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1. Introduction - The Challenge of Growing Requirements

Modern cars are among the most complex networked electro-
hic systems that exist. For years the number of electronic con-
trol units (ECUs) has continually increased, ranging between
70 and 100 ECUs per car, depending on the vehicle class. The
resulting physical interconnection network, establishing the
links between all these devices and with the next higher cor-
responding control layer has become very complex.

The amount of data that is transmit-
ted via this network is also constant-
ly increasing due, for example, to an
ever-higher number of Advanced
Driver Assistance Systems (ADAS)
and comfort functions based on
sensor data. The introduction of au-
tomation levels 2-3 within vehicles
will increase significantly the share
of so-called special links for high
bandwidths. In the wider context of
automated and autonomous driv-
ing (AD), RADAR, LIDAR and cam-
eras will become essential to detect
the environment. In addition to the
continually increasing volumes and
ever faster data flows within the ve-
hicle, more data on the vehicle envi-

ronment will be entering from out-
side the car via wireless and cellular
technologies (4G/LTE, 5G; DSRC;
C-ITS). This includes Cloud and In-
ternet-based services, over-the-air
(OTA) software updates, V2X and
location services like eCall. Togeth-
er they will dramatically increase the
amount of data and the need to inte-
grate antenna systems within the car.

Further complexity is created from
a diverse and heterogeneous semi-
conductor landscape. Modern and
high-performing systems-on-chip

(SoC) have a design that facili-
tates millions of parallel operations
which enables them to process mis-

sion-critical and safety-relevant in-
formation within one component.
For an OEM this opens up complete-
ly new possibilities to design an elec-
trical/electronic architecture (E/E
architecture), as the physical layer
(cabling) and the signal-processing
layer (MIl - Media Independent Inter-
face) no longer need be split up into
infotainment, safety and network
domains.

Automotive Ethernet will soon
be introduced globally

Automotive Ethernet will soon be in-
troduced globally. During this pro-
cess, modern SoCs will gain artificial
intelligence enabling increasing lev-
els of vehicle autonomy. This will re-
sult in new issues for connector de-
velopers and manufacturers when it
comes to signal processing (shown
as 1/0O). Essentially, the design of a
vehicle network follows the factors
presented in Figure 1.

Among the camera protocols MIPI
CSI-2is highly favored, as it can sup-
port up to 4 lanes with 4.5 Gbps as
required by the latest camera res-
olution levels (4K to 8K), appropri-
ate frame rates (- 60 fps) and col-
or depth (up to 24 bit) through new
D-PHY version standards.

Current development projects are al-
ready taking up to 12 Gbps as a basis.
The number of switches is gradually
decreasing with the arrival of digi-
tal dashboards that integrate func-
tions into touch panels. Displays with
a mid-level resolution will continue
to use LVDS as this only requires a
moderate amount of implementation
effort

Applications with a higher resolu-
tion, however, will bring about a shift
towards (e)DP and HDMI. Including
everything beyond multimedia appli-
cations, a total of up to 10 displays or
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Elements of high-performing
ADAS clusters ...

... With the derived heterogeneous

signal processing level.

PCB space consumption
> 80% for intelligence
< 20% for I/O and signaling

Total 10 data rate consumption >150Gbit/s
60/40 share coax / differential
80/20 share single lane / multilane

RF material efficiency handling

* Signals with high power low kHz

* Signals with low power high GHz

Trace routing complexity for high frequency and
high port-density (multilayer PCB layouts to
decouple RF paths)

Full blown connectivity portfolio mix

Sensor fusion interfaces a
Display interfaces |
Storage interfaces

Networks Infotainment [Z] Safety

Fig. 1. Elements of high-performing computers and the heterogeneous signal processing that results from them

more is expected. For physical layer
(PHY) solutions, the various automo-
tive applications markets have long
been guided by consumer standards
and requires detailed high-speed
expertise for every design-in. The
semiconductor market as a whole
has a key influence on future wire
harness specifications. With com-
plex modules such as core ADAS
clusters, expectations range up to
150 Gbps, split between as many as
30 ports.

To establish chip-to-chip intercon-
nections within a device, protocols
such as PCle are taken as the basis
today. Future complex and fast al-
gorithms will require ultra-fast data
links.

A decision on the suitable/successful
PHY technology for this is expect-
ed between 2022 to 2024. Figure 2
provides an example with a focus on
high-speed links.

2. EMC and TE’s End-to-End

Engineering Approach

Vehicle electrification adds another
angle and challenge to the factors
listed above. While the rising amount
of data, with its high transmission
frequency at low operating volt-
ages requires an interference-free
network, the high currents and volt-
ages of an electric drivetrain create
interfering fields that can turn into an
additional influential variable for the

Main ADAS Cluster

=
sdqox

Redundant ADAS Cluster

Links with Data rates > 12Gbps
*  Redundancy for fail-safe operation
*  Least latency with the increase of bandwidth

*  Partial separation of Infotainment and Safety Domain
while maintaining Data Integrity and Consistency
(Example: Connection ADAS Camera € =2 Display)

Effects on the electrical system

*  Ultra-high data rates in forward / backward direction
lead to stringent channel limits or require separate lines
(multilane concepts)

*  High insertion losses with low cross section,
resonance effects with twisted pair cables

Infotainment Cluster

Fig. 2: High data rates of more than 10 Gbps will be especially required for high-resolution displays and automated driving
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data links. To ensure that high-volt-
age electronics can coexist with fast
data links, the high-voltage systems
must fulfill the same specifications.

All of the components and devices
(in the low voltage and in the high
voltage field) which are relevant
for Electromagnetic Compatibility
(EMC) have to meet the applicable
EMC standards in the vehicle to be
fit for co-existence. Electromagnetic
emission and electromagnetic sus-
ceptibility are regulated according
to these standards through conduc-
tive and radiation-coupled testing.
Figure Jillustrates TE Connectivity’s
(TE) role in the development of new
interconnection systems.

It is an established practice that EMC
requirements are designed-in from
the beginning of the development
for each new product. However, the
channel specifications (also coming
from standardizing bodies) contin-
ue to grow in significance. This is re-
flected in the left side of the above

illustrated development lifecycle,
while validation of interconnection
systems, through testing, is found on
the right side of the model.

As stated, as data gains significance
within in the vehicle, the require-
ments for data transmission reliabil-
ity also increase. This makes EMC a
key focal point of development

This global trend means that EMC
is becoming an an integral part of
the complete development process.
This paper shows how TE addresses
and ensures EMC during component
development using the example of
an interconnection system designed
for Automotive Ethernet. The focus
is primarily on point-to-point con-
nections for sensor data fusion and
data transmission via the Ethernet
network.

3. MATEnet Interconnection
System for UTP/STP

3.1 Objective

Interconnection solutions for the
Automotive Ethernet have to fulfill
considerably stricter requirements
on many levels than comparable
termination solutions for stationary
systems. In particular, the require-
ments span a much wider range of
permissible ambient temperatures
and the vibration resistance illus-
trate why only genuinely automo-
tive-grade components, designed
for this purpose, should be used in
a vehicle. This will have even greater
relevance when automated driving
further increases the already strin-
gent demands for robustness and
reliability.

A further challenge for automo-
tive-specific component develop-
ment is to create economical solu-
tions for such tough requirements.
TE Connectivity’s MATEnet intercon-
nection system is one example. This

Customer
Specification

OEM /
Tier 1

Standardization
(HDBaseT, IEEE,
Open, ISO, MIPI)

System

Silicon (channel specification)
Cabling (connector, cables)
EMC (CISPR25, ISO 11452)

Digital Engineering
S| Design (CST/HFSS/Altium), CAD,
Software based channel analysis

Requirements /
Feasibility Study

System- /
RF-Design

Component Design
* Mechanical
¢« Electrical

TE CONNECTIVITY‘S END-TO-END ENGINEERING CAPABILITIES

VALIDATION TRACEABILITY

SYSTEM / CAR LEVEL

LABORATORY

* PCB

Manufacturing and
Process Design

Development according to V-model assures fast time-to-market and extraordinary customer experience

* Environmental
* In-Vehicle
» Test Drive

Integration Test /
RF-Performance

Component
Integration
Prototyping

Go to
Market

Validation /
Customer Release

System Test Real Test Drive
In-vehicle EMC

testing capabilities

Accompanying EMC
Measurement capabilities

Tool Shop / Prototyping

Fig. 3: The V-model mainly serves to speed up time-to-market
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modular interconnection solution
terminates the individual elements
and links of a serial network based
on the Ethernet standard.

MATEnet makes it possible to trans-
mit intermediate amounts of data
with moderate latency times via sim-
ple twisted cables of the Unshield-
ed Twisted Pair (UTP) and Shielded
Twisted Pair (STP) types. Automo-
tive Ethernet based on UTP/STPis an
economical solution which will con-
tinue to gain in importance.

3.2 Automotive Ethernet Today
The next Ethernet generation with
transmission speeds of up to 1 Gbps
is now ready for introduction into
series projects. It expands the auto-
motive network structure by adding
another standard. Thanks to the ear-
ly completion of the specifications
defined by the IEEE working group
802.3bp in 2015, the OPEN Alliance
committee was able to deliver an in-
dustrial standard which provides the
basis for vehicle implementation.

The TC9 technical committee suc-
ceeded in putting together the
specifications for using unshielded
twisted cables (UTP) in vehicle net-
works. Currently an extension, add-
ing shielded cables (STP), is under
way and a result is expected in the
near future. Through an appropriate
choice of semiconductor, common
mode choke, connector, and cable,
UTP links can already be approved.

3.3 MATEnet Design Overview
MATEnNet is a comprehensive end-to-
end interconnection platform, with
many advantages. It is a modular and
scalable system with a core module
based on the standardized Nano-
MQS terminal and housing which
can be used in various configura-
tions as a multiport or for a sealed/
shielded application. A core benefit
of MATEnet lies in the ability to ter-
minate UTP and STP cables within a
single connector system.

Position core module

P

e.g. 1 pair harness

Fig. 4: The modular design of MATEnet

Figure 4 shows the components of
the modular MATEnet system using
the example of a 2-position intercon-
nection.

The scalable product philosophy
of MATEnNnet facilitates the termina-
tion of various cables with the same

twisted-pair module. FIG. 5 illus-
trates the possibility to interchange
an unshielded UTP termination (on
the right in Figure 5) with a shield-
ed STP option (on the left in Figure
5) - using with the same connector/
header. This option to scale up or
down makes it possible to change

Fig. 5: Using MATEnet, STP cables (front left) and UTP cables (front right) can be

terminated with the suitable frames without changing the header on the board
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Output
Common Mode

Stripline (total length 2m)

= Connectors

T Input

— ! Differential Mode

Test Boards with UTP /

!
T

Termination
Resistor

= / Networks

Fig. 6: Buildup of a stripline station as implemented in Neckartenzlingen

over to an EMC-optimized solution
in a challenging environment without
the need to make any costly changes
to the device.

Tip: More detailed information on
MATEnet can be found in the TE
Connectivity White Paper ,,Car Con-
nectivity based on Automotive Eth-

ernet”.

3.4. MATEnet - EMC Features
and Properties

The MATEnet interconnection solu-
tion has fulfilled all relevant EMC
tests (e.g. EMC according to CIS-
PR25) and thus paves the way for
cost-efficient introduction. Qualifica-
tion and approval according to valid
automotive standards have mean-
while been completed using series
production products.

TE testing capabilities include mea-
suring the shielding and coupling at-
tenuation via the triaxial test method
(measurement in the tube) at Ben-
sheim, Germany as well as EMC mea-
surements according to CISPR25 and
radiated immunity measurements
under ISO 11452 complete with elec-
tronics attached, performed in the
TE testing facilities in Neckartenzlin-
gen, Germany.

To characterize the EMC improve-
ment, the unwanted common mode
(“noise”) at the output of the stripline
can be quantified relative to the dif-
ferential wanted signal in a trans-
fer function, as depicted in Figure?7.
Compared to UTP (1I000OBASE-T1
cable) a MATEnet STP solution can
deliver a noise suppression which is
an improvement of approximately 15
dB.

The high-balanced STP cable (Dacar
647-4 type) has an additional inter-
mediate jacket which is located be-
tween the insulation of the wires
and the shielding braid. TE has de-
veloped this cable together with a

renowned cable specialist. Owing
to the additional jacket, the cable
shows properties which are more
similar to that of a round cable than
those of a twisted pair. Despite inev-
itable manufacturing tolerances that
can be found in the insulation thick-
ness following the extrusion of the
wire insulation, the jacket ensures a
specific minimal distance between
the stranded wires and the shielding
braid underneath the outer jacket. In
contrast to conventional shielded ca-
bles with the shielding braid directly
adjacent to the wire insulation, the
high-balanced cable’s mode conver-
sion properties are improved by ap-
proximately 20 dB.

20 . :
- Transfer Function (S,4) of MATEnet UTP vs. STP
-40 ‘ e
50 F — MATEnet UTP System
60 — MATEnet with high balanced STP Cable
— OPEN TC9 UTP Limit
.70 F
80 |
90
-100
[MHz]
-110 :
0,1 1 10 100

1000

Fig. 7: Stripline coupling attenuation measurement of UTP (green curve) and spe-
cial high-balanced STP cable (blue curve) in relation to the TC9 limit (red).

TE Connectivity White Paper /// Electromagnetic Compatibility in Connected and Electrified Vehicles

Page 7


https://www.te.com/usa-en/campaigns/transportation-solutions/matenet-wp-form.html

https://www.te.com/usa-en/campaigns/transportation-solutions/matenet-wp-form.html

https://www.te.com/usa-en/campaigns/transportation-solutions/matenet-wp-form.html


Electromagnetic Compatibility
in Connected and Electrified Vehicles

40
35 |

CISPR25 Stripline Emission with 1000BASET1 PHY and MATEnet Cabling System

30
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— MATEnet UTP System

— typical OEM Limit
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-10

— MATEnet with high balanced STP Cable

10 100
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1000

Fig. 8: Results of the stripline EMC measurement according to CISPR25 for UTP
(green) and STP (blue) in relation to a representative OEM limit (red)

The relevant approval procedures
on a system and ECU level are EMC
measurements under CISPR25. In
this context, the stripline measure-
ment offers advantages over anten-
na measurement in the frequency
band up to 1 GHz. Together with en-
gineering services experts, TE was
able to develop ECUs to demon-
strate the improved EMC range.
During this program the tests con-
firmed the expectations and an ap-
proval for unshielded and shielded
MATEnet cabling could be given
(Figure 8). In addition, the improved

coupling attenuation could be clear-
ly demonstrated.

The MATEnet STP frame is designed
to provide an improved shielding ef-
ficiency. The termination of the ca-
ble shielding within the core module
of the system is performed by ad-
ditional metal shielding inserts via
shielding contacts in the STP frame.
This partial shielding concept utilizes
the remaining common mode share
being drained via the metal symme-
try sheets in the header. Therefore,
a partial shielding proved sufficient

EMC
Budget

System

o
%]
c
T
£
—
(o]
L=
.
o
[«
) Balance
=

W

Possible

Enhancement

~10...20dB
System
Shielding

System
Balance

UTP UTP STP
T100BASE-T1 1000BASE-T1
grade grade

System
Balance

Coupling
Attenuation

Fig. 9. Complementing benefits of the high-balanced cable and shielding

to meet the EMC standards with the
shielded MATEnet by achieving a
moderate EMC improvement in the
relevant range. Looking at the EMC
behavior in total (the permissible
EMC level) from IC to IC (i.e. over the
full length of the measured link) one
can easily understand the comple-
menting effect of the high-balanced
cable and the shielding (Figure 9).

4. The MATE-AX Coaxial
Interconnection System
and its EMC Properties

In the vehicle coax cables are pre-
ferred over differential interconnec-
tions systems because coax cables
are very compact and easy to wire.
Though originally developed for
transmitting analog signals in radio
and antenna systems, they are now
being used for digital point-to-point
interconnections (high-speed lines)
in infotainment and also for safe-
ty-critical applications, such as con-
necting ADAS cameras.

The preferred coax solution for this
type of fast ADAS sensor are sys-
tems such as the miniaturized coax
interconnection system MATE-AX
because they offer the necessary
bandwidth for transmitting raw cam-
era data. Via a channel-based analy-
sis it was possible to show the com-
patibility for data rates >10 Gbps. In
addition a buffer for potentially even
faster transmission could be identi-
fied. The increasing relevance of dig-
ital coax interconnection systems
requires additional test parameters
with EMC assuming a pivotal role.

4.1 Brief Introduction to the MATE-
AX Design

MATE-AX is a miniaturized coax in-
terconnection system for vehicle ap-
plications. MATE-AX is the result of
detailed optimization work, to meet
the challenging requirements of RF
transmission. Among the main quali-
ty features of the receptacle terminal
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Fig. 10: 90° MATE-AX header (left), 180°
receptacle connector (center) and 180°
pin connector (right)

is the welded contact box which en-
sures high robustness, the reduced
stubbing potential that is owed to
carefully designed chamfers to lead
in the pin contact into the female ter-
minal, and a design with the dielec-
tric covering the conductor crimp of
the inner terminal to provide short
circuit protection. During the assem-
bly of the connector, the terminal is
fully inserted into the housing cavity

which adds to the overstress protec-
tion level as lateral forces that could
cause deflection are better absorbed
by the cavity walls.

The MATE-AX receptacle termi-
nal and pin terminal fit on existing
RTKO31and RG174 coaxial cables. To
terminate several camera signals as
a physical first step of sensor fusion,
miniaturized multi-port PCB headers
establish themselves as a solution
as they help save space in a central
ECU. Figure 10 provides examples
from the MATE-AX portfolio. The fig-
ure also shows that MATE-AX termi-
nals are very short in comparison to
other products in the market. Figure
77summarizes core product features.

1 Pulse-amplitude modulation and
innovative cabling can double the
net rate, which facilitates 12 Gbps

Tip: For a more comprehensive back-
ground on MATE-AX please refer to
the TE Connectivity White Paper
,Miniaturized Automotive Coax Ter-

minals”.

it

Support broad application ranges including Network, Info-
tainment and Safety relevant functions

12 Gbps

(AL ARNN)

ADAS purposes

Long term support on high speed silicon products beyond

Superior RF and bandwidth capabilities (beyond 10 GHZz)
Full EMC compliance capabilities (CISPR25, ISO 11425)
Successful compliance on a 6 Gbps NRZ coded PHY for

0@‘

Terminals fully protected in housing cavities
High resistance against side pull
High keying effectiveness (min. 130N depending on variant)

Proven seal connector design

O

sealed components

Shortes terminal in the market
Consequent miniaturization (4x4 mm pitch)

5 Full product offering: 180°, 90°, unsealed and

Supports various cable types (RTKO31, RG174)

Fig. 11: Overview of MATE-AX features

Electromagnetic Compatibility
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4.2 Coupling Mechanisms and

the Triaxial Procedure

in Relation to the

MATE-AX System Design
To evaluate the EMC performance
of a component or transmission link
four different mechanism of cou-
pling can be allocated to several ar-
eas of testing. Figure 12 summarizes
the parameters, which are relevant
for automotive cable assemblies in
the context of this paper. The mid-
dle branch in Figure 12 (i.e. capaci-
tive and inductive coupling), which
applies to passive components, is
taken care of by the connector man-
ufacturer during component devel-
opment, and this branch plays a key
role especially with multiport appli-
cations.

To address the right branch (rep-
resenting radiated coupling) shield
attenuation can be measured with
the triaxial procedure to facilitate an
evaluation of the EMC performance
(Figure 13). This serves to prepare
the very sophisticated EMC mea-
surement at the ECU level. In partic-
ular potential weak spots of a cabling
system can be thus avoided.

The right branch in Figure 12 can only
be handled in a cooperation between
the connector manufacturer and the
OEM or IC maker during the develop-
ment because testing in this phase
includes the full electronics (ECU/IC)
as in the installed state to ensure the
correct function in the vehicle.

Electromagnetic emission is tested
according to CISPR25, and electro-
magnetic immunity according to ISO
1452-2,4. In combination this means
that for each link the performance of
every component in the link plus the
complete link are tested as a source
and as a drain of electromagnetic in-
terference.

The V-model (cf. Figure 3) shown at
the beginning explains that meeting
the component limits during the ear-
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Fig. 13: Principle of the triaxial test procedure according to DIN EN 62153-4-7, as it is

done in Bensheim

ly development phase provides the
basis for meeting the OEM vehicle
limits which are typically the result
of long experience. This ensures the
coexistence of all electromagnetic
sources and drains which is the pre-
condition for a correct function.

The correlation between EMC lim-
its and the goal to ensure a correct
function in the car is considered op-
timal when the component limits
can be met in the tests according
to CISPR25 / I1SO 11452 on ECU lev-
el. However, to meet the ECU-level
tests, shielding and coupling attenu-
ation measurements serve to assess
the EMC budget.

4.3 MATE-AX Design and
Shield Effectiveness

The following results were measured
with the MATE-AX terminal, which
ensures a low-ohmic shield connec-
tion via a 360° shield and slots which
are oriented towards the direction of
the current flow (Figure 14). As the

slots of the spring on the recepta-
cle side are in line with the current
flow, they are no obstacle to the cur-
rent flow. The recess that is visible in
Figure 14 allows an automated cam-
era-based checking of the correct
terminal position in the assembled
connector.

For comparative reasons two differ-
ent types of cable were used during
the shield effectiveness testing:

Figure 15 shows the different atten-
uation results for a coax line with a
braided shield only (left) versus a
high-performance cable with braid
and foil shield /right). The different
attenuation performance is easily ex-
plained. With low-frequency appli-
cations the low resistance between
cable and shield sleeve makes the
braided mesh the method of choice.
With high-frequency (digital) appli-
cations like in the field addressed in
this paper, however, the excellent
shielding of the cohesive foil (i.e. an

uninterrupted metal layer) against
radiated coupling comes to fruition.
At higher frequencies (which equal
shorter wavelengths) the apertures
of the braid will become permeable
for radiation.

That is why the high-performance ca-
ble in Figure 15 (right side) achieves
a superior attenuation of around 80
dB in the relevant frequency band
of 2 to 4 GHz while the standard ca-
ble with braided shield only does
not show an attenuation better than
a solid 50 dB in the same frequency
band.

Clearly, it is necessary to use a
high-performance cable in combina-
tion with a suitable connector design
to meet the EMC limits. A typical use
case helps to highlight this: If, for in-
stance, an ADAS camera is installed
in a side mirror and its signals are
transmitted via a coax cable with just
a braided shield, the mirror angle can
influence the geometry of the braid-
ed shield via torsional forces, which
can even increase electromagnetic
radiation.

Fig. 14: MATE-AX pin terminal (top) and
receptacle terminal (bottom)

4.4 Emission Results according to
CISPR25 and Signal Integrity
according to ISO 11452-4
(BCI - Bulk Current Injection)
for an NRZ-coded Data Rate
of 3 Gbit/s

As explained in the section on cou-

pling mechanisms, CISPR25 is the

relevant test to measure the EMI
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miniKoax 4 port unsealed 180deg Connector
Normalized Shielcing Effectiveness a, (Z, = 150 )
Triaxial-Method (Tube in Tube, /= 1 m)

-20

miniKoax 4 port unsealed 180deg Connector
Normalized Shielding Effectiveness , (Z, = 150 )
Triaxial-Method (Tube in Tube, /= 1 m)

20 4

Attenuation a in -dB

100 1000
Frequency fin MHz

Attenuation a in -dB

140 1 - e
10 100 1000 10000

Frequency fin MHz -

Fig. 15: Shield attenuation of an antenna cable with braided mesh only (left) vs. a

high-performance cable with braid and foil designed for digital signals (right)

emission. The standard’s valid ver-
sion four, dating from 10-2016,
contains comprehensive limit val-
ues which also cover requirements
posed by drivetrain electrification.
Interference severity level 5 contains
the most demanding requirements
to acceptable interference emission
levels and was applied as limit to the
measurement below.

To assess the data transmissions
system’s performance, the limits for
broadcast and cell phone services
are pivotal to ensure that such par-
allel services can work without mu-
tual interferences. The figure below
shows the influence of a housing
shielding at the PHY (Board Lev-
el Shield, BLS) within an frequency
band of up to 3 GHz. To highlight the

results for the electronics, the test
setting was changed in comparison
to the standard setup by moving the
antenna to the ECU position.

As the measurement in figure 16
shows, all limits of severity level 5
could be met within the complete
frequency band. This mirrors an ex-
cellent performance of the coaxial
channel, with the possibility to fur-
ther improve the coupling behavior
by an additional (optional) shielding
at the PHY.

For a production ECU with coax
connectors it is quite important to
ensure a suitable galvanic isolation
(GND) from other potential coupling
sources. As a conclusion one can see
the excellent EMC performance.

For the sake of completeness, the
measurement of RF immunity with
a current clamp according to ISO
1452-4 (Bulk Current Injection, BCI)
is also provided. During this proce-
dure the signal quality was moni-
tored visually via error-indicating
LEDs. All relevant tests of this pro-
cedure with 200 mA of current were
passed (cf. Figure 17).

Outlook

Current high-speed SerDes solu-
tions, which are being implemented
in the vehicle, focus on 3 Gbit/sec for
HD-cameras with moderate frame
rates and on high-end infotainment
displays. In the case of cameras
the required resolution and frame
rates will go up to meet the needs
of partial driving automation (e.g. 8
megapixels)

In the intermediate term this will lead
to chip solutions for 6...12 Gbit. In the
case of new display systems the high-
er resolution plus daisy chain architec-
tures will result in higher data flows.
TE is supporting chip manufacturers
with EMC-relevant research to validate
the technology side just as much as
to validate additional tests, required
for approval. In the very near future
TE will conduct further tests and mea-
surement on high-speed systems.
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Fig. 16: CISPR25 test results - all limits of severity level 5 are met
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Fig. 17: Coax test results according to ISO 11452-4

5. Conclusion

Future automotive applications
and the trend-setting shift to ser-
vice-oriented architectures create
more challenging requirements to
network components in relation to
modularity, scalability and band-
width. In addition to higher transmis-
sion frequencies and larger amounts
of data, high-voltage cables pose a
challenge because all these elements
of the physical layer have to coexist
reliably and without interferences
within the vehicle.

The development-accompanying
optimization of the EMC behav-
jor therefore also plays a role that
should not be underestimated for
connection systems.

TE is validating its automotive-grade —

interconnection solutions, such as
MATEnet for Automotive Ethernet
and MATE-AX for coax links, via
comprehensive EMC testing. This
enables them to fit seamlessly, safe-
ly and reliably into the existing and
future networks of data and power
lines. The performance features of

the two interconnection systems dis-
cussed in this paper meet both the
current and future requirements.

The unshielded MATEnet system for
100 Mbit and 1 Gbit was approved
for use within the automotive net-
work Ethernet by completing the
qualification process according to
valid automotive standards, under
OPEN TC9 plus valid EMC standards
such as CISPR25. As a result, the
implementation of TOOBASE-T1 and
1000BASE-T1solutions in the vehicle
can now be initiated.

The performance to meet the appli-
cable EMC test standards for coax
links was demonstrated by TE in July
of 2019 by using a system based on
a current chip. The MATE-AX de-
sign delivered excellent test results,
which means that this type of robust
automotive-grade coax interconnec-
tion system can be approved for ve-
hicle use.
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