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OEM use cases
• Feedback from several individuals in OEMs:


• Doarte Gonzalves - PSA


• Magnus Eek - Volvo


• Natalie A Wienckowski - GM


• Michael Kaindl - BMW


• Dr Rüdiger Roppel - Porsche


• Mashita Yoshihisa - Jaspar: 
        Toyota, Nissan, Honda, Mazda, Suzuki MC, Isuzu, Subaru, …
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Multi-Gigabit use case 1

Use case name: Smart antenna

Model year intro date: Q1/FY25

Use case description: Antenna hub which aggregates signals

from GNSS, 5G, RF and GPS and sends it the head unit

Max. Bitrate: 2.5 Gbps

Key issues to take into account: 

Radiation self coupling of transmission line into 

antenna

Low profile

Non conductive ceiling

High temperature profile (105ºC)

Maximum latency 5 us

Source: Doarte Gonzalves 
         PSA
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Multi-Gigabit use case 2

Use case name: Multi-domain Backbone

Model year intro date: Q1/FY25

Use case description: 

Aggregation of main Ethernet 

communication over backbone link between main Ethernet ECU’s 

Max. Bitrate: 5 / 10 Gbps

Key issues to take into account: 

High temperature profile (105ºC)

Latency, …

ADAS 
Domain

Body
Domain

Ethernet Multi-gig 
Optical

Source: Doarte Gonzalves 
         PSA
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Multi-Gigabit use case 3
Use case name: SENSORS (Cameras, Lidars,…)
Model year intro date: Q1/FY25
Use case description: Aggregates high definition signals
from sensors (video without compression)
Max. Bitrate: 2.5 / 5 Gbps
Key issues to take into account: 

High temperature profile (105ºC)
Low latency

ADAS 
DomainSensors

Ethernet Multi-gig 
Optical

Source: Doarte Gonzalves 
         PSA
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Multi-Gigabit use case 4
Use case name: Display
Model year intro date: Q1/FY25
Use case description: Aggregates high definition signals
from video source to Screen 
Max. Bitrate: 2.5 / 5  Gbps
Key issues to take into account: 

High temperature profile (105ºC)
Latency, …

Head UnitDisplay

Ethernet Multi-gig 
Optical

Source: Doarte Gonzalves 
         PSA
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Multi-Gigabit use case 5G 
Connectivity 

Use	case	name:	5G	Connectivity	/	Smart	antena	
Model	year	intro	date:	TBD	
Use	case	description:	Antenna	hub	which	aggregates	signals	
from	GNSS,	5G,	RF	and	GPS	and	sends	it	to	the	head	unit	
Max.	Bitrate:	2.5	Gbps	
Key	issues	to	take	into	account:		
	 Radiation	self	coupling	of	transmission	line	into	antenna	
	 Low	profile	
	 Non	conductive	ceiling	
	 High	temperature	profile	(105ºC)	
	 Maximum	latency	5	us	

Source: Magnus Eek 
         Volvo
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Multi-Gigabit use case Magnetic 
Immunity communication

Use	case	name:	Electro	Magnetic	Immunity	communication	
Model	year	intro	date:	TBD	
Use	case	description:	Communication	for	high	Electro	Magnetic	
Immunity	for	AD	Fall	back	minimum	risk	condition	(Intentional	
EMI	for	Safe	Stop,	Thunder) 
	

Source: Magnus Eek 
         Volvo
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Multi-Gigabit use case Back 
bone

Use	case	name:	Back	bone		
Model	year	intro	date:	TBD	
Use	case	description:	Communication	between	Core		System	
ECUs	
Max.	Bitrate:	10	Gbps	
Key	issues	to	take	into	account:	Position	in	car	both	engine	and	
passenger	compartment.	  
High	temperature	profile	(125ºC)	

Source: Magnus Eek 
         Volvo
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Multi-Gigabit use case 
Uncompressed camera

Use	case	name:	Uncompressed	camera	data	
Model	year	intro	date:	TBD	
Use	case	description:	Raw	data	from	camera	to	processing	
unit.	
Max.	Bitrate:	10	Gbps	
Key	issues	to	take	into	account:		

Source: Magnus Eek 
         Volvo
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Multi Gig optical use cases
• Camera, Display, Sensors connection (Serializer function!) 

• Asymmetric function needed.

• Download up to 10Gbit, uni directional;

• Upload: Low Speed  (10…100MB) Status/ Control


• Backbone – point to point  2…10 ECU 

• Required for Autonomous Driving Level 3 and beyond 

• Bandwidth from 2.5 Gbps to very high speeds


• Data cloud in the car (as one potential solution) 

• A central data storage system, where the data available 

for usage when needed/requested by the processor. 

• Also, we should use higher level of SW-Design & abstraction,  in order to 

achieve flexible structures, and reduce amount of information to be 
stored

Source: email from Dr Michael Kaindl 
        BMW
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Multi Gig optical use cases
• Camera connection 

• TODAY

• Download stream 1GB,  up to 6 Gbps ; upload stream 100 Mbps is enough


• Future

• Asymmetric function (only) needed. Download up to 10 Gbps, upload 

10/100 Mbps

• Autonomous driving  

• Camera/radar sensors applications

• Serial (one direction) link is required. Download stream up to 10 Gbps. No 

upload

• Display:


• We need the asymmetric mode:

• High speed: Image Data, uni directional

• Low Speed  (10…100 Mbps) Status/ Control


• Backbone – point to point  2…8 ECU units 

• In redundancy configuration. Optical & Copper.

• Bandwidth 10 Gbps and beyond

Source: email from Dr Rüdiger Roppel 
           Porsche
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I am interested in investigating the suitability of optical Ethernet for 
Automotive applications faster than 10 Gb/s, e.g. environment, 
manufacturability, serviceability, etc. 

I expect that as speeds increase, optical may have an advantage in 
some or all of EMC, power, weight. 

Source: email from  Natalie Wienckowski
                        General Motors
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Industry activity status
• Jaspar: Japanese automotive industry association 

(https://www.jaspar.jp/en/)

• Vision 
• Lead the automotive industry by promulgating and encouraging 

the broad-based adoption of new ideas and technologies.

• Mission 
• Identify the common issues to be faced in the future by the 

automotive electronics sector.

• Undertake standardization initiatives aimed at resolving identifed 

issues.

• Members 
• 12 OEMs (Toyota, Nissan, Honda, Mazda, Suzuki MC, Isuzu, 

Subaru, …)

• 43 Suppliers

• 78 Software/Tool vendors

• 27 Semiconductor/Component vendors

• 25 Others (Trading companies, Universities,...)
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Use of optical or copper multi-gig 
Information provided by Jaspar

• Source: 
Mashita(真下 喜久) Yoshihisa 
Jaspar

Japan Automotive Software Platform and Architecture

Background – IVN architecture overview

Major usecases of 1Gbps are: backbone, Sensor network...

5

10Gbps

1Gbps
(1000BASE-T1/RH)

100Mbps
(100BASE-T1/TX)

10Mbps
(10BASE-T1S)

“Today”

LVDS

“Future”
Key feature :
Connected, Cyber security, High-level 
aided driving, Autonomous driving

DCU

DCU DCU
(ADAS/AD)

CGWDCU

Camera

Sensor

Sensor

TCU

OBD
SW

Sensor

Sensor

Sensor

Sensor

SW
ECU ECU

SW

SW

Camera

CameraSoC

Utilize internet protocol suite and expand bandwidth

Make full use of In-vehicle 
Ethernet technology

ECU ECU

2.5, 5, 10Gbps

1Gbps 
(1000BASE-T1/RH)

100Mbps 
(100BASE-T1/TX)

10Mbps 
(10BASE-T1S)
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Use cases

2.5 Gbps 5 Gbps 10 Gbps 25 Gbps 50 Gbps Unidirectional

Backbone

Smart 
Antenna

Cameras, 
Sensors

Display

Future

Target SOP date: 2025
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Is there critical mass in the industry to 
provide very high speed optical links for 

Automotive ?
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Is there critical mass in the industry to 
provide very high speed optical links for 

Automotive ?
• High bandwidth Fibres

• Capable of support automotive 

requirements: Thermal, Aging, 
Cost, …


• Bending

• Strength 

• Connectors

• Capable of support automotive 

requirements: Thermal, Aging, 
Cost, …


• Water / Dust Proof

• Vibrations

• Strength

• Losses 

• VCSELs

• Capable of support automotive 

requirements: Thermal, Aging, 
Cost, …


• Bandwidth 

• Photo Diodes

• Capable of support automotive 

requirements: Thermal, Aging, 
Cost, …


• Noise 

• Semiconductors

• Knowhow to develop high 

speed optical links for 
Automotive applications
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Fibres
• Different suppliers are suggesting different fibres 

 
 
 
 
 
 
 
 
 
 

Source: Takahashi, Tadashi; Nitto
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Fibres
• Different suppliers are suggesting different fibres 

 
 
 
 
 
 
 
 
 
 

http://www.ieee802.org/3/NGAUTO/public/jan17/whelan_3NGAUTO_01b_0117.pdf
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Fibres
• Different suppliers are suggesting different fibres 

 
 
 
 
 
 
 
 
 
 

Source:	Hayato	Yuki,	Sumitomo	Electric
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Connectors
• Connector suppliers are in advanced development of Multi-gig 

optical connectors 
 
 
 
 
 
 
 
 
 
 
 

Source:	Ulrich	Kleymann,	Yazaki

Source:	Shoji	Kawashima,	TE	Connec>vity;	
															Tomohiro	Kikuta,	Adamant	Namiki	
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Optical devices
• VCSELs and PD being qualified for Automotive applications

• Reducing current density of VCSEL

• Use robust PD architectures 

 
 
 
 
 
 
 
 

42 Elektronik BVUPNPUJWF�4QFDJBM�*TTVF�.045�����

NETWORK AND SYSTEM

following factors have been evaluat-
ed: 

Optical device ➜

Receiver ➜

Package ➜

&WBMVBUJPO�PG�PQUJDBM�EFWJDFT

First, the selection of the optical de-
vices has to be considered. The candi-
dates for the light emitter are a semi-
conductor laser (LD), a vertical cavity 
surface emitting laser (VCSEL) and a 
resonant-cavity light emitting diode 
(RCLED). The RCLED is an effective 
choice regarding price and reliability. 
However, the speed of the RCLED is not 
suitable for high-speed communication 
up to the gigabit range. Therefore, in 
the case of using a RCLED, parallel com-
munication like “250 Mbit/s to 500 
Mbit/s × n” has to be considered. The 
parallel method requires multiple parts 
and the structure becomes complex, so 
there is no price advantage. 

The use of a VCSEL or a LD is neces-
sary for high-speed communication. In 
the case of those two devices, their 
speed is sufficient. The reliability has to 
be considered. Both the VCSEL and LD 
are used in a wide range of applica-
tions. However, in the case of automo-
tive applications, their reliability is un-
known. Therefore, their capability for 
this area has to be checked. From a cost 

al handling processes necessary in pro-
duction because the part is reflow sol-
derable and can easily be handled by 
automatic pick and place machines. In 
addition to the SMD version of 
MOST150, the SMD version of MOST25 
has recently been released and ship-
ping of these parts has already started. 
The Sidelooker package for MOST150 
uses a new kind of resin that enables 
automatic handling in reflow soldering 
processes.

Hamamatsu Photonics’ line-up of 
opto-semiconductors covers a wide 
spectrum, such as infrared, visible and 
ultraviolet regions, X-rays and even 
high energy particles. These are used in 
fields like automotive, medical diagno-
sis, scientific measure-
ments, communications 
or consumer electron-
ics.

The company pro-
duces not only silicon (Si) 
semiconductor devices 
but also compound sem-
iconductor devices such 
as indium gallium arse-
nide (InGaAs) and gal-
lium arsenide (GaAs). In 
the MOST market, more 
than 100 million pieces 
of FOTs have been pro-
duced during the last ten 
years. These FOTs are 
highly reliable with a fail-
ure rate of less than 
1 ppm. Furthermore, the 
user profits by the in-
house support including 
IC design, package de-
sign, infrared LED wafer 
production and PD wafer 
production. 

Next generation networks

For the next generation of MOST net-
works, Hamamatsu is developing a new 
FOT which is capable of 5 Gbit/s com-
munications. The target is a cost-effi-
cient and high reliable FOT suitable for 
automotive applications. So, Hama-
matsu Photonics will outline this idea 
regarding the use of FOTs for gigabit 
communications in automotive appli-
cations. The basic factors incorporated 
into the design of the FOT are transmis-
sion speed and power budget. This is 
strongly dependent on the character-
istics of the emitter (Tx) as well as the 
receiver (Rx), and the coupling condi-
tion with an optical fiber (5BCMF��). The 

'JHVSF����&ZF�QBUUFSO�BU�o���E#N�	����ON�7$4&-
�1$'�	�����N�EJBNFUFS
�(B"T�1%�	�����N�EJB�NFUFS
�� �
� �	4PVSDF��)BNBNBUTV�1IPUPOJDT


Item Speed availability
@ 20 m

Detector

Technology

TOSA, ROSA and
SFF or XFS

GaAs-PD
InGaAs-PD
Si-PD
VCSEL
Edge emitting LD
RCLED

SMD
Sidelooker
Sub Assembly

Emitter

Package

7 GHz
> 10 GHz
1.5 GHz
> 5 GHz
> 5 GHz

< 500 MHz

> 10 GHz

< 1 GHz
< 1 GHz ?
> 5 GHz ?

Cost

High
Very High

Low
Low
High
Low

High

Low
Low
Low

Automotive
quality

Acceptable
Acceptable
Very Good
Challenge
No Good

Very Good

Good

Very Good
Very Good
Very Good

Remark

850 nm, 0.6 A/W
For 1.3, 1.55 μm

For 850 nm, 0.3 A/W

Module

FOT
FOT
FOT

5BCMF����$PNQBSJTPO�UBCMF�GPS�EFWJDFT�BOE�QBDLBHFT�GPS�HJHBCJU�DPNNVOJDBUJPOT�

http://www.ieee802.org/3/NGAUTO/public/adhoc/Kropp_NGAUTO_0317.pdf

Source: Takayuki Suzuki 
                          Hamamatsu Photonics
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Semiconductors
• 1000BASE-RH is a successful story implementing advance 

modulation techniques in automotive optical applications:


• Linear high speed opto-electronics


• 16 PAM modulation


• TH precoding


• Multilevel coset coding with BCH inner code


• Advanced equalization and synchronization
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CFI proposal

• To create a Study Group for the standardization of an 
Optical Multi Gig Ethernet Physical Layer in Automotive 
Applications


• To be presented during July Plenary in Vienna
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