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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The ISO 21111 series includes in-vehicle Ethernet requirements and test plans that are disseminated in
other International Standards and complements them with additional test methods and requirements.
The resulting requirement and test plans are structured in different documents following the Open
Systems Interconnection (OSI) reference model and grouping the documents that depend on the
physical media and bit rate used.

In general, the Ethernet requirements are specified in ISO/IEC/IEEE 8802-3. The ISO 21111 series
provides supplemental specifications (e.g. wake-up, I/0 functionality), which are required for in-vehicle

Eth
diff

ernet applications. In road vehicles, Ethernet networks are used for different purpose
erent bit-rates. Currently, the ISO 21111 series specifies the 1-Gbit/s optical and

b requiring
100-Mbit/s

eledtrical physical layer.
The ISO 21111 series contains requirement specifications and test methods related to th¢ in-vehicle
Ethprnet. This includes requirement specifications for physical layer entity (e.g. connectors, physical
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r implementations) providers, device (e.g. electronic control units, gateway units) sup

ing and for interoperability testing.

out of the scope of the ISO 21111 series.

structure of the specifications given in the ISO 2111¥ series complies with the Opg
rconnection (0OSI) reference model specified in ISO/IEC7498-1[13] and ISO/IEC 10731[14]

21111-1 defines the terms which are used in this\series of standards and provides an d
standards for in-vehicle Ethernet including the complementary relations to ISO/IEC/IE
document structure, type of physical entities; in-vehicle Ethernet specific functionalities

21111-2 specifies the interface betwéen reconciliation sublayer and physical entity
iced gigabit media independent interface (RGMII), and the common physical entity w
chronized link sleep functionalities,independent from physical media and bit rate.

21111-3 specifies supplemental requirements to a physical layer capable of tr
bit/s over plastic optical fibre compliant with ISO/IEC/IEEE 8802-3, with specific apy

5 document specifies.the optical components requirements and test methods for 1-Gbit/4
icle Ethernet.

21111-5 spécifies, for 1-Gbit/s optical in-vehicle Ethernet, requirements on the physi
em level, requirements on the interoperability test set-ups, the interoperability test plan
requirements for the physical layer at system level, requirements on the device-level ph
formance test set-ups, and device-level physical layer conformance test plan that cheg
1irements for the OSI physical layer that are relevant for device vendors.

munications inside road vehicles, and a test plan for physical entity conformance testing.

pliers, and

em (e.g. network systems) designers. Additionally, there are test methods'specified for conformance

ty (electrical safety, protection, fire, etc.) and electromagneticycompatibility (EMC) requirements

n Systems

verview of
EE 8802-3,
and so on.

¢ including
hke-up and
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lication to

optical in-

fal layer at
hat checks
ysical layer
ks a set of

[SO 21111-6 specifies advanced features of an ISO/IEC/IEEE 8802-3 in-vehicle Ethernet physical layer
(often also called transceiver), e.g. for diagnostic purposes for in-vehicle Ethernet physical layers. It
specifies advanced physical layer features, wake-up and sleep features, physical layer test suite,
physical layer control requirements and conformance test plan, physical sublayers test suite and
physical sublayers requirements and conformance test plan.

ISO 21111-7 specifies the implementation for ISO/IEC/IEEE 8802-3:2017/Amd 1:2017, which defines
the interface implementation for automotive applications together with requirements on components
used to realize this Bus Interface Network (BIN). ISO 21111-7 also defines further testing and system
requirements for systems implemented according to the system specification. In addition, ISO 21111-7
defines the channels for tests of transceivers with a test wiring harness that simulates various electrical
communication channels.
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ISO 21111-8 specifies the transmission media, the channel performance and the tests for
ISO/IEC/IEEE 8802-3 in-vehicle Ethernet.

ISO 21111-9 specifies the data link layer requirements and conformance test plan. It specifies the
requirements and test plan for devices and systems with bridge functionality.

ISO 21111-10 specifies the application to network layer requirements and test plan. It specifies the
requirements and test plan for devices and systems that include functionality related with OSI layers
from 3 to 7.

Figure 1 shows the parts of the ISO 21111 series and the document structure.

— e e e e e mm em o e e em mm mm e e mm Em Em Em e e Em Em Em Em e e o Em = = b
| 11 I
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ISO/IEC 10731 |
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e sl | | \/
| \I | ISO 21111-9 Data link layer requirements and con@lance test plan |
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[ 11 E I1SO/IEC/IEEE 8802-2 o) |
1 [\ I § 1SO 21111-2 Common physical en@y&quirements I
| 11 s ISO/IEC/IEEE 8802-3 I
I 11 S
S |
I 1 E :
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; . S
021111-4 ISO 21111-8 |
| | | Optical 1-@bit/s component requirements and Electrical 100-Mbit/s component requirements I
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e e I =gy g S S
Figure 1 —n-vehicle Ethernet document reference according to OSI model
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Road vehicles — In-vehicle Ethernet —

Part 4:
General requirements and test methods of optical gigabit
Ethernet components
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Scope
5 document specifies the optical components requirements and test methods for opt

patibility (EMC) requirements are outside the scope of this document.

Normative references

following documents are referred to in the text in such a»way that some or all of th
Ktitutes requirements of this document. For dated referefices, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

IEC/IEEE 8802-3:2017/Amd 9:2018, Physical Layer*Specifications and Management Par
) Mb/s Operation over Plastic Optical Fibre

8092-2, Road vehicles — Connections for on-bgard electrical wiring harnesses — Part 2:

methods and general performance requirements
8092-3, Road vehicles — Connections for-on-board electrical wiring harnesses — Part 3: Tal,
connections — Dimensions and spegific requirements

16750-1, Road vehicles — Environmental conditions and testing for electrical and

fpment — Part 1: General

16750-3:2012, Road veéhicles — Environmental conditions and testing for electrical ang
fpment — Part 3: Mechanical loads

16750-4:2010, Road vehicles — Environmental conditions and testing for electrical and
fpment — Part4; Climatic loads
16750-5,\Road vehicles — Environmental conditions and testing for electrical and

[pment=—Part 5: Chemical loads

21111-1, Road vehicles — In-vehicle Ethernet —General information and definitions

cal gigabit
omagnetic

bir content
pplies. For
[s) applies.
imeters for
Definitions,
s for multi-

electronic
| electronic

| electronic

electronic

[EC 60068-2-60, Environmental testing — Part 2: Tests — Test Ke: Flowing mixed gas corrosion test

IEC 60793-1-20, Optical fibres — Part 1-20: Measurement methods and test procedures — Fibre geometry

IEC 60793-1-21, Optical fibres — Part 1-21: Measurement methods and test procedures — Coating geometry

IEC

60793-1-40, Optical fibres — Part 1-40: Attenuation measurement methods

[EC 60793-2-40, Optical fibres — Part 2-40: Product specifications — Sectional specification for category
A4 multimode fibres

IEC 60793-1-43, Optical fibres — Part 1-43: Measurement methods and test procedures — Numerical
aperture measurement
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IEC 60793-1-51, Optical fibres — Part 1-51: Measurement methods and test procedure - Dry heat (steady

state) tests

IEC 60794-1-21, Optical fibre cables — Part 1-21: Generic specification — Basic optical cable test
procedures — Mechanical tests methods

IEC 60794-2-41, Optical fibre cables — Part 2-41: Indoor cables — Product specification for simplex and
duplex buffered A4 fibres

IEC 61300-3-53, Fibre optic interconnecting devices and passive components — Basic test and measurement
procedures — Part 3-53: Examinations and measurements — Encircled angular flux (EAF) measurement

method baj
ANSI/EIA
EIA 364-3§
EIA/TIA 4]}

b

EIA/TIA 4]

EIA/TIA 41

’

ed on two-dimensiondal jar jield data jrom step index multimode waveguide (1ncluding jibre

64-13, Mating and Un-mating Force Test Procedure for Electrical Connectors and Sockets
Cable pull-out test procedure for electrical connectors

5-13A, Visual and mechanical inspection of fibre optic components, devices, and assemblies
5-20A, Measurement of Change in Optical Transmittance

5-34A, Interconnection Device Insertion Loss Test

3 Terms and definitions

For the pur
ISO and IE

s
”

ISO On
IEC El¢

3.1
1000BASE

physical c;t
Ethernet t

3.2
1000BASE

[poses of this document, the terms and definitions givemin ISO 21111-1 and the following af

maintain terminological databases for use in statfdardization at the following addresse

line browsing platform: available at https://wWww.iso.or

ctropedia: available at http://www.electropedia.org/

-H

ding sublayer (PCS) and physical medium attachment (PMA) sublayers for 1 000 M
at support physical medium-dependent (PMD) using duplex plastic optical fibre

-RHC

physical layer specification.for’1 000 Mb/s Ethernet using 1000BASE-H (3.1) encoding and red 1

(approxima

3.3
extinction
ER
ratio of tw

tely 650 nm) PMD tailored for automotive application requirements

ratio

h optical power levels of a digital signal generated (high or low) by an optical source

ply.

1%2]

b/s

ght

3.4
FORx

part of an optical PMD receiver (3.10) that includes a photo detector and an amplifier

3.5
FOTx

part of an optical PMD transmitter (3.12) that includes a light emitting device and a driver

3.6

in-line connector
connector resulting of the match of a cable plug and a cable socket
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3.7
launch optics
light source with some additional optical components

3.8
mode filter
optical filter that eliminates higher order modes in order to suppress modal dispersion

3.9
mode scrambler
optical component defined in IEC 60793-2-40

ive component
ule that does not require energy to operate

1 to entry: POF cable or optical connector as-defined in Clause 7 is in this category.

em power budget
ation of available optical powet.in order to ensure that adequate signal strength is avai
iver

1 to entry: As defined in A.2.

eguide
optical coupling device that is set between the end face of POF and the optical window of
Photodiode

4 |Abbreviated terms

for optical

lable at the

the LED or

AO average gptcal power

DUT device under test

EAF encircled angular flux

FFP far field pattern

FOT fibre optic transceiver

GEPOF gigabit ethernet over plastic optical fibre
I/F interface
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LD
LED
MDI
MRP
NA

ORP

laser diode

light emitting diode

media dependent interface
mechanical reference plane
numerical aperture

optical reference plane

PCB
PCS
PMA
PMD
POF

5 1000

printed circuit board
physical coding sublayer
physical media attachment
physical media dependent

plastic optical fibre

BASE-RHC components

Figure 2 specifies the components used for the connection between two GEPOF entities that conf
21111 series. The 1000BASE-H transceiver componént includes the functionality described

to the ISO
for the 10
the GEPOHR
described
and optica

Figure 2.

A GEPOF e
optical PM
connector.
component
optical PM

Two GEPO

DOBASE-H transmitter and receiver defined in JSO/IEC/IEEE 8802-3:2017/Amd 9 and
entity in ISO 21111-3. The optical PMD transceiver component includes the functiong
for the optical PMD transmitter and receivei“defined in ISO/IEC/IEEE 8802-3:2017/An
coupling elements defined in this documeént. These elements are enclosed in broken lin

\tity may be integrated in a single.¢emponent that includes the 1000BASE-H transceiver,
D transceiver and the cable socket. The resulting component is defined as integrated hez
[n an alternative configuratien, the GEPOF entity may be implemented by using two diffe
s. The first one includes-the 1000BASE-H transceiver and the second one integrates
D transceiver and the cable’socket. The resulting component is defined as header connec

F entities are connected through their MDI bi-directionally through a duplex POF cable

pair of simplex POF cables((see 8.4). The POF cable is terminated with two cable plugs that fulfils

characterij
or more in

tics defined jn Clause 9. The connection between two GEPOF entities may include or not
line connecters.

DIr'm

for
lity
do
e in

the
der
fent
the
FOT.

DT a
the
one
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1000BASE-H transceiver

header connector

optical PMD transmitter

optical PMD receiver

mechanics for axis alignment

cable plug

POF cable

Electrical I/F between PMA and PMD.
Electrical I/F between PMD and PMA.

Figure 2 — 1000BASE-RHC components

Header connector

Dimension criteria
types of header connector are defined.

e A header connector is defined in Figure 3 and type B header connector is defined in Fig
sed to determine a mechamnical position when a header connector and a plug connector
itionally, ORP is usedte determine an optical position for the efficient optical coupling pe
detail H and ] of fype A and the detail C of type B specify the position of the tip of feq
e plug in mated eondition.

Type A

A type-AHeader connector shall comply with the dimensions and tolerances defined in K

ure 4. MRP
are mated.
rformance.
rule of the

igure 3.
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Dimensions in millimetres

S Q
. S $
[ = &
| & GREEN AREA I
' 2l %2 . GREEN AREA
| s 2| % . ORP
" | N = DETAIL H DETALL J
$2,52 0,02
22 2 14| 90,1[X|Y
Z 4.5 0,05
2 = 420,04 7 |
SEC.F-F
12,85 0,05
X © 2,15 0,1
A — o MRP 5,1 £0,1 , 1,05 0,05
3,45 £0,05 C=h %_pzk“ ) G | |
=T P T3 =
Mo~
of
tF :
7 DETAIL G
|2 [R] - 9,5 0,05
o <Pp o~ (=]
+ | 4 + ({-'_
| R -d SECTION E-E
[l 9 m
14 0,05
*2,3 £0,05

— TypeB
Atype

B header connector-shall comply with the dimensions and tolerances defined in Figure 4.

Figure 3.— Header connector (type A)
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Dimensions in millimetres
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1 in this area no burr permitted, COD Z as shown
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6.2 Mechanical coding

Mechanical coding that prevents possible wrong connection is prepared on the header connector. A set
of different coding for each connector type A and type B is defined. Cable plug and cable socket shall
follow the mechanical coding defined in this subclause.

— Type A
Four types of mechanical coding (A, B, C, D) are defined in Figure 5 for type A.

Dimensions in millimetres

A 3
045 £0.05 5,12 £0,05 "
4,62 £0,05 0,75 £0,05 = 1
(=]
2 QN 0 +
ﬁoﬁ 0,7 QLS S S
1 50 B LNOHO-
- i | | o N2 i £0,05
<-|:->| S|o| o NS
o 4,1 £0,05 22 Q’j %
i~ W @W
SN
C D
5,12 +0,05 5,45 +0,05
0,75 0,05 4,62 +0,05
'90 Q'\
,2* 1
% o
1 1 3 _==_T‘
\a
g T 1 1 T .
S i —
+l O_ a
L% "
o | m =
N [Fal
S

Figure 5 — Mechanical coding (type A)

— TypeB
Six typges ofaméchanical coding (A, B, C, D, E, Z) are defined in Figure 6 for type B.
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Dimensions in millimetres

2 &
Z‘ _=
gio Moo ;‘o
+ 3 * +
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< — M
=e-0lo—] ol Frojo—]
| e r - l&ﬁé ?_iﬁﬁ
So +0,1 So - —
: 15 0 ¥ 2 =
A = A ==
Q| 5
< 2_
4 Z
% = N
& N ‘OTO ;;o <
N5 I CODE D i CODE E |l R CoDg Z
| ~A— — — = I I
Ll e ==l (S thd il
+Lﬁ g_ so g :\;‘
= = = -
LN — = ?'o
& < L
~
~

Figure 6. — Mechanical coding (type B)

6.3| Requirements of header connector

Table 1 specifies the normative'references that contain requirements and test methods that{the optical
conjponents shall also gemply in addition to the requirements and test methods definpd in each
subflause. In case thatitheTesult of a test method in the reference over the same parameter differs from
the|one defined in thesubclause, the result in the reference shall prevail. Requirements of pptical and
eledtrical charactéristics are defined in Clause 9.

Table 1 — Requirements of header connector

Subclause Requirement Reference
1SO 8092-2

ISO 16750-1
ISO 16750-4

EIA/TIA 455-13A
1SO 8092-2

ISO 16750-1
ISO 16750-4
EIA/TIA 455-13A

6.4.1 High storage temperature exposure

6.4.2 Low storage temperature exposure

© IS0 2020 - All rights reserved 9
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Table 1 (continued)

Subclause Requirement Reference
1SO 8092-2
ISO 16750-1
6.4.3 Operating temperature range ISO 16750-4

EIA/TIA 455-13A
ISO/IEC/IEEE 8802-3:2017/Amd 9

6.4 Evaluation

6.4.1 Hij

6.4.1.1 H

Road vehig
in environ
therefore H

6.4.1.2 1

The DUT fgq
as defined

6.4.1.3 1

The heade
DUT is put
oven after
dimension
condition

designated

6.4.1.4 K

Exposure f
within told

6.4.2 Lo

6.4.2.1 K

bh storage temperature exposure

urpose

les are owned and operated in nearly all land regions of the earth, Significant varia
mental conditions due to climatic environment, including diurnal-and seasonal cycles,
e expected. The durability test for high storage temperature is specified.

est setup

r this durability test is a PCB with a header connectormounted on it. A programmable g
in 9.5.2 is used to expose the DUT to the defined temperature.

est methods

" connector dimensions before the test aré,measured in accordance with EIA/TIA 455-]
into the programmable oven that shall\b@held at T,,,,,. DUT is taken out of the programm
being held for 96 h and held for 24 hiat room temperature, and the same header conne
b shall be measured in the sameJmanner as the initial measurement. An applicable
bhall be agreed between supplier and vehicle manufacturer. Unless otherwise provi
temperature (T,,,,) is definéd in code K in ISO 16750-4:2010, Clause 4.

lequirement

est shall be performed at T ..
rances defined-inFigures 3 to 6.

w storage.temperature exposure

urposeé

Fion
can

ven

3A.
hble
Ctor
test
led,

Header connector dimensions after durability test shalll be

R d h' 1 1 1 FRD. 1 111 | - Ll 4=l ol o de -
oa venicresare owned ana UptldalTuU 11T TITAdIly dll IdlIU TTZIUILS Ul LT T4l UL OIgIIITICdlIt vdl'Id

tion

in environmental conditions due to climatic environment, including diurnal and seasonal cycles, can
therefore be expected. The durability test for low storage temperature is specified.

6.4.2.2 Testsetup

The DUT for this durability test is a PCB with a header connector mounted on it. A programmable oven

as defined

in 9.5.2 is used to expose the DUT to the defined temperature.

6.4.2.3 Test methods

The header connector dimensions before the test are measured in accordance with EIA/TIA 455-13A.

DUT is put

10

into the programmable oven that shall be held at T ;..

DUT is taken out of the programmable

© IS0 2020 - All rights reserved
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oven after being held for 96 h and held for 24 h at room temperature, and the same header connector
dimensions shall be measured in the same manner as the initial measurement. An applicable test
condition shall be agreed between supplier and vehicle manufacturer. Unless otherwise provided,
designated temperature (T,,;,) is defined in code K in ISO 16750-4:2010, Clause 4.

6.4.2.4 Requirement

Exposure test shall be performed at T, ;,. Header connector dimensions after durability test shall be

within tolerances defined in Figures 3 to 6.

6.4[3— Operating temperature range

6.4;3.1 Purpose

Rodd vehicles are owned and operated in nearly all land regions of the earthxSignificant variation
in gnvironmental conditions due to climatic environment, including diurnalpand seasonal [cycles, can
therefore be expected. Operating temperature range of a header connectoris specified, and tpst method
is dpfined.

6.4{3.2 Testsetup

DUT for this test consist on a PCB with a header connector meunted and powered. Unless otherwise
spefified the operating mode of DUT is defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018/ 115.5 test
modle 3. A programmable oven as defined in 9.5.2 is used to.expose the DUT to the defined temperature.

6.4{3.3 Test methods

The header connector dimensions before the test'are measured in accordance with EIA/TIA 455-13A.
Thg temperature of the programmable oven shall be raised until T, ,, and lowered until T };, with the
temperature slope of 1 °C/min, and again«increased back to room temperature with the tgmperature
slope of 1 °C/min. An applicable test:-condition shall be agreed between supplier and vehicle
manufacturer. Unless otherwise provided, designated temperature (T,,,;, and T,,,,,) is definefd in code K
in I1$0 16750-4:2010, Clause 4.

6.4{3.4 Requirement

Opgrating temperature\ test shall be performed at T_;, and T, Channel type is |defined in
ISOJIEC/IEEE 8802-3:2017/Amd 9:2018, 115.7. Header connector dimensions after exposurg test shall

be Within tolerances-defined in Figures 3 or 4.

7 |Cable-connector

There are two types of cable connectors, cable plugs and cable sockets. The cable plug shall mate with
eitheria header connector or a cable socket. Mechanical coding of cable plug and cable socket are defined
in 7.1.2 and 7.2.2.

7.1 Cable plug

7.1.1 Dimension criteria

Two types of cable plug are defined.

© IS0 2020 - All rights reserved 11
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Type A cable plug is defined in Figure 7 and type B cable plug is defined in Figure 8. MRP is used to
determine a mechanical position when a cable plug and cable socket are mated. Additionally, ORP is
used to determine an optical position for the efficient optical coupling performance.

— Type A
A type A cable plug shall comply with the dimensions and tolerances defined in Figure 7.

Dimensions in millimetres
12,7 £01 11,35 +0,05

AL MRp | (8,84) ORP

& L
' )

SECTION A-A

2,27 £0,05

3,12 +0,05
7,15 +0,05

Figure 7 — Cable plug (type A)

— TypeB
A type|B cable plug shall comply with the dimensions and tolerances defined in Figure 8.

Dimensions in millimdtres

+0,08
18 -0,05
(6]
) 1)
oo\LN
ss| _A@V) -1 s
+ 1 ») ¥ +H
ol )& i
— n
MRP
— — g
=
\D~ —_—
& Cal
| ORP
N 0
- ©$2,92 -0,03
~
~ +0,2
= oLL 0

Figure 8 — Cable plug (type B)
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Cable plug implements a mechanical coding that prevents possible wrong connection. Type A and type B
cable plug mechanical coding are defined in 6.2.

7.2 Cable socket

7.2.1 Dimension criteria

Two types of cable socket are defined.

Type A cable socket is defined in Figure 9 and type B cable socket is defined in Figure 10: MRP is used
to determine a mechanical position when a cable plug and cable socket are mated. Additionplly, ORP is
usef to determine an optical position for the efficient optical coupling performance,
— |Type A
A type A cable socket connector shall comply with the dimensionsyand tolerances |defined in
Figure 9.
Dimensions inf millimetres
- 5 S
| = &
' S GREEN AREA <
| ol 2 & . GREEN AREA
. 2| g =
| = 2|z 1 ORP
ORP | H o= DETAIL H DETAIL J
2,52 +0,02
B 22 S50 {4001 [x]Y]
(2] ®h,5 0,05
2 2 $]00,04] 7]
SEC.F-R
12(85-+0,05 X : 215 01
S
5 N MRP | 5,120, | 105 +0,05
*3,45 0,05 e F7Y
—— Q 77 777
IK M =G
fF | i Ty L
] : 4XRo » 07 DETAIL G
2| a|[m] < oD, 9,5 +0,05
SIS dit E R 20,
aleo| g B NN SECTION E-E
~| o ) \4,
*1,4 £0,05
*2,3 +0,05
Figure 9 — Cable socket (type A)
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— TypeB

A type B cable socket connector shall comply with the dimensions and tolerances defined in
Figure 10.

14 © IS0 2020 - All rights reserved
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Dimensions in millimetres

LN
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+ oo —
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1 in this area no burr permitted, COD Z as shown
Figure 10 — Cable socket (type B)
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7.2.2 Mechanical coding

Cable socket implements a mechanical coding that prevents possible wrong connection. Type A and
type B cable socket mechanical coding are defined in 6.2.

7.3 Requirements of cable connector

Table 2 specifies the normative references that contain requirements and test methods that the
optical connectors shall also comply in addition to the requirements and test methods defined in each

subclause. In case that the result of a test method in the reference over the same parameter differs
from the adafinad in tha ('II]'\I‘]’\II(‘CI’ tha v‘nonlf mtha rafaranca chall nrex"yail_ Ont:cal and a]aﬁf—vical

re-aerieatHttre-SHperadsSe—tiefFrestritne-Fetrerenece-Saatt ereett
requireme

hts for optical connector are defined in Clause 9.

Table 2 — Requirements of optical connector

Subclausé Requirement Referende

ISO 8092-2

EIA/TIA 455-13A
1SO 8092-2
EIA/TIA 455513A
1SO 809222
EIA/TIA 455-13A

N

4.1

High storage temperature exposure

N
N

[\S]

Low storage temperature exposure

N
N

(ON]

Operation temperature range

7.4 Evaluation

7.4.1 High storage temperature exposure

7.4.1.1 K

Road vehic
in environ
therefore h

74.1.2 1

DUT isap

74.1.3 1

urpose

les are owned and operated inrniearly all land regions of the earth. Significant varia
mental conditions due to climatic environment, including diurnal and seasonal cycles,
e expected. A durability testfor high storage temperature is specified.

est setup

est methods

hrt unit of the cable-plug or the cable socket. An unmounted and unmated cable plug of
unmountedl and unmated cable socket is put into a programmable oven.

fion
can

an

55-

Imax-

24 h

The cable plugror'the cable socket dimensions before the test is measured in accordance with TIA 4
13A, the c%ble plug and the cable socket are put into the programmable oven that shall be held at 7]
The cable i y

at room temperature, and the dimensions of the connectors are measured in the same manner as the
initial measurement. An applicable test shall be agreed between supplier and vehicle manufacturer.
Unless otherwise provided, designated temperature (T,,,,) is defined in code K in ISO 16750-4:2010,
Clause 4.

7.4.1.4 Requirement

Durability test shall be performed at T,,,,. Optical connector dimensions after durability test shall be
within tolerances defined in Figures 7 to 10.
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2 Low storage temperature exposure

2.1 Purpose

Road vehicles are owned and operated in nearly all land regions of the earth. Significant variation
in environmental conditions due to climatic environment, including diurnal and seasonal cycles, can
therefore be expected. A durability test for low storage temperature is specified.

7.4.

2.2 Testsetup

DU
unt

Isapartunitof the cabte ptugorthe tabte socket- AT unmoumtedamdunmmatedcabte
hounted and unmated cable socket is put into a programmable oven.

plug or an

7.4{2.3 Test methods

The cable plug or the cable socket dimensions before the test is measured in accordance with TIA 455-
13A, the cable plug and the cable socket are put into the programmable oveh.that shall be Held at T, ;..
The cable plug and the cable socket are taken out of the oven after being-held for 96 h and h¢ld for 24 h
at rpom temperature, and the dimensions of the connectors are meagured in the same mapner as the
initjal measurement. An applicable test shall be agreed between supplier and vehicle mahufacturer.
Unlpss otherwise provided, designated temperature (T,,;,) is defined in code K in ISO 16750-4:2010,
Clagise 4.

7.4{2.4 Requirement

Durjability test shall be performed at T, ;. Optical cofinector dimensions after durability t¢st shall be
within tolerances defined in Figures 7 to 10.

7.4]3 Operation temperature range (informative)

Both the cable plug and the cable socketdre passive components. Therefore, it is not necessary to define
theloperating temperature if each component satisfies the definition of storage temperature

8 |POF and POF cable

8.1 POF

POY is defined as A4d.2 in IEC 60793-2-40:2015, Annex A.

8.2 Requirements of POF

Table 3 specifies the normative references that contain requirements and test methods that

conj

penents shall also comply in addition to the requirements and test methods defin

sub

lanse In casethatthe result of a test method in the reference overthe same parameter

the

one defined in the subclause, the result in the reference shall prevail.

Table 3 — Requirements of POF

the optical
cd in each
iffers from

Subclause Requirement Reference

IEC 60793-1-20

8.3.1 Cladding diameter
IEC 60793-2-40
IEC 60793-1-43

8.3.2 Numerical aperture [EC 60793-2-40
IEC 61300-3-53
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Table 3 (continued)

Subclause

Requirement Reference

8.3.3

IEC 60793-1-40
IEC 60793-2-40

Attenuation

8.3 Outline of POF

8.3.1 C(ladding diameter

8.3.1.1 K

The coupli
of the fibr¢

diameter of the POF is within the specified limits.

8.3.1.2 1

Test setup

8.3.1.3 1

The claddi

diameter measurement technique using a micrometre callipér or a laser micrometre can alsd

applicable

8.3.1.4 K

The claddi
8.3.2 Nu

8.3.2.1 H

The numer
for light th
refractive
the bandw]
defined.

8.3.2.2 1

Test setup

urpose

hg performance of a fibre-optic connection is mainly determined by the alignment-accut
. To allow for good match of the fibre to fibre and the MDI to fibre coupling-the cladc

est setup

is defined in IEC 60793-1-20, Method B.

est methods

hg diameter of POF is measured in accordance with IEC 60793-1-20, Method B. Mechan

fo measure the cladding diameter.

lequirement

g diameter of POF shall be 1 000 um %45 um.
merical aperture

urpose

ical aperture (NA) of an-éptical fibre determines the acceptance angle at the fibre end

at can propagate jn\the optical fibre by total internal reflection. It is determined by
ndex of the core and’cladding of the fibre. Because the NA is crucial to the modal disper§
idth and frequeney response of the optical fibre are influenced. Therefore, the NA of PO

est setup

isdefined in IEC 60793-1-43.

acy
ling

ical
be

face
the
ion,
Fis

8.3.2.3 Test methods

NA shall be measured in accordance with one of the following test methods:

18
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2

[
TOE‘

0

Key
light source

POF

f0 objective lens

field lens

relay lens

image sensor

FFP analyzer module
far field optical system
ND filter

micro positioner

O 0 N O U1 » W N =

[UnN
o

Figure 11 — Far field optical system diagram

8.312.4 Requirement
NA ghall be 0,53 + 0,07.

8.3]3 Attenuation

8.3{3.1 Purpose

Atte¢nuation of POF is specified because it is one of the key parameters that determine thg maximum
linK length. Thereforé~the attenuation of POF that adjusts to the link power budget [defined in
ISOfIEC/IEEE 880243:2017/Amd 9:2018, Table 115-16 is provided.

8.313.2 Test'setup

DC light source defined in 9.5.1 is connected to the input of a 50 m optical fibre and the launch condition
for pttenuation measurement is the equilibrium mode distribution launch defined in IEC 60793-1-40. A
speftrum analyser is connected to the output end face. The spectrum analyser is used to njeasure the
optical power.

8.3.3.3 Test methods

Attenuation shall be measured in accordance with IEC 60793-1-40, Method A. The optical power at P1-
point shall be measured firstly with the optical spectrum analyser. The optical fibre is cut at 40 m (P2-
point) from the output end face (P1-point). See Figure 12.

The optical spectrum analyser measures the optical power as defined in IEC 60793-1-40 at P2-point.
The difference between the optical power at P2-point and the optical power at P1-point is the inherent
attenuation of 40 m POF.

© IS0 2020 - All rights reserved 19
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Key
1 IEEEcd
2 launch
3 POF
4
5 cutting
6 initial ]
P1 optical
P2 optical
Optical poy
P
Ap:—
where
Ap is
P1 is
P2 is

mpliant DC light source
pbptics, equilibrium mode launch

spectrym analyzer

length of POF: 40 m

ength of POF: 50 m

putput point of DUT

putput point of DUT after cut-back

Figure 12 — Attenuation measurement

ver (P1, P2) at 650 nm is measured. Attenuation of POF is calculated by Formula (1).
P —-P1

40

the attenuation(dB) of 1 m POF;

the optical power (dBm) output after 50 m POF;

thecoptical power (dBm) output after 10 m POF.

8.3.3.4 Requirement

The attenu

8.4 POF

ation of POF shall be 0,2 dB/m or less at the wavelength of 650 nm.

cable

M

The jacket of a POF cable shall have the equivalent mechanical and environmental characteristics as
wiring cable as specified in ISO 16750-1. Thus, tough and flame-resistant jacketing materials shall be used.

There are two types of jacketing for POF cable. Single jacketed POF cable is shown in right drawing of
Figure 13. Double jacketed POF cable is shown in the left drawing of Figure 13.

20
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4

Key| ,\'\'\

POF q/'\

inner jacket

outer jacket \60

S
Figure 13 — POF cable structure (informative)
\\Q

8.5 Requirements of POF cable QO

<

Table 4 specifies the normative references that ”&main requirements and test method
optical cables shall also comply with in additio?@the requirements and test methods defiped in each

subglause. In case that the result of a test meth
theone defined in the subclause, the resu],t\@ the reference shall prevail.

Tab ) & Requirements of POF cable

in the reference over the same parameter d

s that the

iffers from

Subclause Alkq(iuirement Reference
™ IEC 60793-1-51
8.6]1 High storage te ature exposure
A~ ISO 16750-4
™~ IEC 60793-1-51
8.6]2 Low st temperature exposure
(\QFO ISO 16750-4
8.6]3 0 on temperature range [EC 60793-1-51
4 (inimum bending radius
8.6/4 AP IEC 60794-1-47
. b? (temporarily allowable bending radius)
8.6 SC/\‘ Maximum bending attenuation IEC 60794-1-47
— RE-66794-1=21
8.6.6 Maximum tensile strength
IEC 60794-2-41
IEC 60793-1-40
8.6.7 Crush
IEC 60794-1-21
IEC 60793-1-40
8.6.8 Edge impact
IEC 60794-1-21
IEC 60793-1-40
8.6.9 Static torsion
IEC 60794-1-21
8.6.10 Resistance to flame propagation ISO 6722-1
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8.6 Evaluation

8.6.1 High storage temperature exposure

8.6.1.1 Purpose

Optical harnesses are required to provide stable performance under the vehicle environment. The

initial performance of POF cable is required to maintain after being held at T,

8.6.1.2

-

ax for along time.

est setup

The 50 m |
to the test
defined in
cable is col
programm|

8.6.1.3 1

The optical
agreed bet
(Thay) is dg
power whi

8.6.1.4 K

The maxinj
defined in

8.6.2 Lo

8.6.2.1 H

Optical ha
initial perf]

8.6.2.2 1

The 50 m |
to the test
defined in
cable is col

POF cable is put into the programmable oven. 5 m at each end is taken out to be cofihe

9.5.1 that has 650 nm * 15 nm centre wavelength, and the other end face of the 5 m
inected to the input of an optical power meter set at 650 nm centre wavelength. Before
Able oven is operated, optical power output after a 50 m POF is measured as the initial va

est methods

| power is measured after heating for 1 000 h at T ..
ween supplier and vehicle manufacturer. Unless otherwise provided, designated temperat
fined in code K in ISO 16750-4:2010, Clause 4. The maximum-difference between the opt
e testing and the initial value is the additional attenuation by temperature stress.

lequirement

um optical power decrease of a 40 m POF cable under standard atmospheric conditiong
EC 61300-1) shall be defined as 0,5 dB.

W storage temperature exposure

urpose

Fnesses are required to provide stable performance under the vehicle environment.
prmance of POF cable isrequired to maintain after being held at T;, for a long time.

est setup
POF cable is pfitjinto the programmable oven. 5 m at each end is taken out to be conne

9.5.1 thathas 650 nm * 15 nm centre wavelength, and the other end face of the 5 m
inected to the input of an optical power meter set at 650 nm centre wavelength. Before

ted

equipment. One end face of the 5 m POF cable is connected to the output of a DC light soyrce

POF
the
lue.

An applicable test condition shalll be

ure
ical

(as

The

ted

equipment-One end face of the 5 m POF cable is connected to the output of a DC light soyrce

POF
the
lue.

programmrble oven is operated, optical power output after a 50 m POF is measured as the initial v3

8.6.2.3 Test methods

The optical power is monitored while continuously cooling for 1 000 h at T,,;,- An applicable test
condition shall be agreed between supplier and vehicle manufacturer. Unless otherwise provided,
designated temperature (7T,;,) is defined in code K in ISO 16750-4:2010, Clause 4. The maximum
difference between the optical power while testing and the initial value is the additional attenuation by
temperature stress.

8.6.2.4 Requirement

The maximum optical power decrease of a 40 m POF cable under standard atmospheric conditions (as
defined in IEC 61300-1) shall be defined as 0,5 dB maximum while testing.
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8.6.3 Operation temperature range

POF cable is a passive component. Therefore, it is not necessary to define the operating temperature if
POF cable satisfies the definition of high storage temperature and low storage temperature.

8.6.4 Minimum bending radius

8.6.4.1 Purpose

When a POF cable is bent in an excessively small radius, some irreversible deterioration can be

gen
are
det

8.6

AP
wit
met
opt

8.6

The
the
be (
opt
med

valye is defined as “change in the attenuation”)

Tatet at thre bent portiomamnd the tramsmittedopticat power coutd beattenmuated—Optica
often randomly bent during transportation or assembly into the vehicle. To avoid link'ps
erioration by excessive cable bending, a minimum bending radius is defined.

4.2 Test setup

DF cable with a length of 5 m is defined as DUT for this test. One end facte of the DUT is
h the launch optics. The other end face of the DUT is connected to-the/input of an opt
er set at 650 nm centre wavelength. Use mode scrambler with gquilibrium mode for
cs. The distance from the mode scrambler to the bent position is defined as 1 m.

4.3 Test methods

optical power at the output of the cable shall be measured before placing the cable und
bending jig guide. The measured value is defined as<the “initial value”. The cable under
arefully set in the guide of a bending jig that has‘@ 10 mm-radius groove and hold it fo
cal power at the output of the cable shall be measured after 1 min of the test (see Figul
isured value is defined as “released value”. The difference between the initial value and t
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L

= 5
Key
1 square jig for bent
2 POF cable
3 bentraflius: 10 mm, angle: 90°
4  step 1: pend with square jig
5 step 2: felease from the bend stress

Figure 14 — Release after bent test

8.6.4.4 Requirement

Change in the attenuation shall notexceed 0,2 dB when measured 1 min after test is finished.
8.6.5 Mdximum bending attenuation

8.6.5.1 Rurpose

The propagation médes of some optical signals are changed, when the POF cable is bent. If the condifion
for total infernal Feflection is exceeded the respective modes enter the leaking mode. These modes|are
lost for thel sighal propagation and become the bending attenuation. Depending on their position in|the
vehicle bodly-after assembly, POF cables in a harness are bent in the same manner as any other wire
harness cable. To be able to calculate the expected losses of an installed POF-Iink the maximum bending
attenuation is defined.

8.6.5.2 Test setup

A POF cable with a length of 5 m is defined as DUT for this test. One end face of the DUT is connected
with the launch optics. The other end face of the DUT is connected to the input of an optical power
meter set at 650 nm centre wavelength. Use mode scrambler with equilibrium mode for the launch
optics. The distance from the mode scrambler to the bent position is defined as 1 m.
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8.6.5.3 Test methods

The optical power at the output of the cable is measured before performing the bending test with jigs
and the measured value is defined as the initial value. The cable under test shall be carefully set in the
guide of a 90° bending jig that has a 25 mm radius groove. The optical power at the output of the cable
being held for a minute is measured. The bending attenuation is the difference of the optical power
before and after bending (see Figure 15). See IEC 60794-1-47 for further details.

2

/

4
Key
1 |square jig for bent
2 |POF cable
3 |bentradius: 25 mm, angle: 902
4 |keep the bent shape with§qirare jig

Figure 15 — Bent test

8.6)5.4 Requirement

The additional attenuation due to bending shall not exceed 0,5 dB.

8 6 r< La o 2l P il
V.U ICIISIIT Ol Cllstll

8.6.6.1 Purpose
POF cables used in the vehicle are routed in the same way as the typical wire harness. For this reason,

the tensile strength requirement for a POF cable is equal than the requirements for an electric wire
used for automobile.

8.6.6.2 Testsetup

A tensile strength tester that has the load-cell of 200 N and movable-stage of 100 mm/min is prepared.
DUT is just POF cable. DUT is set in a tensile strength tester at room temperature of +25 °C. The opposed
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wire clamps are set in the tensile strength tester with the distance of 100 mm to 200 mm. DUT is set to
be pulled by the opposed wire clamps.

8.6.6.3 Test methods

DUT is pulled at a pulling speed of 100 mm/min., the load to DUT is read out as the tensile strength at
the moment of 5 % elongation.

8.6.6.4 Requirement

=—see
POF

The mini ~nrstte-streng . tongatiomof-a-simgte-or-dotble-acket-simpte bt
8.4) shall 1
cable (see $.4) shall be 112 N.

8.6.7 Crush

8.6.7.1 Rurpose

POF cableq used in the vehicle might be subject to side pressure during cable“routing and/or urder
assembled|situation. Thus, it is required to define the upper limit value foriattenuation increase dufe to
this influence.

8.6.7.2 est setup

A POF cable with a length of 5 m is defined as DUT for this test."One end face of the DUT is conne¢ted
with the Iqunch optics. The other end face of the DUT is cofthected to the input of an optical pojwer
meter set 4t 650 nm centre wavelength. The central part.of’POF cable is put on the base stage, and|the
weight jig Is pressed from the upper side (see Figure. 16). Use mode scrambler with equilibrium mode
for the laumch optics. The distance from the mode scrambler to crush position is defined as 1 m.

8.6.7.3 est methods

The optical power at the output of the cable is measured before putting the crush load as the injtial
value. The [crush load induced by a 105 kg weight jig is applied to the POF cable for three minutes. [The
transmissipn attenuation is measured one minute after the side pressure is released (see Figure [16).
The test mlethod shall follow the specification given in IEC 60793-1-21 for the edge of the weigh{ jig.
Increased attenuation is the difference of the optical power before and after crush test.

2

Key

1  POF cable

2 100 mm by 100 mm square, 105 kg weight jig
3 base stage that is larger than weight jig

Figure 16 — Cable crush test
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7.4 Requirement

Increased attenuation of the POF cable measured 1 min after test ends shall be 0,2 dB or less.

8.6.

8.6.

8 Edge impact

8.1 Purpose

POF cables used in the vehicle might be subject to impact during cable routing. Thus, it is required to
define the upper limit value of increased attenuation due to the impact force.

8.6

AP
wit
set
jig i
the

8.6
The

8.2 Testsetup
DF cable with a length of 5 m is defined as DUT for this test. One end face of the DUT is

ht 650 nm centre wavelength. The central part of POF cable is put on the base stage, and
launch optics. The distance from the mode scrambler to edge impact position is defined 3

8.3 Test methods

optical power at the output of the cable is measured befor€ putting the impact load as

valge. A metallic cylinder of 30 mm in the diameter and 1’kg’in weight naturally droppe

heig
the
in
pow

tht of 50 mm on the POF cable, and the optical power:is.measured before and after the

increased attenuation is calculated (see Figure 17). Test method shall follow the specific
EC 60793-1-21 for the edge of the impact jig. Incréased attenuation is the difference of
fer before and after impact test.

2

T L

connected

h the launch optics. The other end face of the DUT is connected to the input of anoptical pgwer meter

the impact

s prepared to fall on the POF cable (see Figure 17). Use mode scrambler with equilibriuin mode for

s 1m.

the initial
d from the
mpact and
htion given
the optical

\
\
3
Key
1 |POFcable
2 mbactiiaofamatallic culindar of 20 s in tha diamatar and 1 Lo in ywaiaht
ki) Sl ¥ > Bl J R = = bbbk = Ty >Rk
3 base stage that is larger than impact jig
4  height of fall: 50 mm

8.6.

Figure 17 — Edge impact test

8.4 Requirement

Increased attenuation of the POF cable measured one minute after test ends shall be 0,2 dB or less.
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8.6.9 Static torsion

8.6.9.1 Purpose

POF cables used in the vehicle might be subject to torsion during cable routing and/or under assembled
situation. Thus, it is required to define the upper limit value of increased attenuation due to torsion.

8.6.9.2 Testsetup

A POF cable with a length of 5 m is defined as DUT for this test. One end face of the DUT is connected
with the | ICs: i i i wer
meter set 3t 650 nm centre wavelength. The POF cable is clamped to the fixed stage and the rotafion
stage for the static torsion test. Rotation stage shall be set between 1 m and 4 m from the launch 6ptics.
The distance between both stages is 50 mm. Use the mode scrambler with equilibrium mode for|the
launch opt]cs. The distance from the launch optics to static torsion position is defined as.lvm.

8.6.9.3 Test methods

Before the|DUT is twisted, optical power output after 5 m POF is measured-as’the initial value. POF
cable atteruation is measured before twisting as the initial attenuation. Rotation stage is rotatefl to
twist 180°[in the section of 50 mm on POF cable under test. The attenuation in this situation and|the
initial attehuation are subtracted to obtain the increased attenuation(see Figure 18). The differgnce
between the initial value and the optical power after twisting is the inereased attenuation.
A 1

4

f

()

Key

1  POF cable

2 torsion|jig..rotation stage
3  torsionjigriixed stage

4  torsion range: 50 mm

5 torsion angle: 180°

Figure 18 — Static torsion test

8.6.9.4 Requirement

Increased attenuation of the POF cable that is measured after twisting-test shall be 0,2 dB or less.

28 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=6838d8fba047142fd23d324675bf395a

1SO 21111-4:2020(E)

8.6.10 Resistance to flame propagation

8.6.10.1 Purpose
POF cables used in the vehicle are routed in the same way as the typical wire harness. For this reason,

the flame resistance requirement for a POF cable is equal than the requirement for an electric wire
used for automobile.

8.6.10.2 Test setup

AP ' * Ts1i i ' 3l direction
at rfoom temperature. The flame of a Bunsen burner is adjusted to the size of 50 mm-.ihner flame
and[ 100 mm outer flame. To prevent the self-extinction by the fusion, the test piece,of thg POF cable
sha]l maintain the shape of DUT specified in Figure 19 a). To maintain the shape of DUT, POF cable is
stabilized by one pair of copper wires supporting as defined in Figure 19 b).

8.6/10.3 Test methods

The POF cable is set 100 mm above the burner at 90° with respect to thednner flame of the hurner. The
POH cable is burned for 15 . The burner is removed after 15 s and the stdtus of the POF cable pfter being
ignited is chronologically monitored.

/7
13

S TS S e S T S

a) DUT with copper wires b) Testimage

Key

Copper wire diameter for mesh supporter : (0,7 - U,8] mm
POF cable

pitch of mesh for keeping an initial shape of DUT: 20 mm
tilt angle of the supported POF cable: 45°

tilt angle of the supported Bunsen burner: 45°

burning point from POF cable end: 100 mm

POF cable length for DUT: 600 mm

N O U W e

Figure 19 — Resistance to flame propagation test
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8.6.10.4 Requirement
The flame at the DUT shall self-extinguish within 30 s after the flame of the burner is removed from

the DUT.

9 Optical channel

9.1 General

Anoptical hannel i ompaosed of an opposed ontical PMD ansceiver defined in and 3
harness. The objective of an optical harness is to connect between the optical PMD transceivéers by
using one ¢r more POF cables connected serially. The serial connection of POF cables is performed
an in-line gystem using in-line connector defined in 3.6.

9.2 Optical harness (informative)

The optical harness is divided into a lot of areas like the engine room, the instrument panel, the floor,
the ceiling| the door and the trunk, etc., and a suitable design for each environment is enforced. Affter
these electric harnesses are attached to the body, the portion of the harnessin each area is conne¢ted
with the infline connector.

The numbgr of in-line connectors in an optical harness is arbitrary when the total harness attenuagion
(Ay) is lower than the system power budget (Pg) defined in Annex A.'For example, four in-line connecfors
can be insqrted into a 15 m optical harness (see Figures 20 and, 21):

1 5 3 1 1
/ A \ % \
Key
1 capble plug
2 PQF cable
3 cable socket

1and 3 in}line connector

Figure-20 — Optical harness with in-line connectors

Key
1 POF cable
2 in-line connector

Figure 21 — Optical harness layout image
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Positions of test points

The test points as shown in Figure 22 are defined as the positions where the parameters provided by
individual optical components are to be measured. Each test point is specified as follows.

o® N U1 A W N LR
(1]
<

(3}

9.4

9.4.

TP1: test point for electrical definitions of optical PMD transmitter that is defined in

ISO/IEC/IEEE 8802-3:2017/Amd 9.

TP2" test point for optical definitions of optical PMD transmitter output that is defined in this

subclause.

defined in ISO/IEC/IEEE 8802-3:2017/Amd 9.

TP3: test point for optical definitions of POF harness-end that. lis defined

ISO/IEC/IEEE 8802-3:2017/Amd 9.

TP3’: test point for optical definitions of optical PMD receiver input that is'defined in thig

TP4: test point for electrical definitions of optical PMD receiver that is glefined

ISO/IEC/IEEE 8802-3:2017/Amd 9.

NN
Ul

- i itter that is

in

subclause.

N\ LS

2 3 ;
/ / \

> IHI

C &

TP3’
TP1 TP2’ TP2 TP3 T
\ J\. J
Y Y
a b C
FOTx
waveguide
POF
mode filter (Annex‘B)
waveguide
FORx
Optical PMD transmitter.
POF cable.

Optical PMD receiver.

P4

Figure 22 — Position of test points

Requirements

1 Electrical characteristics

Table 5 specifies the normative references that contain requirements and test methods that the optical
components shall also comply in addition to the requirements and test methods defined in each

in

subclause. In case that the result of a test method in the reference over the same parameter differs from
the one defined in the subclause, the result in the reference shall prevail.
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Table 5 — Electrical characteristics

Subclause Requirement

Reference

Optical PMD transmitter input electrical interface

ISO/IEC/IEEE 8802-3:2017/Amd 9

Optical PMD receiver output electrical interface

ISO/IEC/IEEE 8802-3:2017/Amd 9

9.4.2 Optical characteristics

Table 6 specifies the normative references that contain requirements and test methods that the optical
components shall also comply in addition to the requirements and test methods defined in each

subclause.
the one def

n case that the result of a test method 1n the reference over the same parameter differs.ffom

ined in the subclause, the result in the reference shall prevail.

Table 6 — Optical characteristics

Subclausé Requirement Reference

EIA/TIA 455-20A

9.71 Minimum average output power at TP2
ISO/IEC/IEEE 8802:3:2017/Amd 9
EIA/TIA 455:34A

9.7.2 Extinction ratio at TP2
ISO/IECAEEE 8802-3:2017/Amd 9
IEC 61300-3-53

9.7.3 EAF profile at TP2
ISO/IEC/IEEE 8802-3:2017/Amd 9
EIA/TIA 455-20A

9.74 Minimum average output power at TP2’
ISO/IEC/IEEE 8802-3:2017/Amd 9
EIA/TIA 455-20A

9.7.5 Minimum average output power at TP3
ISO/IEC/IEEE 8802-3:2017/Amd 9

9.7.6 Range of optical input power at TP3’ ISO/IEC/IEEE 8802-3:2017/Amd 9
EIA/TIA 455-34A

9.7.7 Maximum coupling attenuation at optical in-line
IEC 60793-2-40

9.4.3 Physical characteristics

Table 7 spe
component

the one deflined in the stbclause, the result in the reference shall prevail.

cifies the normative'references that contain requirements and test methods that the opfical
s shall also comply’ in addition to the requirements and test methods defined in dach
subclause. [n case that thesesult of a test method in the reference over the same parameter differs from

Table 7 — Physical characteristics

Subclausé

Requirement

Reference

oaao-

\O

8.

—

Minimum retention force

ANSI/EIA 364-13

ISO 8092-2

9.8.2 Maximum insertion force
ANSI/EIA 364-13
9.8.3 Maximum unlock and release force ANSI/EIA 364-13
9.8.4 Durability of repeated mating/un-mating [EC 60512-13-2
9.8.5 Maximum cable holding force EIA 364-38A
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9.4.4 Temperature environmental characteristics

Table 8 specifies the normative references that contain requirements and test methods that
components shall also comply in addition to the requirements and test methods defin

the optical
ed in each

subclause. In case that the result of a test method in the reference over the same parameter differs from

the one defined in the subclause, the result in the reference shall prevail.

Table 8 — Temperature environmental characteristics

Subclause Requirement Reference
994 Highrstoragetemperatureexpostre HE66793-+5%
9.9 Low storage temperature exposure IEC 60793-1-51
998 High operation temperature exposure IEC 60793-1-51
9.94 Low operation temperature exposure IEC 60793-1-51

9.4)5 Combined environment examination

Tabje 9 specifies the normative references that contain requirements and)test methods that
conjponents shall also comply in addition to the requirements and-test methods defin
subflause. In case that the result of a test method in the reference over the same parameter d
the|one defined in the subclause, the result in the reference shall prevail. The following ex
arelexecuted sequentially using one same DUT.

Table 9 — Combined environmental examination

the optical
bd in each
iffers from
hminations

Subclause Requirement Reference
(L EIA/TIA 455-21

9.10.3 Operation test after durability of matg/un-mate

ISO 16750-1

[SO 16750-1
9.10.4 Operation test after high temperature exposure

ISO 16750-4

ISO 16750-1
9.10.5 Operation test after temperature and vibration

ISO 16750-3

ISO 16750-1
9.10.6 Operation test after heat shock

ISO 16750-4
910.7 Operation test after humidity/temperature cycle IS0 16750-1
- procédure 1SO 16750-4

ISO 16750-1
9.10.8 Operation test after specific vibration profile

ISO 16750-3
9.4/6-) Specific environmental examination

Table 10 specifies the normative references that contain requirements and test methods that the
optical components shall also comply in addition to the requirements and test methods defined in each
subclause. In case that the result of a test method in the reference over the same parameter differs
from the one defined in the subclause, the result in the reference shall prevail. DUT is prepared for

individually, and the following examinations are executed individually.

Table 10 — Specific environmental examination

Subclause Requirement Reference

IEC 60028-2-27

9.11.3 Operation test after specific physical impact
P P PRy P ISO 16750-1
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Table 10 (continued)

Subclause Requirement Reference
ISO 16750-1
9.11.4 Operation test after chemical durability procedure
[SO 16750-5
9.11.5 Operation test after Noxious gas exposure [EC 60068-2-60
ISO 16750-1
9.11.6 Operation test after specific dust condition exposure
ISO 16750-4
[SO 16750-1
9.11.7 Operatiomrtestafterspecificdrop procedure
IS0 16750-3

9.5 Methodology (informative)

9.5.1 Light source setup
Three kinds of light sources are prepared for the setup of each measurement.
a) IEEE cpmpliant modulated light source:

Modulpted light source is used for evaluation in operating mode 3<2 that is defined in ISO 16750-1.
This light source is composed by an optical PMD transmitter thdt fulfils the optical characterigtics
definefl in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, Table 115-8¢And an optical PMD transmitté¢r is
operated by test mode 3 that is defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.5.3.

b) IEEE cpmpliant DC light source:

To detprmine the attenuation of some components;or the change of the attenuation due to spme
conditjons, a DC light source is used to measure-the optical power at certain test points. This ljght
sourceis composed by an optical PMD transmitter that fulfils the optical characteristics defined in
[SO/IEC/IEEE 8802-3:2017/Amd 9:2018, Table 115-8. And an optical PMD transmitter is opergted
by tesf mode 5 that is defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.5.3.

c) Applicpble modulated LD light sourge:

This light source fulfils the-‘eptical characteristics defined in ISO/IEC/IEEE 8802-3:2(17/
Amd 9:2018, Table 115-8 for.ant AOP output measured at TP2 of 1 dBm with the exception of|the
follow|ng optical characteristics:

— maximum relative\iritensity noise shall be lower than -131 dB/Hz;
— minimum exfinction ratio shall be higher than 11 dB;

— mijnimunmnegative output droop shall be higher than -1,4 dB;

— minimum positive output droop shall be higher than -0,2 dB.

Measurement methods for transmitter optical characteristics are defined in ISO/IEC/IEEE 8802-3:2017/
Amd 9:2018, 115.6.4.

9.5.2 Excitation, test setup and measurement equipment

The test methods defined in this document require a controlled setting of physical variables and stimuli
for the DUT. For these physical parameters a defined precision is required. The following list defines
the recommended equipment and precision classified by the physical variable to be measured or set.

— Optical physical variable

Optical excitation and test setup equipment:
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1) light source as defined in 9.5.1;

2) mode scrambler as defined in 3.9;

3) mode filter as defined in Annex B.

Test setup and measurement equipment:

1) FFP optical system as defined in IEC 61300-3-53;

2) optical sampling oscilloscope that is able to work with signals from DC to 1 GHz;

3) a set of an optical to electrical converter and a sampling oscilloscope with| the same
frequency range;

4) optical power meter that can measure average optical power from -35 dBmto"+1,2 dBm;

5) detector of optical power meter has input window with sufficient diameter for defecting the
optical signals that need to be measured.

— | Electrical physical variable

Electrical excitation and test setup equipment:

1) function generator that is able to generate a voltage sigifal from 0,1 GHz to 1 GHz.
Test setup and measurement equipment:

1) sampling oscilloscope that is able to work with,signals from DC to 1 GHz.

— |Atmospheric physical variable

Test setup and measurement equipment:

1) programmable oven that can be controlled from -40 °C to +105 °C with a precision ¢f +1 °C;
2) standard temperature (and hymidity) chamber.

— |Mechanical physical variable

Test setup and measurenient equipment:

1) tensile strengtivtester that can be measure strengths up to 200 N;
2) push-pulltester that can be measured up to 200 N;

3) jigsarg€ defined as follows:

£ square jig for bent: see 8.6.4 and 8.6.5;

— weightjig: see 8.6.7;

— impactjig: see 8.6.8;

— torsion jig: see 8.6.9;

— ferrule guide: see 9.6.1 and 9.7.4;
— pick-up cord: see 9.7.4.

9.5.3 Harness setup

When the optical harness is evaluated, it is recommended that the optical harness is kept in a shape
similar to the actual assembly: locations to be bent, the number of bent locations, angle to twist, the
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number of twists, points to connect in-line and the number of in-line connections. It should be paid
attention that the propagation mode might excessively change in the aforementioned points.

9.6 Evaluation (characteristics of photoelectric conversion)

9.6.1 Optical PMD transmitter input electrical interface

9.6.1.1 Purpose

As a compllement of the test methods defined in ISO/IEC/IEEE 8802-3:2017/Amd 9;2018, 115.6,
test setup fhat allows substituting the 1000BASE-H transceiver by the electrical model of Figure 2
le electrical model may be performed by a function generator that fulfilsthe specificat

defined. T
given in 9.6
transmitte

In this test
may be eq

b.1.4. The equivalent circuit of the function generator plus the connections to the optical K
r shall be equivalent to Figure 23 in all the frequency range from DCxto at least 1 GHz.

setup the function generator drives the optical PMD transmitter with electrical signals
1ivalent to the ones generated by the 1000BASE-H transmiitter when set in one of the

modes from 2 to 6 defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.5. The test setup incly

mode filter

waveguide

(see Annex B) and optical pick-up cord (see Figure:28). Mode filter is inserted betw
and the ferrule-end of optical pick-up cords. Mode filter serves as a mechanical fix{

for couplinlg a fibre to the optical PMD transmitter while midintaining respective mode guidance.

output end
sampling o

of the optical pick-up cord is connected to the optical signal input terminal of the opt
scilloscope (see Figure 23).

4, a
3 is
ons
MD

that
test
des
een
ure
The
ical

1 2 3 2 7 3 9
""" - /T e
[> ............................................ g/
_____ s —
TP1 TP2
Key
1 functfon generator
2 optical PMD transmitter
3 transmitter\side of header connector
4 ferrule
5 POF cable
6 ferrule
7 ferrule guide
8 mode filter (Annex B)
9 photo detector of optical sampling oscilloscope
TP1 electrical signal input
TP2’ optical signal output
Figure 23 — Test setup for TP1 electrical interface measurement
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9.6.1.3 Test methods

Complementary to the test methods defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.6.4, the
test methods specified in this document shall use the test setup defined in 9.6.1.2.

9.6.1.4 Requirement

At TP1, electric signals shall be derived from the signal x(n) transmitted to the optical PMD
transceiver. The signal x(n) is defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.3.3.1 and

equation 115-22. The value of x(n) at each time shall be selected from the test modes 2 to 6 defined in
ISOAEC/IEEE 8802-3:2017/Amd 9:2018 1155

To pbtain the electrical signals at TP1 an electric model of the 1000BASE-H transmitter|and of the
optjcal PMD transmitter is defined in Figure 24:

TP1 1
R, ﬂ Rpwp 1x
R,
Vepp Veon Rpwp 1

VGCM VGCN

GND

Figure 24 — 1000BASE-H transmitter electrical model and optical PMD transmitter model

Vipb and Vipy shall follow the relationship defined in Formulae (2) and (3) with the signal x(n):

I Rx(n)
FST'T
VGDP:—Z (2)
I R-x(n)
_ Ipsftr
Vopn == ©

whegre -1 < x(n) ©h

On the otherliand, the common mode V¢ shall fulfil Formula (4):

IR
L FSTT
VGCM - 2 (4)

R and Ig are parameters that shall be provided by the 1000BASE-H transmitter component vendor
indicating the minimum and maximum values that can take under operation ambient conditions.

Rpyp Is a parameter that shall be provided by the optical PMD transmitter component vendor indicating
the min and max values that can take under operation ambient conditions.

Once the values are given, the common and differential voltages at TP1 V_,,, and V,,_4; are determined
by the models defined in Figure 24. In Table 11, examples of voltages at TP1 are given for typical values

of Ry, Irs and Rpyp.
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Table 11 — Interface at TP1 (informative)

Parameter Symbol Minimum Typical Maximum Unit
1000BASE-H transceiver
impedance to GND Ry o 50 o Ohm
1000BASE-H transceiver full scale

Igs — 6 — mA
to current
PMD impedance to GND Rpmp 46 50 54 Ohm
Common mode voltage at TP1 Veom 65 75 85 mV
Differentia nmp]ihldp at TP1
Vin-dif 250 300 350 mV-

(peak to peak)

9.6.2 Optical PMD receiver output electrical interface

9.6.2.1 HRurpose

The optica

The electrical characteristics of TP4 are measured.

9.6.2.2 Testsetup

PMD receiver shall convert the optical signal received at TP3' into electrical signals at TP4.

TP3' is optically coupled to the optical input of the optical PMD_receiver via a mode filter. Electiical
signals oufput from the photoelectric converter are connected to'the input terminal of the samp|ing
oscilloscople (see Figure 25). Impedance Ry shall be connected-to measure the V,, and V,, voltagep as

defined in Figure 26.
1

)

2 )

e N,
) \,
/ \
'

5 6

7 8 9

\

10

; A, R

2
TR

TP3’ TP4

Key
1 functjon generator
2 optical PMD transmitter
3 transpitter side offieader connector
4 ferrule
5 POF dable
6 ferrule
7 moded filter (Annex B)
8 receiver side of header connector
9 optical PMD receiver
10 sampling oscilloscope
TP3’ optical signal input
TP4 electrical signal output

Figure 25 — Test setup for TP4 electrical interface measurement
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9.6.2.3 Test methods

An electrical stimulus signal is to be provided at the signal input of the photoelectric converter (at TP1)
in a way that the intensity of the optical signal at TP3’ follows a sine wave with a frequency of 10 MHz
and an extinction ratio between 10 dB and 16 dB. With this signal as the optical stimulus of the DUT, its
electrical output is observed at TP4 with a sampling oscilloscope at TP4. The differential output pads of
the optical PMD receiver (DUT) shall be terminated with the desired impedance R (see Figure 26). The
voltages V.., tps and V,, 4i;r are measured.

9.6.2.4 Requirement

Optical signal input into TP3’ is defined as a 10 MHz sine wave with an extinction ratio betyveen 10 dB
and 16 dB that is photoelectrically converted. Electrical signals are output from TP4, [Fo|obtain the
eledtric signals at TP4, a model of the optical PMD receiver and a measurement procedure gre defined

in Higure 26:

VP
+
R,
+
VN
<> GND <> GND <~ GND

Key

1 |optical PMD receiver
Figure 26 — Optical PMD receiver model and measurement procedure

V, and V, are measured by terminating differentially the optical PMD receiver with an jmpedance
o? dontrolled value R¢-¥ and V, shall be measured by using high impedance probes conpected to a

sanjpling oscilloscopethat shall be able to simultaneously sample both probes to compute J,_q4ifr and
Veoth P4 Veom_TrgpisAlefined, instantaneously, as a function of V, and V), [see Formula (5)]:
Vo +V.
/P
Vcom_TP4_ 2 . (5)
Voulaiefis defined, instantaneously, as a function of V,, and V, [see Formula (6]]:
Vout difr =Vp ~Vn (6)

Optical PMD receiver output shall be differential and defined with a common mode voltage V,,, 1p, and
a differential amplitude V. qifr-

Rpmpr Veom T4 @nd Vo qire are parameters that shall be provided by the optical PMD receiver
component vendor indicating the minimum and maximum values of the parameters that can occur
under ambient operation conditions. In Table 12, pass/fail criteria for the test methods that refers to
TP4 in this document are defined. A pass result in the test for a component does not guarantee that the
combination of the component and the 1000BASE-H transceiver fulfils the requirements for a reliable

communication as defined in ISO/IEC/IEEE 8802-3:2017/Amd 9.
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Table 12 — Interface pass/fail criteria at TP4

Parameter Symbol Minimum Typical Maximum Unit
Measurement procedure
differential impedance Ry o 100 o Ohm
811\11%)ut PMD receiver impedance to Rowp_ rx 46 50 54 Ohm
Common mode voltage at TP4 Veom TP4 0,59 — 1,55 \Y%
Differential amplitude at TP4

Vout-diff 120 — 350 mV

(peak to peadg
9.7 Evaluation (optical characteristics)
9.7.1 Mipimum average output power at TP2
9.7.1.1 Rurpose
To be able[to design the optical communication system, the minimum average output power at [[P2
is an impdrtant parameter. It is a reference value required to secure the reliability of the opfical
communication as it determines the minimum receivable optical powet at TP3 for a given optical Joss
of a link.
9.7.1.2 Test setup
The DUT for this test is composed of the PMD transmitter‘connected with a 1 m POF cable by a cable
plug. One ¢nd of the POF cable has a polished fibre endiand the other cable end has the cable plug
assembled| A function generator defined in 9.5.2 is use@as the signal stimulus for the PMD transmitter.
The electrfcal signals that drive the optical PMD, transmitter shall be square wave of 16,25 NHz
(ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.5 test mode 3). The value of V,,,, and V,,_g;¢ shall fulfil the
requiremehts given in 9.6.1.4. AOP shall be measured with an optical power meter that is corrected at
650 nm. The detector of the optical power meter shall have sufficient area in order to detect all the ljght

emitted frq

9.7.1.3 1

POF cable
in 9.7.1.2. 1

pressure, and other stress factors. The AOP from the other end is measured with an optical power mg

9.7.1.4 K

The AOP mleastured at TP2 shall be within the limits defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2

Table 115-
measure A

m TP2.

est methods

'he POF cable under evaluation test shall be set free from being bent at small radius,

lequirement

is connected to the-eptical PMD transmitter that is operated with the condition defined

bide
ter.

18,
 to

Bfor 1000BASE-RHC corrected by a factor derived from the different test mode applie

UF.

9.7.2 Extinction ratio at TP2

9.7.2.1 Purpose

The extinction ratio is a key factor to guarantee the quality of the optical PMD transmitter. Thus a
limited allowable range for the extinction is defined.

9.7.2.2 Testsetup

1 m of POF cable that has the cable plug assembled on the cable end and polished on the other cable end
is prepared. DUT for this test method is composed by a PMD transmitter connected to the POF cable

40
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with the cable plug assembled. A function generator and an optical PMD transmitter shown in 9.6.1 are
used as the measurement light source. Electrical signals that drive the optical PMD transmitter shall
be square wave of 16,25 MHz (ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.5 test mode 3). The value of

Veom and Vy,_qi¢e shall fulfil the requirements given in 9.6.1.4.

9.7.2.3 Test methods

The POF cable is connected to the optical PMD transmitter and the other end is connected to an optical
oscilloscope or an oscilloscope via optical/electrical converter to measure the extinction ratio. The
POF cable under evaluation test shall be set free from being bent at small radius, side pressure, and

th s £ i LV £ o £l DR ckoll L £ P2 'S A (VA WA & »nYalVA & »i »h nil 0] 2 3.2017
0 L1 OLICOO0 1IAdULUL O, TVICAOUI UITIUITIU ITICLIIUUS Ul UIIU LIV olIdIT U 1T eI T CuUu LU lJU/ lLJLA/ ITLLL O J.

Amgf 9:2018, 115.6.4.5.

9.7{2.4 Requirement

Theg ER measured at TP2 shall be within the limits defined in ISO/IEC/IEEE 8802-3:2017/Amd 9:2018,
Tabje 115-8 for 1000BASE-RHC.

9.7]3 EAF profile at TP2

9.713.1 Purpose

EAF of optical signals entering optical fibres is restricted to”maintain the transmission pandwidth
reqpired for the entire defined length of optical harness.

9.7{3.2 Test setup

1 n1 of POF cable that has the cable plug assemabled on the cable end and polished on the pther cable
end| is prepared. DUT for this test method isi‘composed by a PMD transmitter connected o the POF
cable with the cable plug assembled. Electti¢al signals that drive the optical PMD transmitter shall be
squpre wave of 16,25 MHz (ISO/IEC/IEEE:8802-3:2017/Amd 9:2018, 115.5 test mode 3). EAF|measuring
equfipment with f6 lens system that js'defined in IEC 61300-3-53 is prepared. The measuringlequipment
is cprrected at 650 nm wavelength,-and it shall be able to detect all the emitted light froth TP2. The
optjcal fibre under evaluation test shall be set free from being bent at small radius, side pr¢ssure, and
other stress factors.

9.713.3 Test methods

Ong end of a 1 m POF4s connected to the optical PMD transmitter and the other end is conndcted to the
inpuit of the EARméasurement equipment. The EAF is measured as a function of the numerichl aperture
fullfangle.

9.7{3.4¢ \Requirement

-

EA A2FETDD cbhall ot Az onn ditbaolaorazaxw lia d o d 0 TCA/IDC /IR Q0ND 2, 9N17 /A d Q
=TT zZSam ot Rt Ca T CTO W T it Gt C O T 1O U/ TG TR L T OO YUZ—O. ZU L7 J Tt 75

9.7.4 Minimum average output power at TP2’

9.7.4.1 Purpose

To be able to design the optical communication system, the minimum average output power at TP2’
is an important parameter. It is a reference value required to secure the reliability of the optical
communication as it determines the minimum receivable optical power at TP3 for a given optical loss
of a link.
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9.7.4.2 Testsetup

A function generator and optical PMD transmitter shown in 9.5.2 are used as the measurement light
source. Electrical signals that drive the optical PMD transmitter shall be square wave of 16,25 MHz
(ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, 115.5 test mode 3). The value of V_,,, and V,,_4¢ shall fulfil
the requirements given in 9.6.1.4. The output face of the optical PMD transmitter is positioned facing
the input face of the mode filter connected with an optical pick-up cord with length fix to 100 mm and
known attenuation. The output face of the optical pick-up cord (see Figure 28) is positioned facing to

the photo detector of an optical power meter corrected at 650 nm (see Figure 27).

L2 6 2 8

//345\\ /

]

TP1 TP2’
Key
optical PMD transmitter

transmitter side of header connector
ferrule
POF dable
ferrule
ferrule guide

modd filter (Annex B)

photq detector of the optical power meter

X N O Ul s W N

TP1 electtical signal input
TP2’ optical signal output

Figure 27— Optical power pick-up system

Key

1 ferrule

2 POF cable (cladding diameter of POF: 1 mm; NA of POF: 20,5)
3 ferrule

4  cable length between ferrules: 100 mm

Figure 28 — Pick-up cord
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9.7.4.3 Mode filter

Optical filter that eliminates higher order modes in order to suppress modal dispersion. A propagation
mode necessary to maintain the bandwidth of POF is extracted by mode filter defined in Annex B.

9.7.4.4 Test methods

The AOP of optical signals on the output surface of the mode filter for optical coupling is measured with
an optical power meter defined in 9.5.2.

9.7
Thd

4. R - N
B NCYUITTIITIIT

AOP measured at TP2' shall be within the limits defined in ISO/IEC/IEEE 8802-3:2017/A

Tabje 115-8 for 1000BASE-RHC at TP2 decreased by 3,3 dB.

9.7

9.7

5 Minimum average output power at TP3

5.1 Purpose

To lpe able to design the optical communication system, the minimum\average input power 2

imp
opt

9.7

POR
of 11
is1
9.5.
sha
val
en

ortant parameter. It is a reference value required to calculate fépthe maximum allowablg
cal link for a given minimum power at TP2/TP2’.

5.2 Testsetup

nd 9:2018,

t TP3 is an
loss of the

cable with cable plug on the both ends is prepared<@s the DUT. Total length of POF cable

eof V

com
is prepared. One end of ferrule is.connected with optical PMD transmitter and other en

(TP[3) is connected with photo detector of optical power meter. AOP shall be measured with
power meter that is corrected at:650 nm. The detector of the optical power meter shall hav
areg in order to detect all thelight emitted from TP3. The optical fibre under test is set free

be

9.7

at small radius, side pfessure, and other stress factors.

5.3 Test methods

AOF at TP3 is measured with an optical power meter.

9.7

5.4 Reqguirement

Thg AOP.measured at TP3 shall be within the limits defined in ISO/IEC/IEEE 8802-3:2017/A

Tab

nd number

1-line shall be agreed between supplier and vehiele manufacturer. Unless otherwise proyided, DUT
5 m POF cable that includes 4 in-lines. A fun¢tion generator and optical PMD transmittdr shown in
P are used as the measurement light source, Electrical signals that drive the optical PMD tfransmitter
|1 be square wave of 16,25 MHz (ISO/IEG/IEEE 8802-3:2017/Amd 9:2018, 115.5 test m¢de 3). The
and V;_qi¢r shall fulfil thelequirements given in 9.6.1.4. POF cable with ferrules in both

d of ferrule
an optical
b sufficient
from being

Ind 9:2018,

le #15-10 for 1I000BASE-RHC at TP3

9.7.6 Range of optical input power at TP3’

9.7.6.1 Purpose

The optical input level to the optical PMD receiver greatly changes by the PMD transmitter’s AOP, the
design of the POF harness and the system operating condition. Therefore, optical PMD receiver should
be able to output an accurate demodulated electrical signal at TP4 if applied with an optical signal at
TP3 according to ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, Table 115-10.
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9.7.6.2 Testsetup

A function generator and modulated LD light source defined in 9.5.1 are used as the measurement light
source. Electrical signals that drive the LD light source shall be sine wave of 10 MHz with extinction
ratio between 10 dB and 16 dB. The system to provide the output of TP3 is prepared [see Figure 29 a)].
Each control point of the neutral density attenuator by which the output of TP3 becomes 1 dBm, -9 dBm,
and -18,5 dBm respectively is confirmed. Optionally, additional control points may be set as the output
of TP3 between 1 dBm and -18,5 dBm. The system to evaluate the optical PMD receiver is prepared [see

Figure 29 b)].

9.7.6.3 Testmethods

The electrical signal output V,, rps and V. 4 of TP4 are measured with the sampling oscillosqope
with the injput conditions at TP3 set to 1 dBm, -9 dBm, and -18,5 dBm respectively.

1 3

ey T

e

/ﬁ Py

ST

TP3’ TP4

b) Optical PMD receiver evaluation

~
o
<

funct]on generator

applifable modulated LDJight source defined in 9.5.1
transmitter side of header connector

ferrule
POF dable

neutrjal density attenuator
ferrule

modefiter (Anmnex B8]

O 0 N O U1 B W N -

receiver side of header connector
10 optical PMD receiver

11 sampling oscilloscope

TP3’ optical signal input

TP4 electrical signal output

Figure 29 — Optical PMD receiver evaluation
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9.7.6.4 Requirement

Electrical signal output at TP4 shall be within the limits defined in Table 11 for V., tps and V.
qife according to the optical signal output from TP3 defined in ISO/IEC/ 8802-3:2017/Amd 9:2018,
Table 115-10.

9.7.7 Maximum coupling attenuation at optical in-line

9.7.7.1 Purpose

Theopticatimtiretommector Tsa compoment of theopticat trarmesstoconmect rarness sertions. The
maximum attenuation of an in-line connector is required to calculate the total attenuation‘of{the optical
harpess.

9.7{7.2 Test setup

The length of POF cable under test is defined to be 5 m. One end face of the 5\m POF cable is|connected
to the output of a mode scrambler after 1 m from DC light source that has 650 nm + 15|nm centre
wavelength, and the other end face of the 5 m POF cable is connected-te-the input of an optical power
metler set at 650 nm centre wavelength.

9.717.3 Test methods

As Initial value the optical power at the end of the 5 m test cable is read out. The POF caljle is cut at
1 n] from the mode scrambler, and a cable socket and*a-cable plug are attached to the ogposing cut
facgs. The optical power of the 5 m POF cable with_the inserted in-line connector is measyred as the
attgnuated value. The difference between the initial optical power and the attenuated vplue is the
insgrtion attenuation of the in-line connector (see‘Figure 30).
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[
o

Key
DC light source
mode sframbler
cut point

POF caIle

optical power meter

in-line ¢onnector

N O U W

distancp between mode scrambler and in-line; 3000 mm

Figure 30 <=\In-line attenuation measurement

9.7.7.4 Requirement

The insert{on attenuation-per one in-line connector shall be 1,5 dB or less.

9.8 Evaluation (physical characteristics)

9.8.1 Mirimum retention force

9.8.1.1 Purpose

Unexpected pull forces during assembly of the optical harness into the vehicle or at the vehicle
maintenance might result in a not fully mated connector. This situation would increase the coupling
attenuation by the fibre to fibre distance change in the connector. Therefore, the performance of the
lock mechanism of an optical connector is specified not to come off by unexpected force.

9.8.1.2 Testsetup

DUT is composed by the mated cable plug and cable socket that are defined in Clause 7. DUT shall be
operated mated and unmated repeatedly ten times as the pre-condition. The cable socket is clamped to
the base stage with the holding jig, and the cable plug is clamped to the movable stage with the holding jig.
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1.3 Test methods

The movable stage shall be moved away in the vertical direction from the base stage (see Figure 31).
The tensile strength tester is operated under the designated operation criteria, and the retention force
of the optical connector is measured when the lock mechanism is damaged by pulling at the speed of
50 mm/min.

i/

Key

9.8
The

danpaged.

9.8

9.8

Thd
har

9.8

Thd
soc

9.8

cable plug (clamped to the movable stage)
cable socket (clamped to the base stage)

Figure 31 — Retention force measurement

1.4 Requirement

retention force of optical connectors shall bhe 100 N or stronger when the lock me

2 Maximum insertion force

2.1 Purpose

insertion power is defined for the effort reduction in the connector mating work when
hess is assembled to thecar.

2.2 Testsetup

test setup ofthe maximum insertion force measurement that is used to mate the conne
ket is definedin ANSI/EIA-364-13.

2.3 +Test methods

chanism is

an optical

tor plug to

The

tést method is defined in ANSI/EIA-364-13 as the particularity that shall be performd

d with the

lock mechanism activated.

9.8.

2.4 Requirement

The maximum insertion force shall be 44,1 N or lower when mating optical connectors at the speed of
50 mm/min.
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9.8.3 Maximum unlock and release force

9.8.3.1 Purpose

The lock mechanism of optical connectors is required to be easily unlocked and released when optical
harnesses are removed due to vehicle maintenance.

9.8.3.2 Testsetup

ANSI/EIA-364-13 defines the load required to release the lock of vehicle connectors. This evaluation

test shall I peT fUl uu:d WiLh Lht: lut,k lllULhdlliblll dchLinLcd.

9.8.3.3 Test methods

ANSI/EIA-B64-13 defines mating and unmating force test procedure for vehicle cennectors. [The
pushing load of the latch lever generated when a connector begins to unmate is measured.

9.8.3.4 Requirement

The pushirlg load of the latch lever generated when the both POF connectors'dre released shall be 40 N
or smaller when the lock mechanism of cable plug is pushed at the speed dHX10 mm/min.

9.8.4 Durability of repeated mating and unmating

9.8.4.1 HRurpose

Optical hafnesses assembled in the vehicle are mated\ahd unmated several times during velicle
maintenanice such as the product inspection process. Afévaluation test that mates/unmates cable plug
and cable socket repeatedly is required to check whether or not the optical connector maintaing its
required performance after repeated mate and uhimate actions.

9.8.4.2 Testsetup

The DUT T this test method consists:of*a POF cable with an in-line connector at the centre. The tptal
DUT length is 5 m. One end face of-.the 5 m POF cable is connected to the output of a mode scrampler
after 1 m from DC light source thathas 650 nm * 15 nm centre wavelength, and the other end face offthe
5 m POF c3ble is connected to-input of an optical power meter set at 650 nm centre wavelength. Affter
first matirllg of in-line connector (DUT) and prior to any unmating action, measure the initial oufput
power of the mated DUT.

9.8.4.3 Test methods

The cable plug-and socket of the in-line connector shall be mated and unmated repeatedly. The optical
output powefis'measured after each plug cycle when the cable plug and socket are mated. The differgnce
between theTmiti i i i the

insertion attenuation change of in-line connector. The mate and unmate speed is not defined, because
the mating of the plug and socket is done for the evaluation tests are typically performed manually.

9.8.4.4 Requirement

The cable plug does the mate and un-mate operation ten times repeatedly with the cable socket. The
difference of the insertion attenuation after each mate and unmate operation shall be defined within
+0,5 dB.
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9.8.5 Maximum cable holding force

9.8.5.1 Purpose

Optical harnesses might be pulled by unexpected forces when they are assembled into the vehicle or
vehicle maintenance is performed. The end of POF cable held in an optical connector is moved when the
POF cable is pulled. In this case, the optical coupling attenuation between the end of POF cable and the
opposite optics increases. To avoid this situation, the cable holding force of optical connector shall be

defined.
9.8/5.2 Testsetup
The POF cable with a cable plug or a cable socket assembled on one end is prepared. The’cgble plug or

the
POH

9.8

Thd
POHR

9.8

The
ort

9.9
9.9

9.9

Opt
con

being exposed for a long tinteto

9.9

The
3m
to t
way
pov
ove

cable socket is fixed with a holding jig set on the base stage of the tensile strength test
cable is fixed with the holding jig set on the movable stage.

5.3 Test methods

tensile strength test is performed at a pulling speed of 50 mm/min:The force generate
cable is pulled from either the cable plug or the cable socket is measured.

5.4 Requirement

cable-holding force shall be 110 N or stronger when the POF cable is pulled out from the
he cable socket by pulling with a speed of 50 mm/mit:

Evaluation (temperature environmental characteristics)
1 High storage temperature exposure

1.1 Purpose

ical harnesses are required.to.perform stable operation under the vehicle environmg
hectors in the optical hapness are also required to maintain their optical performance
T

max-*

1.2 Testsetup

DUT is composed of a POF cable of 3 m with a cable plug assembled on one end and a P|
with a cablé‘socket assembled on one end mated. One end face of the 3 m POF cable is
he output of a mode scrambler after 1 m from DC light source that has a 650 nm * 15
relength;"and the other end face of the 3 m POF cable is connected to photo detector of
fer-meéter set at 650 nm centre wavelength. The in-line connector of DUT is put into a pro

er, and the

d when the

cable plug

nt. Optical
even after

OF cable of
connected
nm centre
an optical
prammable

h;-and the ends of each POF cable are respectively connected to a DC light source and

the optical

power meter prepared outside of the oven.

9.9.

1.3 Test methods

Optical power that comes from the DUT is measured before the heat operation as the initial value.
After being held for 1 000 h at the designated temperature (7,,,,), the inside temperature is brought
to the room temperature. Optical power that comes from the DUT is measured at room temperature
(+25 °C). The increase of the attenuation in the in-line connector is obtained by subtracting the optical
power before and after heating. An applicable test condition shall be agreed between supplier and
vehicle manufacturer. Unless otherwise provided, designated temperature (7,,,,) is defined in code Kin
ISO 16750-4:2010, Clause 4.
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