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1. Executive Summary

Powertrain electrification and automation are the key technology drivers that will ultimately lead to a new generation
of all-electric, fully autonomous vehicles. At the same time,
with the emergence of new business models, utilizing cloud
and big data technologies, there will be a shift away from
car ownership towards mobility services provided by new
types of vehicle fleet operating companies.
Both individuals and organizations will benefit from richer services and
lower costs as they embrace mobility services over car ownership. With
connected car innovation, the industry is truly accelerating into the future.
Connectors and antenna technology, key elements in new vehicle architectures, will help enable this transformation by providing:
•
•
•
•

Connectivity for faster high-power charging
Connectivity for software-driven architectures
Reliable data connectivity in all-electric environments
Wireless data connectivity

This white paper describes TE Connectivity’s vision for the next generation of mobility and its impact on vehicle architectures. It shares how
TE’s technology and portfolio address critical connectivity challenges
the industry is experiencing. Four subsequent white papers will provide
a deeper look at connectivity technology challenges, requirements, and
potential solutions.
Visit our website to:
• Get more information about TE’s connectivity technology and solutions.
• Sign up to receive the next four whitepapers in this series.
Visit www.TE.com/next-gen-mobility now to sign up.

2. Introduction: The Vision of
Next-Generation Mobility
2.1 The Powertrain Revolution
The automobile industry is currently under pressure to help create
a cleaner environment. By way of
example, we observe that by 2030,
many industrial nations are planning
to ban the sale of fossil-fuel-powered
vehicles and some cities are planning
this, within their limits, by as early
as 2020. Their goal: to encourage
consumers to adopt environmentally sustainable electric vehicles that
have zero C02 emissions.
In the future, the eventual movement
away from vehicles powered by fossil
fuels will signal a “Powertrain Revolution.” I) whereby powertrains will
have evolved from traditional internal combustion engines (ICEs) to hybrids (micro-mild-, full-, and plug-in)
to fully electric motors with zero C02
emissions
2.2 The Road to
Autonomous Driving
Simultaneously, we are also witnessing an industry evolution towards
autonomous vehicles. Depending on
the speed of technical evolution and
legal framework decision making,
there are estimates that by 2030, up
to 15 % of all vehicles sold could be
fully autonomous. II)
A number of automotive manufacturers claim that they will sell driverless-capable vehicles by as early
as 2020. III)
These cars increasingly contain advanced driver assistance systems
(ADAS). Car manufacturers, regulators, safety advocates, and consumers alike want to eliminate human
error from driving, with the goal
of reducing road accidents. Today,
common examples of passive assistance include lane departure warning
(LDW), autonomous emergency braking (AEB), pedestrian detection (PD),
and advanced city assistants (ACA).
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However, more advanced automated ADAS are also being introduced.
One example is adaptive body height
control, whereby lateral motion sensors detect an imminent side collision. These sensors then work with
the car’s suspension system, using
position sensors to increase the car’s
body height ride by as much as 10 cm
or more.
This process exposes a more robust
part of the chassis to the likely impact zone, limiting harm to the car
and its passengers. These functions
are examples of Level 3 autonomous
driving, or “conditional automation,
”as defined by the Society of Auto-

motive Engineers’ (SAE) harmonized
classification system (J3016). IV)
Eventually, self-driving vehicles will
leverage powerful computing systems
to accurately evaluate risk and adapt
driving appropriately to each situation. These systems will use machine
learning to get smarter over time, providing significant safety advantages
over humans who experience distraction, emotion, and fatigue.
Such self-driving vehicles will react
proactively to difficult situations
more quickly than human drivers,
calculating the lowest risk outcome
in milliseconds.

When they can achieve these capabilities, cars will be classified as Level
5, full automation, according to the
SAE J3016 classification. V) They will
then be able to function as true robot vehicles.
Other potential benefits of driverless
vehicles include:
• Reduced logistics costs to businesses
• Lower transportation and insurance costs for consumers
• Enhanced mobility for groups
such as children, the elderly, or
disabled
• The ability for all passengers to
use driving time for other purposes

Mobility-as-a-Service
platforms will replace over
2.3 billion urban private car
journeys annually by 2023
2.3 Mobility as a Service (MaaS)
As driverless vehicles increase in
sophistication, providing increased
safety, comfort, and infotainment,
consumers will move away from the
high-cost economic model of personal car ownership and adopt mobility as a service (MaaS). Indeed, it is
predicted that Mobility-as-a-Service
platforms will replace over 2.3 billion
urban private car journeys annually
by 2023 1).
MaaS opportunities include ridesharing and e-hailing services, bikesharing programs, car-sharing services, and on-demand “pop-up”
bus services from companies such
as Lyft, Uber, and China’s Didi. The
growth of such services is in line
with growing urbanization and the
creation of more megacities.

Figure 1: Creating the Next-Generation Mobility Value Chain
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According to the United Nations,
55% of the world’s population currently lives in urban areas. By 2050,
an additional 2.5 billion people will
be added to these areas, with 90%
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of the growth occurring in Asia and
Africa. VII) This means that car ownership and usage will become ever
less convenient and affordable in
congested areas.
2.4 Five Key Technological
Advances
The development of this next generation of vehicles is being driven by
five key technological advances:
1) The ability to collect and analyze data from sensors in cars,
as well as from specialized data
service providers such as digital
mapping companies.
2) Cheaper computing power and
storage capacity, which is now
available in vehicles, smartphones, and the cloud.
3) Ubiquitous broadband Internet,
which is available through Wi-Fi,
4G, and (soon) 5G connectivity.
4) Increased energy capacity
and the potential for reduced
charging time from new, fastercharging infrastructure.
5) Third-wave AI technologies,
such as deep learning combined
with big data. These technologies are at the core of intelligent
autonomous systems that automate a growing set of well-defined tasks. They enable vehicles
to perform tasks, while achieving
error rates that are as low as
those associated with humans
who do the same tasks.

• Big data acquisition, management, security, and analytics
• Next-generation vehicle platforms
• Passenger experience platform
• Fleet operations
Automotive OEMs have historically
dominated the first layers of the value chain, from components to car
devices and systems. However, new
vehicle fleet operating companies
(FOCs) will increasingly compete
with OEMs in the transportation ecosystem layer.

Next-generation vehicles
will run on two types of fuel –
electricity and data.
As consumers choose MaaS instead
of owning cars, FOCs are in a prime
position to grow business. They can
use analytics to understand, anticipate, and address consumers’ transportation and logistics needs. In addition, they control the fleet vehicles
providing the transportation and logistics solutions.
With deep customer insights, FOCs
are likely to demand increasing control over platforms that define the
overall vehicle design and enable
the provision of on-demand mobility services. While the new value
chain layer is not expected to replace

OEMs and car manufacturers for the
foreseeable future, it is very likely to
disrupt and alter how these industry
players work and collaborate in major ways.
Let’s turn our attention now from
MaaS to changes in car architectural design.

3. Impacts on Vehicle
Architectural Design
Put simply, next-generation vehicle
architectural design can likely be
characterized as supporting a machine running on two types of fuel:
electricity and data.
3.1 Software-Driven Architectures
Traditional vehicle architectures are
designed from the bottom upwards
in four core layers as shown below
in Figure 2.
However, as vehicles evolve towards
Level 5 autonomous driving, they will
create exponentially more data than
today’s ADAS systems. This data will
be delivered and transmitted by an
increasing number of sensors and
external antennas that connect to
other vehicles, the surrounding infrastructure, and the cloud.
Since many consumers won’t own
cars, MaaS businesses will use online

2.5 Evolving Value Chains
Influenced by the above factors, industry participants are creating a
new transportation ecosystem within the mobility value chain. Traditionally, the mobility value chain has
consisted of three layers: the vehicle
architecture and system, devices and
systems, and components. (See Figure 1 on page 4.)
Companies in this new transportation ecosystem layer are providing
expertise in one or more of the following areas:
• Vehicle design and manufacturing

Figure 2: Automotive Architectural Design Layers
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booking and customer management
systems (CMS) that use data analytics to understand and update preferences and deliver a personalized
passenger experience. In addition,
these booking and CMS systems will
help FOCs position cars for maximal
usability and throughput.

activity with additional systems such
as the accelerator/cruise control,
steering as well as additional cameras around the car before it is able
to execute automatically an evasive
maneuver.

These interfaces would transport
technology-agnostic “service” information that is directly understood
by the ECU (electronic control unit).
(See Figure 3 below.)

This data will perform another vital
role: enabling FOCs to perform remote diagnostics, preventive maintenance, and updates—much of
which will be performed via overthe-air (OTA) software updates.
That is likely to mark a change in the
design of vehicles to software-driven
architectures, whereby software controlling the functional domains, and the
data on which it is dependent increasingly takes precedence in the overall
architectural design of the vehicle.
Within vehicles, it will be essential
for systems to be integrated across
functional domain boundaries.
Figure 3: Service-Oriented Architecture

Next-generation mobility will
be driven by several trends:
• Technologies that enable
the deployment of MaaS
business models
• Environmental and
demographic concerns
• Consumer acceptance of
fully autonomous,
all-electric connected
vehicles
• A consumer shift from
car ownership to
mobility services
The transformation of ADAS into increasingly autonomous functions will
create increasing interdependence
between systems whereby data generated is combined to create a “holistic” picture. For example, today, a
simple front mounted image capture
sensor may trigger a warning light or
activate the brake system. However,
greater automation will require inter-

A higher level of automation will increase system complexity, requiring
that standard interfaces be clearly
defined on a functional level. In current automotive architectures, data
and information is “owned” by each
system. For example, communication between sensors (sensor fusion)
and actuators is supported by multiple proprietary electrical analog
signals.

3.2 Electric Powertrain Design
When it comes to the design of electric drive powertrains, the primary
considerations are range, fuel consumption, the efficiency of the electric systems and credible charging
times. These factors will determine
the comparability of electric vehicles
with traditional ICE or even hybrid
vehicles and their consumer acceptance.

Consequently, a number of OEMs
are proposing a service-oriented
architecture (SOA) approach that
is based on fully redundant central
computer platforms.

From a design perspective, it means
that consumers must be provided
with a balance between battery size
and charging technology which suits
their driving profiles. For example, a
typical European driver might drive
a distance of over 500 kilometers
ten times each year. That means that
they will need to recharge their vehicles once during a long journey on
ten occasions each year.

The SOA would use an ultra-highspeed data backbone, supporting
data speeds anticipated to exceed
20 Gbps at the top layer, and service-oriented digital interfaces at the
sensor and actuator layer. This approach would effectively decouple
in-vehicle hardware and software.
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hicles overnight, it means they probably spend no more than 300-400
minutes at a charging station each
year which is comparable to an ICE
owner who might spend a similar
amount at a fuel pump with 50 stops
a year.
For that reason, a major focus of electric powertrain design is on the one
hand how to achieve fast charging in
order to support city based electromobility for vehicle users with shorter travelling distances but with only
street-based parking available and
a requirement to be able to visit a
charging station and quickly charge
their vehicle as required.
On the other hand, slower AC
charging remains as the most common and lower cost charging mode,
as AC power (typical 1 phase 16A,
up to 3 phase 32A) is widely available and enables battery recharge
at home and at work. It requires an
onboard AC/DC charging converter
and if this unit is working bidirectionally it could deliver energy back from
the battery to the grid to support
peak load sharing on grid level. Such
technology would offer interesting
business cases around charging such
as receiving credits for charging
power when the car contributes to
load balancing during demand peak.
All the mentioned options would
lead to architectures, using several
power units such as on-board chargers, drive inverters, electrical HV
heating and -cooling systems which
needs to be connected. In between
each aggregate, a touch-safe, robust wiring requires HV connectors
that need to be designed to fulfill a
broad range of electrical and safety
requirements.

clude an array of high-power electric
cables and high-speed data connectivity networks that need to co-exist
together.

signed according to attributes such
as bandwidth, attenuation, shielding,
and EMI immunity.

Today, electric vehicles already feature power systems in the 100kW+
range, using battery voltages of up
to 800V. These drive systems produce high broadband electromagnetic emissions that can potentially
affect the vehicle’s inner EMC.

Intelligent thermal modelling
and management will:
• Enable optimum
performance of power
handling cables and
components
• Minimize heat-induced
component life
degradation
• Reduce cable weight

With next-generation vehicles, low
voltage data connectivity networks
and the high voltage (HV) drive system must work reliably and safely in
parallel. In today’s electric and hybrid powertrain architectures, the
HV system is fully shielded and is
designed to be completely isolated
from the vehicle’s 12V data networks.
However, points of exposure will always exist where there are connections to the 12V which are not integrated in the shielding concept.
A high degree of automation is required to enable safety-critical ASIL
VIII) Level D (Automotive Safety
Integration Level) functions. This
means that OEMs must simplify
high-speed data connectivity architectures, while ensuring maximum robustness and reliability, with
no loss of data integrity within an
all-electric environment.

4. Connectivity Challenges of
the Next-Generation Vehicle

Historically, OEMs considered HV
battery capacity, safety, and energy
distribution reliability first as they
developed the first electrified drive
trains. As technology has evolved,
OEMs have focused on manufacturing powertrains that offer smarter
and more powerful power distribution.
Today, the electric powertrains are
now fourth and fifth generation. As
a consequence the focus has shifted
to achieving cost targets that will enable mass volume production.
However, greater levels of automation and autonomous driving will
lead to a paradigm shift whereby
the reliability of safety critical functions cannot be compromised. That
means the continuous availability of
power to ensure reliable safety-critical functions.

Connectivity will be a key enabler
of next-generation vehicle architectures. From a data connectivity
perspective, these architectures will
require real-time data transmission,
data quality, and bandwidth that is
specified for each link. Link needs
will vary and their characteristics
will be determined by the increased
safety levels of the connected functions that are now automated. That
means each component will be de-

Thermal management innovation
will be key to ensure the functional
life and extreme reliability of components while guaranteeing new
levels of performance, such as fast
charging, within more manageable
cost frameworks.
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Powertrain electrification in electric
and hybrid vehicles also creates significant challenges in relation to a
vehicle’s electromagnetic compatibility (EMC) performance. Next-generation vehicle architectures will in-

This paper introduces four areas of
connectivity which will serve as key
enablers of vehicle architectural design:
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• Connectivity for faster high-power charging
• Connectivity for software-driven
architectures
• Reliable data connectivity in
all-electric environments
• Wireless data connectivity
It will introduce key technical challenges and requirements as well as
technology solutions that are available to solve them. Subsequent
whitepapers will share TE Connectivity’s technical approaches and
solutions for meeting these needs.
4.1 Connectivity for
High-Power Charging
Faster vehicle charging will drive
greater consumer acceptance of
electric vehicles, especially in megacities which have significant space
constraints. In addition, it will enable OEMs to develop global e-car
platform strategies solely driven by
range capability. Fast high-power
charging will also be critical for MaaS
businesses that deploy large fleets of
autonomous vehicles. These vehicles
must be kept in service for the maximum possible time without costly
down-time for charging.
Traditional e-car architectural design focused on range, resulting in
larger batteries for energy capacity requiring longer charging time.
To support city-based users, who
lack private charging facilities, and
longer-distance drivers who need
highway-based charging, OEMs
are beginning to define 500A to
650A charging systems, compared
to 200A today. However, if paired
with typical 50 mm2 cables, these
proposed higher power systems will
lead to excessive heating.

higher amount of power to achieve
required charging times without being excessively heavy.
Thermal Management and
Power Net Dimensioning
Traditionally, regulators determined
power ratings of terminal and connector designs from derating modelling, measuring current loads over
time to test the limitations of relay
and fuse technology.
Ostensibly these models attempted
to simulate current load peaks and
their time duration. However, they
were based on discrete RMS profiles,
as shown in Figure 4 below, which
simulated static conditions that sel-

charging cycles of five-to 10-minutes
creates loads that would be far higher than those found in any normal
electric vehicle operation.
TE is driving a new approach to
achieve the most realistic cable and
component dimensioning for the
industry’s required charging performance. This involves creating a
link between thermal and electrical
models and analyzing the relationship of the temperature profile to
the current profile in any electrical
powertrain wiring.
Each tiny resistor can transform
electrical current into heat. As a consequence, it is essential to identify

Figure 4: Discrete RMS Profiles Used for Traditional Power Net Dimensioning

dom exist in real-life applications.
Specifically, testing assumptions included longer durations of the highest current peaks would never occur
in reality, leading to a higher overall
assumed power load.

all components within the charging
chain that is impacted and how they
interact with each other. They can
then create a model for each component to understand hotspots.

This practice has led to design
overengineering. Combined with
additional built-in safety margin to
cover aging factors, this has created
overly robust designs with excessive
size, weights, and costs. Power-net
dimensioning that includes use cases for high-speed charging further
exacerbates this problem as fast-

Existing components can potentially
be modified with a cooling interface,
for example, to connect a passive
heat sink. Active coolers, such as
cooling circuits or loops, are also being considered for future component
design. Cooled cables, where a liquid coolant flows through an isolated
tube inside the cable and transfers
the heat into a heat exchanger, are
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One solution would be to increase
cable size. However, for 500A
charging systems this would lead to
prohibitively high cable weight increases. As a result, some OEMs are
now defining 800V architectures.
This would enable cables to carry a
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Figure 5: TE End-to-End Power Distribution Portfolio

currently used in the charging infrastructure.
However, in the vehicle, they would
require additional temperature control mechanisms and safeguards
adding to complexity. Examples
could include a water-cooled header or by applying water or oil-based
coolants to a cable itself. In which
case the connector is likely to be
the entry point for such coolants and
therefore will require modification of
their design including the crimping
process.
TE is actively researching this type
of thermal modelling for its power
distribution portfolio in order to support heat dissipation requirements
for next-generation fast-charging
capable architectures. In addition,
TE is providing strong support to an
industry-wide ZVEI (German Electrical and Electronic Manufacturers’
Association) initiative VIII) to develop
a harmonized simulation model.
4.2 Connectivity for
Software-Driven Architectures
Within the vehicle, the physical data
connectivity layer will be required to
transport ever greater data volumes.
That will result in an increasing num-

VI)

ber of high-speed data connections,
integrating with a greater number of
sensors for ADAS or automated driving, such as high-resolution stereo
and/or mono cameras, RADAR, and
LIDAR; as well as future human-machine interfaces (HMIs), such as large
4K/8K screens or head-up displays
(HUDs).
These sensors and interfaces, in
turn, will be connected to powerful
centralized computer platforms via
high-speed data backbones to support speeds in excess of 20 Gbps.
Such platforms will host a wide array
of software, such as software that
provides image recognition of cars,
buildings, and pedestrians to create
a dynamic composite picture of the
surrounding environment in which
the car can autonomously navigate.
They will likely rely on multiple connections of varying types: coaxial,
differential, optical, general purpose
signalling (e.g., MQS), and high-power tabs. It is likely that these contacts
would be integrated into a few larger modular connectors to minimize
space consumption and installation
time during the car manufacturing
process. Furthermore, vehicles could
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contain modular electronic control
units (ECUs) with a number of processing modules that are interconnected via a high-speed backplane
to modular connectors.
When designing the physical data
transmission layer, automotive electrical engineers should consider the
following key questions:
• How to manage the transmission of data from point-to-point
without any delay that could
compromise operations?
• How do we ensure zero corruption of the quality of data from
camera, RADAR, and LIDAR to
safely and securely deliver critical information that prevents
collisions and accidents?
• How do we manage the influx
of external data coming from
multiple V2X (vehicle to everything) communications and
cloud-based infotainment applications?
The answers to these questions will
be determined by such factors as link
performance and reliability in terms
of bandwidth, speed, and crucially,
their electromagnetic compatibility
(EMC) performance.
Page 9
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4.3 Reliable High-Speed Data
Connectivity in an
All-Electric Environment
EMC is a branch of electrical engineering which seeks to eliminate the
unintentional creation and reception
of electrical energy, which can cause
unwanted effects such as electromagnetic interference and in extreme cases, even physical damage
to sensitive electrical equipment.
Within automotive engineering, EMC
is not a new field. Since the installation of the first radios within vehicles,
engineers have sought to reduce interference to radio signals to maximize the listening experience for
passengers.

Therefore, next-generation vehicles—and their system—will require
ultra-reliable, fail-operational highspeed data connectivity.
Managing EMC performance is key
to achieving this goal. In this regard,
integrating electric drive trains into
vehicle architectures represents a
substantial challenge. It means low

Next-generation vehicles—
and their system—will require
ultra-reliable, fail-operational
high-speed data connectivity
voltage data connectivity networks
and high voltage (HV) drive systems
must work ultra-reliably and safely in
parallel. OEMs must minimize energy
emissions, which can cause electromagnetic interference (EMI) from
high voltage powertrain systems as
well as minimize the data connectivity links’ susceptibility to these
emissions.
In respect of the physical data transmission layer, there are several cable
options.

However, the safety of next-generation fully autonomous vehicles will
depend on data coming from an array of cameras, sensors, and radar to
detect traffic lights, read road signs,
monitor other vehicles, and take defensive measures to avoid pedestrians and other obstacles in the path
of the vehicle. At the same time,
seamless cloud-based infotainment
via applications such as CarPlay and
Android Auto, larger displays, and
user-friendly control systems are
already creating a more enjoyable
connected passenger experience.

Differential Cables
Differential signaling cables are constructed from copper. These wires
are often considered an attractive
choice for connectivity, because of
their relative low cost and ease of
use. OEMs create these cables by
twisting two insulated wires around
each other, enabling one of them to
act as the return path for the other. This improves their EMC performance.
It also means they are a good solution for bi-directional data transmission, for example, between on-board
computers and ECUs. However, differential connectivity is more complex if contact points are shielded,
requiring additional processing.

Shielded twisted pair (STP) cables
shield each pair to further protect
data transmission from experiencing
EMI from other wires in close proximity, particularly when higher rates
(bandwidth) are involved.
Unshielded twisted pair (UTP) cables do not contain extra shielding,
meaning that they can be a more
economical solution, especially for
lower data rate requirements. However, they are also prone to interference, which can potentially affect
performance.
UTP is more widely used due to lower cost, greater manageability, and
absence of grounding issues.
STP is more expensive, heavier,
and increases complexity because
it must be grounded. However, its
inability to handle high EMI/EMC
constraints can make UTP a more
restrictive option. This is one of the
challenges of Ethernet technology
whereby OEMs must balance transceiver and physical complexity, deciding if bandwidth/connectivity is
more important than overall cost
and efficiency.
Coaxial Cables
Coaxial cable is able to support higher bandwidth. It’s a robust, shielded
option, which makes it resilient to
EMI, and is often used in today’s vehicles. However, its EMI protection
is limited by the fact that the return
path for the high-frequency current
resides in the shield itself. This is especially true when the connected device contains multiple transceivers,
since parasitic (capacitive) effects
can burden the radio frequency (RF)
shield. However, in recent years, significant design improvements have
meant coaxial cables are now frequently deployed in today’s vehicles.

There are two main types of differential cables:

Optical Fiber
Based on light, optical fiber is completely immune to electromagnetic
interference from electromagnetic
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fields, high-voltage high power lines,
and devices. In addition, it creates no
electromagnetic emissions or crosstalk with neighboring data lines or
wireless communication systems.
However, it should be noted that
electronics themselves, with sharp
driver currents for the diodes, do
create emissions that may not be
easy to shield.
A key advantage of fiber optic cables is the low signal attenuation per
meter. In addition, they are independent from signal-frequency attenuation meaning that the link length is
not limited by the data rate of the
signal. The loss per meter is lower
than other link types. Depending on
materials (core and cladding) as well
as data transmission wavelength, fiber optics used for data transmission
can have less than 0.2dB/m attenuation for plastic fiber (POF) based
on light from red LEDs (650nm). For
multimode glass fiber cables, the attenuation is in the range of 3dB per
kilometer (~0.003dB/m).
Although optical fiber may seem like
an obvious solution for data connectivity in a high-power all-electric environment, it does have some restrictions. Glass optical fibers are limited
in terms of bend radius and are not
as resistant to levels of vibration
found in an automotive environment.
Plastic optical fiber is a more cost-effective option than glass and is more
resilient, but it supports lower bandwidth and shorter distances and also
requires more expensive optical
transceivers for high data-rate applications (e.g. 1 Gbps). In addition,
optical fiber, in general, does not enable the transmission of power and
hence is not suited for space saving
hybrid links.

tions for Gigabit Ethernet over plastic fiber (1000BASE-RHC) or also
known GEPOF.
TE Connectivity provides solutions
that meet EMC standards and test
specifications based on all of the
above methods. These include ISO
11452 and CISPR 25. Let’s take a closer look at some examples.
4.3.2.1 MATE-AX
TE’s FAKRA compliant MATE-AX
connector families offer solutions
that can be used for safety links with
high RF-requirements.
The MATE-AX connector is designed
for data rate performance of up to
9GHz and up to 20GHz with optimized designs and reduces space to
meet today’s automotive packaging
requirements. Its electrical performance meets link segment, component-level signal integrity, and EMI
requirements. The robust and compact MATE-AX connector is available
in different configurations to meet
different environmental conditions.
In addition, MATE-AX connectors are
developed to fit seamlessly into the
existing cable assembly processes,
such as the well-established FAKRA
compliant-crimping processes.

It was developed for upcoming distributed network vehicle architectures which require fast and reliable
connectivity solutions. The new
system has been proven to meet
Ethernet data transmission requirements according to 100BASE-T1 and
1000BASE-T1.
In addition, MATEnet has the potential to support data rates up to 6Gbps
because it uses existing higher modulated data transmission technologies. The 100BASE-T1 UTP variant
offers complete EMI protection.
However, a shielded (STP) variant offers full control of EMI for certain applications using 1000BASE-T1, such
as a link is located in close proximity
to radio antennas. In these cases, the
shielded version would ensure the integrity of the FM signal.
TE is also developing a differential
connector with a complete 360°
shielding interface that will support
data rates up to 20Gbps.

4.3.2.2 MATEnet
MATEnet is TE’s modular and scalable differential connector platform.

4.3.2.3 TE’s Next-Generation
			 Automotive Data
			 Connectors
TE Connectivity provides solutions
that meet the most relevant EMC
standards and test specifications,
including ISO 11452 and CISPR 25.
Although current data cables meet
these standards, they continue
to be challenged by ever greater
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Looking ahead, plastic optical fiber
is likely to be a viable solution for 1
Gbps Ethernet links in Automotive.
Today the standardization body for
Ethernet (IEEE) has issued specifica-
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bandwidth requirements of which
EMC performance is a key factor.
Therefore, TE Connectivity continues to develop new solutions, pushing transmission technology ever
forward.
Our offerings include a differential
connector system with a complete
shielding interface that will be able
to support data rates up to 20Gbps,
as well as solutions that use vertical
lasers (VCSEL) and multimode glass
fiber to achieve speeds of 10Gbps to
20Gbps.

4.4.3 V2X and Cell
Fully autonomous cars will need
large amounts of information to
make the right decisions in traffic.
In addition, to sensors that capture
environmental data, information will
soon be exchanged between cars
themselves. The objective is to exchange information beyond the line
of sight that sensors cannot capture.
For example, cars will need to communicate with other cars around a
corner. This process will involve V2X

high bandwidth in the cellular world.
TE has already developed an early
prototype for the 5G antenna.

technologies that communicate with
other vehicles and the road infrastructure.

TE has developed integrated Bluetooth antennas and transceivers in
rooftop applications to provide the
interface for such use cases. In addition, these solutions can support
remote parking applications, where
the car is controlled via a smart
phone while it ‘self-parks.’

4.4.4 WLAN and Bluetooth
Bluetooth and Wireless LAN (WLAN)
also have a place in vehicle networks.
Bluetooth is being used for remote
access and allows smart phones to
communicate with infotainment systems. It will soon replace a key fob,
enabling remote locking and unlocking.

4.4. Wireless Data Connectivity
In the same way that connectors and
wires exchange information inside
the car, antennas connect next-generation vehicles to the outside world,
receiving and transmitting data that
can be analyzed and acted upon.
With its newly acquired antenna
technology, TE has more solutions to
offer the automotive industry for the
V2X communications that will enable
fully autonomous driving.
4.4.2 Global Navigation
		 Satellite System
A prerequisite for fully automated
next-generation vehicles is constant
situational awareness, which helps
fuel self-driving algorithms. Requirements for position accuracy have
been increasing as OEMs introduce
more ADAS features into vehicles.
Today, vehicle systems only need to
evaluate which lane they are in. In the
future, fully automated cars will need
to provide positioning awareness
down to the centimeter. GPS antennas have evolved into GNSS (Global
Navigation Satellite System) antennas, meaning they are required to
receive several positioning systems
such as GPS, GLONASS, Beidou, and
Galileo.

Today there are currently two competing standards for the underlying
technology: IEEE 802.11p, which is
based on the WLAN standard, and
C-V2X, which is based on the cellular
standard. It remains to be seen which
standard will be adopted by the automotive industry. Today, TE offers
antennas for both standards and is
therefore able to support V2X, independent of the final standard decision. The cellular network standard
LTE is used today to connect cars to
the infrastructure or to each other.

TE is following this trend closely and
offers GNSS antennas which provide
the high level of position accuracy
needed in self-driving cars.

However, LTE’s inherent latency is
too high for time-critical applications. 5G, which is currently being
specified, will offer low latency and

WLAN is a good choice when high
data throughput is required to connect consumer devices to the car.
Cars already offer WLAN hotspots,
which allow passengers to access
the internet via a built-in LTE modem. Furthermore, WLAN may be
used to connect the car to the Internet while it is stored in the garage
at home, so that critical software
updates can be rolled out overnight
via FOTA (Firmware Over the Air)
or the driver’s music library can be
synchronized.
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4.4.5 Smarter Antenna Packaging
As the sheer amount of connectivity
within the vehicle grows, it becomes
increasingly challenging to find practical locations for antennas and accompanying electronic control units.
In addition, the frequencies of newer
services, such as LTE or WLAN, are
in the GHz range which can mean
lower signal strength on coaxial cables. TE is therefore developing a
solution which combines antennas
and transceivers in a single unit. It
will reduce the distance signals have
to travel and therefore will increase
achievable data rates.
The target location for such a smart
antenna is in the roof area. Services
that will likely be supported include
mobile communication, V2X, GNSS,
Bluetooth, and WLAN. Such an architecture also has the advantage
of having only one high-speed data
interface (e.g., Ethernet), which provides access to all the above-mentioned services. With the deployment of 5G, even higher frequencies
are expected, meaning that such an
antenna transceiver combination will
be become standard.

5. Co-creating the Next
Generation of Mobility
with TE Connectivity
Powertrain electrification, autonomous driving, and transforming
business models are changing the
way we view vehicles and mobility.
Ever since the crimp was invented,
TE has been partnering with auto-

motive manufacturers to co-create
leading connectivity solutions that
set industry standards.
Today, as new trends and technologies present new challenges to
vehicle architectural design, we are
collaborating with a growing ecosystem of technology leaders and
are actively involved in developing
standards that will shape the transformation of the entire automotive
industry. In addition, TE continues to
engage with customers early in the
development process and serve as
true partners in the co-creation of
solutions that will enable the next
generation of mobility.

electrical power for faster charging;
transmit large amounts of data in real-time with the flexibility required to
integrate heterogenous devices and
chip protocols; and enable seamless
connectivity to other vehicles, infrastructure, and the cloud.
Connect with TE Today
Visit our website to:
• Get more information about TE’s
connectivity technology and
solutions.
• Sign up to receive the next four
white papers in this series.
Visit
www.TE.com/next-gen-mobility
now to sign up.

End-to-End Connectivity
Technology
No matter which technology path
the automotive industry takes, we
can provide connectivity solutions
for safe and reliable electric powertrain and data connectivity systems.
TE leverages its decades of experience producing reliable connectivity, antenna, and sensor systems to
innovate at the speed of the market,
creating new solutions that meet
emerging needs.
We are developing our technology
portfolio to support end-to-end automotive connectivity, addressing
all the physical layer challenges of
today and the industry’s increasing
demands for the next generation of
mobility.
These challenges include the ability
to safely distribute high amounts of
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About TE Connectivity
TE Connectivity Ltd. (TE) is a $14 billion global technology and manufacturing leader creating a safer, sustainable,
productive, and connected future. For more than 75 years, our connectivity and sensor solutions, proven in the
harshest environments, have enabled advancements in transportation, industrial applications, medical technology,
energy, data communications, and the home.
With 80,000 employees, including more than 8,000 engineers, working alongside customers in approximately 140
countries, TE ensures that EVERY CONNECTION COUNTS. Learn more at www.te.com and on LinkedIn, Facebook,
WeChat and Twitter.
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