diesel
technology.

The Bosch Group is a leading global supplier of technology and services. It employs roughly
410,000 associates worldwide (as of December 31, 2018). The company generated sales of
78.5 billion euros in 2018. Its operations are divided into four business sectors: Mobility
Solutions, Industrial Technology, Consumer Goods, and Energy and Building Technology.
As a leading loT company, Bosch offers innovative solutions for smart homes, smart cities,
connected mobility, and connected manufacturing. It uses its expertise in sensor technology,
software, and services, as well as its own loT cloud, to offer its customers connected, cross-
domain solutions from a single source. The Bosch Group’s strategic objective is to deliver
innovations for a connected life. Bosch improves quality of life worldwide with products and
services that are innovative and spark enthusiasm. In short, Bosch creates technology that is
“Invented for life.” The Bosch Group comprises Robert Bosch GmbH and its roughly 460
subsidiary and regional companies in over 60 countries. Including sales and service partners,
Bosch'’s global manufacturing, engineering, and sales network covers nearly every country in
the world. The basis for the company’s future growth is its innovative strength. At nearly

130 locations across the globe, Bosch employs some 68,700 associates in research and
development.

Ad(ditional information is available online at www.bosch.com, iot.bosch.com, www.bosch-
press.com, twitter.com/BoschPress
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