Survey: Automotive Cabling

Objective:

The survey is targeted at automotive OEMs and suppliers to be used
to assist the IEEE 802.3 Reduced Twisted Pair Study Group
(RTPSG) in developing link segment objectives and project criteria.

IMPORTANT NOTICE

This survey has been prepared to assist the IEEE 802.3 Working Group / Reduced Twisted Pair
Study Group (RTPSG) in its standards development work. Your response to this survey will be a
contribution to the IEEE, and you grant IEEE a non-exclusive, irrevocable, worldwide royalty-free,
right to use the contribution. You are also cautioned that your contribution may be disclosed in
public or semi-public forums and should not include competitively sensitive information.

For more information, see:

IEEE Standards Association (IEEE-SA) Copyright Policy available at
<http://standards.ieee.org/IPR/copyrightpolicy.html>

Promoting Competition and Innovation: What You Need to Know about the IEEE Standards
Association’s Antitrust and Competition Policy, available at
<http://standards.ieee.org/develop/policies/antitrust.pdf>

IEEE patent policy in Section 6.3 of the IEEE-SA Standards Board Operations Manual
<http://standards.ieee.org/guides/opman/sect6.html#6.3>

Understanding Patent Issues During IEEE Standards Development
<http://standards.ieee.org/board/pat/guide.html>.



1 _Purpose

The purpose of the survey is to characterize automotive cabling; e.g.,
cables, connectors, wire harnesses and assemblies for current and
future differential signaling over balanced twisted-pairs.

The survey information will be used to assist the IEEE 802.3
Reduced Twisted Pair Study Group (RTPSG) in developing link
segment objectives and project criteria.

Please take the time to fill in the following questionnaire. Your
participation is appreciated.

Respondent Information — Automotive cabling survey

Company and Personal Profile - Please Print

Your Name

Your Company Name

City/State/Zip

E-MAIL

Your Job Function




1. Survey Questionnaire —

1. Figures 1 is provided as a reference to assist in responding to
survey questions. The IEEE 802.3 nomenclature is bracketed to
identify relationship to the IEEE 802.3 definitions.

Figure 1 Automotive cabling Topology
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2. Wire harness or assembly topology (see Figure 1).

2.1 Maximum length in meters of wire harness or assembly
between active electronic devices — report current applications
and lengths [EC] to [EC].

[ meters ] length in meters

2.2 Maximum length in meters of wire harness or assembly
between active electronic devices — report future applications
and lengths [EC] to [EC].

[ meters ] length in meters



2.3

2.4

2.5

2.6

2.7

2.8

2.9

Number and type of inline connectors [C] between active
electronic devices — report current applications.

[ ] number of connectors

[1[]type of connector(s)

Number and type of inline connectors [C] between active
electronic devices— report future applications

[ ] number of connectors

[1[]types of connector(s)

Type of active electronic connectors [AEC] — report current
applications.
[1[]type of connector(s)

Type of active electronic connectors [AEC] — report future
applications.
[1[]type of connector(s)

Number and type of inline connectors [C] between active
electronic devices— report future applications

[ ] number of connectors

[ ] type of connectors

Are there requirements for future applications to be
mechanically compatible to existing connector systems?
[Y/N]

Are there requirements for mechanically compatible connector
systems between automobile manufacturers?
[Y/N]



3. Balanced twisted-pair cable used in wire harness or assembly
(see Figure 1 and Figure 2.) report parameters and values.

3.1 Current automotive applications

Gauge [AWG] [or conductor in mm]
Impedance [ohm +/-]

Shield [Y/N] [shield type]

Copper conductors [Y/N] solid [Y/N] stranded [#strands]

Direct current resistance [milliohm/meter]

3.2 Future automotive applications

Gauge [AWG] [or conductor in mm]
Impedance [ohm +/-]

Shield [Y/N] [shield type]

Copper conductors [Y/N] solid [Y/N] stranded [#strands]

Direct current resistance [milliohm/meter]

4. Bundled cable types in wire harness or assembly (Figure 1)

4.1 Report data rates of differential signaling applications in bundle
[data rate]
4.2 Report other data rates not using differential signaling in bundle

[]
4.3 Report voltage/power in bundle [ ]

5. External noise sources

5.1 Report steady state noise (including frequency content)

5.2 Report time variable noise (things that come and go)

5.3 Report impulse noise

5.4 Report radio frequency interference - modulated signals (i.e.,
cell phone type signals)



6. Automotive cabling system characteristics

Table 1 is provided as a reference to assist in reporting automotive
cabling parameters that are used by Ethernet PHY designers.

Table 1. Cabling parameters

Transmission
parameters

Coupling parameters
(within Link segments)

Coupling parameters
(between Link segments)

Balance parameters

Insertion Loss

Near-End crosstalk (NEXT) loss

Alien Near-End crosstalk loss
(ANEXT)

Transverse conversion loss
(TCL) — SCD11

Differential
characteristic
impedance

Multiple disturber near-end crosstalk
(MDNEXT) loss

Multiple Disturber Alien Far-
End crosstalk loss
(MDANEXT)

Longitudinal conversion loss
(LCL) —SDC11

Return Loss

Far-End crosstalk (FEXT) loss
Specified as equal level FEXT
(ELFEXT)

Alien Near-End crosstalk loss
(AFEXT)

Transverse conversion
transmission loss (TCTL) —
SCD12

Multiple Disturber Alien Far-
End crosstalk loss

Longitudinal conversion
transmission loss (LCTL) —

Multiple disturber Far-end crosstalk (MDAFEXT) SDC12
(MDFEXT) loss Specified as power sum
Propagation Delay | Specified as MDELFEXT (ELFEXT) (PSAELFEXT)
Specified as power sum
Delay Skew (PSAELFEXT)

Figures 2 illustrates the coupling parameters NEXT, FEXT within a
cable sheath and alien crosstalk between cable sheaths.

Figure 2 Crosstalk within and between cable sheath
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Please check blank cell adjacent to cabling parameters in Table 2
that are used to specify balanced twisted-pair cables and/or
connectors used with twisted-pair cables in automotive wire
harnesses or assemblies.

Table 2 Cabling parameters

Check| Transmission [Check| “~OUPIMG T Check| “OUPMY  TCheck| Balance
box | parameters | box parameters box | Parameters [ oy | harameters
(within Link (between Link
segments) segments)
Transverse
Near-End Alien Near- conve\;sion
crosstalk End crosstak oss (TCL) —
Insertion Loss (NEXT) loss loss (ANEXT) aCD 1
IVIUIIPIC L |t d I
Mutiple Disturber Alien il
Differential distuber Near- Far-End loss (LCL)
characteristic End crosstak crosstalk loss _SDC11
impedance (MDNEXT) loss (MDANEXT)
Transverse
conversion
Far-End Alien Near- transmission
loss (TCTL)
cros stalk End crosstalk SCD
Return Loss (FEXT) loss loss (AFEXT) - SCb12
S
Muttiple Disturber Alien .
disturber Far- Far-End transmission
P . loss (LCTL)
ropagation end crosstalk crosstalk loss _SDC12
Delay (MDFEXT) (MDAFEXT)
Delay Skew

Figure 3 and Table 3 provide references for signaling impairments
naming and s-parameter designations derived from four port network.

Figure 3 Four port network
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Table 3 Port mapping — signal impairment naming to s-parameters

Port 1 Port 2 Port 3 Port 4
cc| Scci RLcc11 Scc12 ILcc12 Scc13 | NEXTee13 | Sccld4 | FEXTccl4
- cd | Scd11 TCLcd11 Scd12 | TCTLcd12 | Scd13 | NEXTcd13 | Scd14 | FEXTcd14
& |dc| Sde1t LCLdc11 Sdc12 | LCTLdc12 | Sdc13 | NEXTdc13 | Sdcid4 | FEXTdc14
dd | Sdd11 RLdd11 Sddi12 ILdd12 Sdd13 | NEXTdd13 | Sdd14 | FEXTdd14
cc| Scc2 ILcc21 Scc22 RLcc22 Scc23 | FEXTcc23 | Scc24 | NEXTec24
"t“ cd| Scd21 | TCTLed21 | Scd22 | TClLecd22 | Scd23 | FEXTcd23 | Scd24 | NEXTcd24
& |de| Sde21 | LCTLde21 | Sde22 | LCLde22 | Sdc23 | FEXTde23 | Sde24 | NEXTdc24
dd| Sdd21 ILdd21 Sdd22 RLdd22 Sdd23 | FEXTdd23 | Sdd24 | NEXTdd24
cc| Sce31 | NEXTee31 | Sce32 | NEXTee3d2 | Scc3i3 RLecc33 Sccid ILcc34
@ |ed| Scd31 | NEXTcd31 | Scd32 | NEXTcd32 | Scd33 | TCLcd33 | Scd34 | TCTLcd34
E dc| Sdc31 | NEXTdc31 | Sdc32 | NEXTdc32 | Sdc33 LCLdc33 Sdc34 | LCTLdc34
dd | Sdd31 | NEXTdd31 | Sdd32 | NEXTdd32 | Sdd33 RLdd33 Sdd34 ILdd34
cc| Sccd1 | FEXTccd1 | Sccd2 | FEXTccd2 | Sccdld ILcc43 Sccdd RLcc44
::' cd| Scd41 | FEXTcd41 | Scd42 | FEXTcd42 | Scd43 | TCTLcd43 | Scd44 | TClcd44
& |dc| Sdc41 | FEXTdcd41 | Sdcd2 | FEXTdcd2 | Sdcd3 | LCTLdc43 | Sdcd4 LCLdc44
dd| Sdd41 | FEXTdd41 | Sdd42 | FEXTdd42 | Sdd43 ILdd43 Sdd44 RLdd44




Figure 4 Cable types
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Survey: Automotive Cabling

Objective:

The survey is targeted at automotive OEMs and suppliers to be used to
assist in developing link segment objectives and project criteria. The survey
is targeted at automotive OEMs and suppliers to be used to assist the IEEE
802.3 Reduced Twisted Pair Study Group (RTPSG) in developing link
segment objectives and project criteria.



1 Purpose

The purpose of this survey is to characterize automotive cabling; e.g.,
cables, connectors, wire harnesses and assemblies for current and future
differential signaling over balanced twisted-pairs.

The survey information will be used to assist the IEEE 802.3 Reduced
Twisted Pair Study Group (RTPSG) in developing link segment objectives
and project criteria.

Please take the time to fill in the following questionnaire. Your participation
is appreciated.

Respondent Information — Automotive cabling survey
Company and Personal Profile - Please Print

Your Name Michael Kaindl

Your Company Name _ BMW

City/State/Zip 80788 Munich, Germany
E-MAIL michael.kaindl@bmw.de

Your Job Function

Please return scanned copy of completed survey to
cdiminico@ieee.org

Chris DiMinico

MC Communications/

LEONI Cables & Systems LLC

Phone: 19784411051



1. Survey Questionnaire —

1. Figures 1 is provided as a reference to assist in responding to survey
questions. The IEEE 802.3 nomenclature is bracketed to identify
relationship to the IEEE 802.3 definitions.

Figure 1 Automotive cabling Topology
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2. Wire harness or assembly topology (see Figure 1).

2.1 Maximum length in meters of wire harness or assembly
between active electronic devices — report current applications
and lengths [EC] to [EC].[meters]
length in meters 10m

2.2 Maximum length in meters of wire harness or assembly
between active electronic devices — report future applications
and lengths [EC] to [EC].

[meters] length in meters 10m



2.3

2.4

2.5

2.6

2.7

2.8

Number and type of inline connectors [C] between active

electronic devices — report current applications.

[ ] number of connectors 3

[ 1] ]type of connector(s) TE MQS; NanoMQS
Rosenberger HSD-Connector

Number and type of inline connectors [C] between active
electronic devices— report future applications.

[ ] number of connectors 3

[1[]types of connector(s) TE MQS; NanoMQS

Type of active electronic connectors [AEC] — report current

applications.

[ 1] ]type of connector(s) TE MQS; NanoMQ
Rosenberger HSD-Connector

Type of active electronic connectors [AEC] — report future
applications.
[ 1] ]type of connector(s) TE MQS; NanoMQS

Are there requirements for future applications to be mechanically

compatible to existing connector systems?
[Y/N] YES

Are there requirements for mechanically compatible connector
systems between automobile manufacturers?
[Y/N]  Only in specific areas



3. Balanced twisted-pair cable used in wire harness or assembly (see
Figure 1 and Figure 2.) report parameters and values.

3.1 Current automotive applications

Gauge [AWG] [or conductor in mm]
0.17mm2/0.35mm?2
Impedance [ohm +/-] 1000hm +/-10%
Shield [Y/N] [shield type] No
Copper conductors [Y/N] solid [Y/N] stranded [#strands] 7
Direct current resistance [milliohm/meter] < 120mOhm/meter

3.2 Future automotive applications

Gauge [AWG] [or conductor in mm]
0.17mm2/0.35mm?2

Impedance [ohm +/-] 1000hm +/-10%

Shield [Y/N] [shield type]

Copper conductors [Y/N] solid [Y/N] stranded [#strands] 7

Direct current resistance [milliohm/meter] < 120mOhm/meter

4. Bundled cable types in wire harnesses or assemblies (Figure 1)

4.1 Report data rates and signaling schemes for differential signaling
applications in bundle [data rates and signaling].
500kB +/- 1V CAN Highspeed; not really Differential
10MB +/-1V FlexRay, not really Differential

4.2 Report other data rates and signaling schemes not using
differential signaling in bundle [data rates and signaling].
20kB LIN, SAE 2602; 0...12V

30..100KB SENT; 0...5V

4.3 Report voltage/power in bundle [ ]
0V, GND
12V Battery, Generator, generator ribble;



48V Battery, Generator, generator ribble in future;
400V Battery, for Hybrids

Switched Power 12V;

PWM Signals 0..12V

Switching power supplies in ECUs, Headlamp dimming (LED, Xenon)
Xenon Lights

Ultrasonic senors: 50khz, low Power,

About 90% of all Signals are the kind: changing signals

5. External noise sources

5.1 Report steady state noise (including frequency content)
Engine, Ignition, Generator e.g. 6000rpm =>~100Hz + multiples

5.2 Report time variable noise (things that come and go)
Radio station (short wave) HAM/CB
150...300khz LW, (-megawatts)
4Mhz 6Mhz, 7Mhz (49m/41m band) Radio) (megawatts)
76...108Mhz FM Radiostation kilowatts
108....400Mhz TV station kilowatts

5.3 Report impulse noise

5.4 Report radio frequency interference - modulated signals (i.e.,cell
phone type signals)

cellphone GSM/UMTS 800/900Mhz, 1800/1900 Mhz

WiFi 2,4GHz, 5GHz

RFID <= 125kHz

6. Automotive cabling system characteristics

Table 1 is provided as a reference to assist in reporting automotive
cabling parameters that are used by Ethernet PHY designers.

Table 1. Cabling parameters



Transmissian
paramatars

Coupling pararmaters
(within Link segmants)

Coaupling paramateds
(bataraan Link sagmonts)

Balance parametars

Insgriion Loss

Maar-End crosstalk (NEXT) loss

Alien Near-End crosstalk loss

[ANEXT)

Transyarsa comnarsion loss

(TCL) = SCD11

Differential
charactersiic
impedance

Multipde disturbar near-end crosstalk
{MDNEXT) loss

Multiple Disturber Alien Far-
End crosstalk loss
(MDANEXT)

Longitudinal comversion loss

(LCL) —SDC11

Reotum Loss

Far-End crosstalk (FEXT) loss
Specified as equal leval FEXT
(ELFEXT)

Alien Near-End crosstalk loss

(AFEXT)

Transvarss convarsion

transmission loss (TCTL) -

sCnz

Multiple Disturber Alian Far-
End crosstalk loss

Longitudinal conversion

transmission loss (LCTL) -

Multiple disturber Far-end crosstalk (MDAFEXT) sDC12
(MDFEXT) loss Spacilied as powsar sum
Propagation Delay | Specified a8 MDELFEXT (ELFEXT) (PSAELFEXT)
Specified as power sum
Delay Skew (PSAELFEXT)

Figures 2 illustrates the coupling parameters NEXT, FEXT within a
cable sheath and alien crosstalk between cable sheaths.

Figure 2 Crosstalk within and between cable sheath
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A ien crosstalk
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FEXT2
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Please check blank cell(s) adjacent to cabling parameters in Table 2 that
are used to specify balanced twisted-pair cables and/or connectors used in
automotive wire harnesses or assemblies. For each checked box please
provide references to either manufacturers specifications or standards

specifications (e.g.,

ISO/IEC, etc) as may apply.



Table 2 Cabling parameters

Check| Transmission [Check] Co®WW | Chock| CO®WO |Check] Balance
box | pammeters | box parametars box | PARMEES | poy | paramaters
(within Link (betwaan Link
& agmanis) sagmants)
T
MNear-End AlenMNoar- c;ﬂz:;?
cros stalk End crosstak loss (TCL)
insartion Loss (MEX T} loss loss ANEXT) crrdd
e Longitudina
Muliple Disturbar Alien
Ditterantial distuber Near- Far-End T;:J?II_TZT
characteristic End crosstak crossialk loss —_S0C11
impe-dance (MONEXT) pss] (MDAMNEXT)
Transverse
comversion
Far-End AlianNear wansmission
cros stalk Endcmssialk [ '
Return Loss (FEXT) loss loss (AFEXT) -Schiz
Muitiple Lomgitudinal
Mulple Disturbar Alien Fomersin
difurber Far- Far-End wansmiseion
Popagation end crosstalk crosstalk loss Egéc 12 '
Dl ay {MDFEXT) MDAFEXT) -
Dalay Skew

Figure 3 and Table 3 provide cross references for cabling parameters
naming and s-parameter designations. The red boxes contain the cabling
parameters listed in Table 2 and the s-parameter cross references. For
cabling measurements between cable sheaths the crosstalk terms NEXT

and FEXT are ANEXT and AFEXT respectively.



Figure 3 Four port network
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Table 3 Port mapping — signal impairment naming to s-parameters

Port 1 Port 2 Port 3 Fort 4
cc| Sccid RLcci1 Scci12 ILcc12 Scc13 | NEXTecc13 | Sccld4 | FEXTccld
* |ed] Scdii TCLed11 Scd12 | TCTLed12 | Scd13 | NEXTed13 | Scdi4 | FEXTed14
§ dc| Sdcii LCLdc11 Sdci2 | LCTLde12 | Sdc13 | NEXTde13 | Sdcid4 | FEXTdc14
dd| Sdd11 RLdd11 Sdd12 ILdd12 Sdd12 | NEXTdd13 | Sdd14 | FEXTdd14
cc| Sec2d ILec21 Sec22 RLce22 Sce2d | FEXTec23 | Scc24 | NEXTec24
E cd] Scd21 | TCTLed21 | Scd22 | TCLed22 Scd23 | FEXTcd23 | Scd24 | NEXTcd24
dc] Sdc21 | LCTLdc21 | Sdcz2 LCLdc22 5dc23 | FEXTdc23 | Sdc24 | NEXTdc24
dd} Sdd21 ILdd21 Sdaz2 RLadz2 50023 | FEXTAd23 | Sdd24 | NEXTdd24
cc| Scc3t | NEXTec31 | Scc32 | NEXTecd2 | Scc3ld RLcc33 Scc4 ILcc34
™ |ed| Scd31 | NEXTcd31 | Scd32 | NEXTcd32 | Scd33 | TCLed22 Scd34 | TCTLcd34
E de| Sdeld NEXTdc31 Sdc32 | NEXTde32 | Sdecil LCLde33 Sdc34 LCTLdc34
dd| Sdd31 | NEXTdd31 | Sdd32 | NEXTdd32 |} Sdd33 RLdAd33 Sdd34 ILdd34
cc| Sccd! | FEXTecd! | Sccd4? | FEXTecd2 | Sccdl ILccd3 Sccdd RlLcc44
T |cd| Sca41 | FEXTcdd1 | Scdd2 | FEXTcd42 | Scd43 | TCTLcd43 | Scodd | TCLcddd
§ dc| Sdc41 | FEXTdcd1 | Sdcé2 | FEXTde42 | Sdcd43 | LCTLdcd43 | Sdcdd LCLdc44
dd| Sdd41 | FEXTdd41 | Sdd42 | FEXTdd42 | Sdd43 ILdd43 Sdd44 RLdd44

Figure 4 Cable types*
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*ISO/IEC 11801 Second edition 2002-09 Figure E.2 — Cable types

None of these cable types is applied in the car wiring —except for special cables,
explicitly current, expensive High Speed datacables;

The general usecase is a unstructured wiring, tape to bundles. The wiring is at
BMW an individual wiring made car specific. Only data cable are twisted and
therefore pre-assemblied. The main parameter up to now is a rough Impedance
of 100 Ohm for CAN; for FlexRay the 100 Ohm is a basic requirement. For
BroadReach the 100 Ohm seem to be an essential requirement as well as the



symmetry of the cable. The assembly process is currently not effected by
Requirements of BroadReach. Same is valid for parameters like NEXT,FEXT as
this is a single TWP full duplex system. ANEXT and AFEXT are currently not
observed as a problem, even bring different, independend, and/or coupled
BroadReach Systems into a wiring bundle.

Picture: typical wiring harness:

Picture: door wiring, door connector detail:



Typical value of Z of twisted car data line: Z = 100 Ohm

Test on wiring harness of camera system

To be added:

Test report on current cable parameter:
IL

RL

Many of the mentioned test of S-parameter can not be done
at BMW / are currently not available.
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The high spikes of Z indicates the connectors;

The left marker is set to the ECU connector; the right, center
Marker is the connector in the mirror, about the middle there
is the door connector.

The used cable is a single Twisted pair cable 0.17mm2
(DACAR 609, Leoni).

On the left the open, unconnected end is visible



