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OPEN Alliance Specification Copyright Notice and Disclaimer

1 OPEN SPECIFICATION OWNERSHIP AND USAGE RIGHTS

As between OPEN Alliance and OPEN Alliance Members whose contributions were incorporated in this OPEN
Specification (the “Contributing Members”), the Contributing Members own the worldwide copyrights in and
to their given contributions. Other than the Contributing Members’ contributions, OPEN Alliance owns the
worldwide copyrights in and to compilation of those contributions forming this OPEN Specification. For OPEN
Alliance Members (as that term is defined in the OPEN Alliance Bylaws), OPEN Alliance permits the use of this
OPEN Specification on the terms in the OPEN Alliance Intellectual Property Rights Policy and the additional
applicable terms below. For non-members of OPEN Alliance, OPEN Alliance permits the use of this OPEN
Specification on the terms in the OPEN Alliance Specification License Agreement (available here:
http://www.opensig.org/Automotive-Ethernet-Specifications/ )and the additional applicable terms below. The
usage permissions referenced and described here relate only to this OPEN Specification and do notinclude or
cover aright to use any specification published elsewhere and referred to in this OPEN Specification. By using
this OPEN Specification, you hereby agree to the following terms and usage restrictions:

2 RIGHTS AND USAGE RESTRICTIONS SPECIFIC TO OPEN ALLIANCE MEMBERS

FOR OPEN ALLIANCE MEMBERS ONLY: In addition to the usage terms and restrictions granted to Members in
the OPEN Alliance Intellectual Property Rights Policy, Members’ use of this OPEN Specification is subject this
Copyright Notice and Disclaimer. Members of OPEN Alliance have the right to use this OPEN Specification
solely (i) during the term of a Member’s membership in OPEN Alliance and subject to the Member’s continued
membership in good standing in OPEN Alliance; (ii) subject to the Member’s continued compliance with the
OPEN Alliance governance documents, Intellectual Property Rights Policy, and the applicable OPEN Alliance
Promoter or Adopter Agreement, as applicable; and (iii) for internal business purposes and solely to use the
OPEN Specification forimplementation of this OPEN Specification in the Member’s products and services, but
only so long as Member does not distribute, publish, display, or transfer this OPEN Specification to any third
party, except as expressly set forth in Section 11 of the OPEN Alliance Intellectual Property Rights Policy.
Except and only to the extent required to use this OPEN Specification internally for implementation of this
OPEN Specification in Member’s products and services, Member shall not modify, alter, combine, delete
portions of, prepare derivative works of, or create derivative works based upon this OPEN Specification. If
Member creates any modifications, alterations, or other derivative works of this OPEN Specification as
permitted to use the same internally for implementation of this OPEN Specification in Member’s products and
services, all such modifications, alterations, or other derivative works shall be deemed part of, and licensed
to such Member under the same restrictions as, this OPEN Specification. For the avoidance of doubt, Member
shall notinclude all or any portion of this OPEN Specification in any other technical specification or technical
material, product manual, marketing material, or any other material without OPEN Alliance’s prior written
consent. All rights not expressly granted to Member in the OPEN Alliance Intellectual Property Rights Policy
are reserved;

2.1 Rights and Usage Restrictions Specific to Non-members of OPEN Alliance

FOR NON-MEMBERS OF OPEN ALLIANCE ONLY: Use of this OPEN Specification by anyone who is not a
Member in good standing of OPEN Alliance is subject to your agreement to the OPEN Alliance Specification
License Agreement (available here: http://www.opensig.org/Automotive-Ethernet-Specifications/ ) and the
additional terms in this Copyright Notice and Disclaimer. Non-members have the right to use this OPEN
Specification solely (i) subject to the non-member’s continued compliance with the OPEN Alliance
Specification License Agreement; and (ii) for internal business purposes and solely to use the OPEN
Specification for implementation of this OPEN Specification in the non-member’s products and services, but
only so long as non-member does not distribute, publish, display, or transfer this OPEN Specification to any
third party, unless and only to the extent expressly set forth in the OPEN Alliance Specification License
Agreement. Exceptand only to the extentrequired to use this OPEN Specification internally forimplementation
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of this OPEN Specification in non-member’s products and services, non-member shall not modify, alter,
combine, delete portions of, prepare derivative works of, or create derivative works based upon this OPEN
Specification. If non-member creates any modifications, alterations, or other derivative works of this OPEN
Specification as permitted to use the same internally for implementation of this OPEN Specification in non-
member’s products and services, all such modifications, alterations, or other derivative works shall be
deemed part of, and licensed to such non-member under the same restrictions as, this OPEN Specification.
For the avoidance of doubt, non-member shall not include all or any portion of this OPEN Specification in any
other technical specification or technical material, product manual, marketing material, or any other material
without OPEN Alliance’s prior written consent. All rights not expressly granted to non-member in the OPEN
Alliance Specification License Agreement are reserved.

3 TERMS APPLICABLE TO BOTH MEMBERS AND NON-MEMBERS OF OPEN ALLIANCE

3.1 Patents, Trademarks, and other Rights:

OPEN Alliance has received no Patent Disclosure and Licensing Statements related to this OPEN Specification.
Therefore, this OPEN Specification contains no specific disclaimer related to third parties that may require a
patent license for their Essential Claims. Having said that, the receipt of this OPEN Specification shall not
operate as an assignment of or license under any patent, industrial design, trademark, or other rights as may
subsist in or be contained in or reproduced in this OPEN Specification; and the implementation of this OPEN
Specification could require such a patent license from a third party. You may not use any OPEN Alliance
trademarks or logos without OPEN Alliance’s prior written consent.

3.2 Disclaimers and Limitations of Liability:

THIS OPEN SPECIFICATION IS PROVIDED ON AN “AS IS” BASIS, AND ALL REPRESENTATIONS, WARRANTIES, AND
GUARANTEES, EITHER EXPLICIT, IMPLIED, STATUTORY, OR OTHERWISE, ARE EXCLUDED AND DISCLAIMED UNLESS (AND
THEN ONLY TO THE EXTENT THEY ARE) MANDATORY UNDER LAW. ACCORDINGLY, OPEN ALLIANCE AND THE
CONTRIBUTING MEMBERS MAKE NO REPRESENTATIONS OR WARRANTIES OR GUARANTEES WITH REGARD TO THIS
OPEN SPECIFICATION OR THE INFORMATION (INCLUDING ANY SOFTWARE) CONTAINED HEREIN. OPEN ALLIANCE AND
ALL CONTRIBUTING MEMBERS HEREBY EXPRESSLY DISCLAIM ANY AND ALL SUCH EXPRESS, IMPLIED, STATUTORY, AND
ALL OTHER REPRESENTATIONS, WARRANTIES, AND GUARANTEES, INCLUDING WITHOUT LIMITATION ANY AND ALL
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR USE, TITLE, NON-INFRINGEMENT OF OR
ABSENCE OF THIRD PARTY RIGHTS, AND/OR VALIDITY OF RIGHTS IN THIS OPEN SPECIFICATION; AND OPEN ALLIANCE
AND THE CONTRIBUTING MEMBERS MAKE NO REPRESENTATIONS AS TO THE ACCURACY OR COMPLETENESS OF THIS
OPEN SPECIFICATION OR ANY INFORMATION CONTAINED HEREIN. WITHOUT LIMITING THE FOREGOING, OPEN
ALLIANCE AND/OR CONTRIBUTING MEMBERS HAS(VE) NO OBLIGATION WHATSOEVER TO INDEMNIFY OR DEFEND YOU
AGAINST CLAIMS RELATED TO INFRINGEMENT OR MISAPPROPRIATION OF INTELLECTUAL PROPERTY RIGHTS.

OPEN ALLIANCE AND CONTRIBUTING MEMBERS ARE NOT, AND SHALL NOT BE, LIABLE FOR ANY LOSSES, COSTS,
EXPENSES, OR DAMAGES OF ANY KIND WHATSOEVER (INCLUDING WITHOUT LIMITATION DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, CONSEQUENTIAL, PUNITIVE, AND/OR EXEMPLARY DAMAGES) ARISING IN ANY WAY OUT OF USE OR
RELIANCE UPON THIS OPEN SPECIFICATION OR ANY INFORMATION HEREIN. NOTHING IN THIS DOCUMENT OPERATES
TO LIMIT OR EXCLUDE ANY LIABILITY FOR FRAUD OR ANY OTHER LIABILITY WHICH IS NOT PERMITTED TO BE EXCLUDED
ORLIMITED BY OPERATION OF LAW.

3.3 Compliance with Laws and Regulations:

NOTHING IN THIS DOCUMENT OBLIGATES OPEN ALLIANCE OR CONTRIBUTING MEMBERS TO PROVIDE YOU WITH
SUPPORT FOR, OR RELATED TO, THIS OPEN SPECIFICATION OR ANY IMPLEMENTED PRODUCTS OR SERVICES. NOTHING
IN THIS OPEN SPECIFICATION CREATES ANY WARRANTIES OR GUARANTEES, EITHER EXPRESS OR IMPLIED, STATUTORY
OR OTHERWISE, REGARDING ANY LAW OR REGULATION. OPEN ALLIANCE AND CONTRIBUTING MEMBERS EXPRESSLY
DISCLAIM ALL LIABILITY, INCLUDING WITHOUT LIMITATION, LIABILITY FOR NONCOMPLIANCE WITH LAWS, RELATING TO
USE OF THE OPEN SPECIFICATION OR INFORMATION CONTAINED HEREIN. YOU ARE SOLELY RESPONSIBLE FOR THE
COMPLIANCE OF IMPLEMENTED PRODUCTS AND SERVICES WITH ANY SUCH LAWS AND REGULATIONS, AND FOR
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OBTAINING ANY AND ALL REQUIRED AUTHORIZATIONS, PERMITS, AND/OR LICENSES FOR IMPLEMENTED PRODUCTS
AND SERVICES RELATED TO SUCH LAWS AND REGULATIONS WITHIN THE APPLICABLE JURISDICTIONS.

IFYOU INTEND TO USE THIS OPEN SPECIFICATION, YOU SHOULD CONSULT ALL APPLICABLE LAWS AND REGULATIONS.
COMPLIANCE WITH THE PROVISIONS OF THIS OPEN SPECIFICATION DOES NOT CONSTITUTE COMPLIANCE TO ANY
APPLICABLE LEGAL OR REGULATORY REQUIREMENTS. IMPLEMENTERS OF THIS OPEN SPECIFICATION ARE SOLELY
RESPONSIBLE FOR OBSERVING AND COMPLYING WITH THE APPLICABLE LEGAL AND REGULATORY REQUIREMENTS.
WITHOUT LIMITING THE FOREGOING, YOU SHALL NOT USE, RELEASE, TRANSFER, IMPORT, EXPORT, AND/OR RE-EXPORT
THIS OPEN SPECIFICATION OR ANY INFORMATION CONTAINED HEREIN IN ANY MANNER PROHIBITED UNDER ANY
APPLICABLE LAWS AND/OR REGULATIONS, INCLUDING WITHOUT LIMITATION U.S. EXPORT CONTROL LAWS.

3.4 Automotive Applications Only:

Without limiting the foregoing disclaimers or limitations of liability in any way, this OPEN Specification was
developed for automotive applications only. This OPEN Specification has neither been developed, nor tested
for, non-automotive applications.

3.5 Right to Withdraw or Modify:

OPEN Alliance reserves the right to (but is not obligated to) withdraw, modify, or replace this OPEN
Specification at any time, without notice.

© 2024 OPEN Alliance. This document also contains contents, the copyrights of which are owned by third
parties who are OPEN Alliance Contributing Members. Unauthorized Use Strictly Prohibited. All Rights
Reserved.
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4 ABBREVIATION/SYMBOLS

AOP Average optical power

BER Bit error rate

E/O Electrical-to-optical

ECU Electronic control unit

ER Extinction ratio

FFE Feed forward equalizer

FOT Fiber-optic transceiver

MDI Medium-dependent interface

O/E Optical-to-electrical

OMA Optical modulation amplitude

PMA Physical media attachment sublayer
PMD Physical medium dependent sublayer
RIN Relative intensity noise

RMS Root-mean square

TDFOM Transmitter distortion figure of merit
STDFOM Stressed transmitter distortion figure of merit

RESTRICTION LEVEL: Public | 11-11-2025 | OPEN Alliance, Inc.
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5 TERMS AND DEFINITIONS

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

1. ISO Online browsing platform: available at https://www.iso.org/obp
2. |EC Electropedia: available at http://www.electropedia.org/

6 NORMATIVE REFERENCES

The following documents are referred to in the text in such a way that some or all their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[11 ISO/IEC 17025:2017, “General requirements for the competence of testing and calibration laboratories,
Third edition,” ISO/IEC, Geneva, November 2017.

[2] IEEE Std 802.3cz:2023, “IEEE Standard for Ethernet Amendment 7: Physical Layer Specifications and
Management Parameters for Multi-Gigabit Glass Optical Fiber Automotive Ethernet”, IEEE, USA, April 2023.
[3]1 1ISO 16750-3:2023, “Road vehicles — Environmental conditions and testing for electrical and electronic
equipment Part 3: Mechanical loads,” ISO/IEC, Geneva, July 2023.

[4]11SO 24581:2024, “Road vehicles — General requirements and test methods of in-vehicle optical harnesses
for up to 100Gbit/s communication,” ISO/IEC, Geneva, September 2024.

7 INTRODUCTION

This document defines requirements for test houses and laboratories testing developed and fabricated
devices to be complied with multi-gigabit automotive Ethernet standards. Test equipment and facilities are
specified with example evaluation procedures. Minimum specification including functional specifications are
also defined in the documents.

7.1 Relationship to ISO/IEC 17025:2017 [1]

The ISO/IEC 17025:2017 [1] provides the general description for test houses and laboratories, including the
maintenance, calibration, reporting, and providing certificates for compliance. The standard provides no
specific information and description to configure test houses and laboratories for evaluation of the devices
developed and fabricated for multi-gigabit automotive Ethernet. This document follows the general description
of the ISO/IEC 17025:2017 and additional and specific information for testing the devices for multi-gigabit
automotive Ethernet.

7.2 Relationship to IEEE 802.3cz [2]

The IEEE 802.3cz specification [2] does not define the required equipment to evaluate the specifications for
standardized transceiver systems. To evaluate the compliance of developed and fabricated devices to the IEEE
standards, the minimum specification and specific evaluation procedures shall be specified. This document
provides the information to configure test houses and laboratories for multi-gigabit optical automotive
Ethernet.
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7.3 Relationship to ISO 16750-3:2023 [3]

ISO 16750-3:2023 [3] defines mechanical load specification for road vehicle equipment. In this specification,
no optical signal quality specification is defined. To organize the test house and laboratories, this document
provides the minimum specification for optical signal quality test under mechanical loads to optical harnesses
for multi-gigabit optical automotive Ethernet.

7.4 Relationship to ISO 24581:2024 [4]

ISO 24581:2024 [4] defines optical harness specification for road vehicles with a communication speed up to
100 Gbps. In the specification, no equipment specification is defined. To organize the test house and
laboratories, this document provides the minimum specification for the equipment and specified procedures
for multi-gigabit optical automotive Ethernet.

8 SCOPE

The following are the objectives of the requirements for the competence of laboratories testing multi-gigabit
optical automotive Ethernet:

1. provide the test equipment information,
2. provide the evaluation procedure in specific test, and
3. report and certificate the results of evaluation.

9 GENERAL ENVIRONMENTAL CONFIGURATION

Facility and environmental conditions for test houses and laboratories shall follow the ISO/IEC 17025:2017.
The other specifications that this document does not specify shall follow the ISO/IEC standard if needed.

10 TEST PROCEDURE EXAMPLE

10.1 Test point definitions

Test points evaluated for the multi-gigabit optical automotive Ethernet are shown in Figure 1, which is followed
by Clause 166.6.2 and figure 166-36 in IEEE 802.3cz [2].

PMD service PMD service
interface P2 TP3 interface
PMA — PMD ————— PMD — PMA

Fig1. Test points specified in BASE-AU PHYs.

Test points evaluated for the multi-gigabit optical automotive Ethernet are shown in Figure 2, where TP2 and
TP3 are defined in Clause 166.6.2 and Figure 166-36 in IEEE 802.3cz[2]. TP1 and TP4 are defined for fiber-optic
transceiver (FOT) test described in Clause 11.2 or 11.3.
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TP1 P2 TP3 TP4

xGMII xGMII

PCS/PMA

Cable Plug
1
an|d ajqed

=
=
=
—
A
(9]
o

ECU ECU

Optical Harness with in-line connections

Fig 2. Test points for actual tests.

10.2 Test patterns

Patterns used for tests are defined in Table 1. The appropriate patterns used in each test are also shown in
Table 2.

Table 1 Test patterns used in tests

DEFINED CLAUSE IN IEEE
PATTERN | PATTERN DESCRIPTION 802.3CZ
1 Slow sweep square waveform pattern (SSQWP) 166.5.2
2 Fast sweep square waveform pattern (FSQWP) 166.5.3
3 Short stress pattern for NRZ (SSPR-NRZ) 166.5.4
4 Short stress pattern for PAM4 (SSPR-PAMA4) 166.5.5
5 Pattern for stressed receiver sensitivity (SRS) 166.5.6
measurement
Table 2 Test patten description and related subclauses for tests.
PARAMETER PATTERN FOR PATTERN FOR RELATED CLAUSE
2.5GBASE-AU, 50GBASE-AU
5GBASE-AU,
10GBASE-AU AND
25GBASE-AU
Center wavelength and 3, orvalid BASE-AU signal | 4, orvalid BASE-AU 10.3.1
RMS spectral width signal
Average optical launch 3, orvalid BASE-AU signal | 4, orvalid BASE-AU 10.3.2
power signal
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Outer optical modulation
amplitude (OMA,uter)

Transmitter distortion
figure of merit (TDFOM)

Extinction ratio

Relative intensity noise
(RIN;,OMA)

Uncorrelated random
jitter

Signaling rate of
transmitter

Signaling rate of receiver
Receiver sensitivity test

Stressed receiver
conformance test signal
calibration (Stressed
TDFOM and ER)

Stressed receiver
conformance test signal
calibration (RIN and
random jitter)

Stressed receiver
sensitivity

BER test

1or3

1or3

lor2

3, orvalid BASE-AU signal

5, or patterns defined in
IEEE 802.3cz Clause
166.5.1

10.3 Example configuration for tests

lor4

lor4

lor2

4, orvalid BASE-AU
signal

5
4
4

5, or patterns defined in
IEEE 802.3cz Clause
166.5.1

10.3.3

10.3.3

10.3.3
10.3.3

10.3.3

10.3.3

10.3.8
10.3.8
10.3.9

10.3.9

10.3.9

10.3.6 and 10.3.10

Example block diagrams of the test configuration are shown with the equipment. The detailed specification of
the equipment is shown in Clause 11. In all of the following tests, the fiber optic cable specification shall be in
accordance with IEC 60793-2-10 for Type A1a.2 (OMS3) optical fiber.

10.3.1 Center wavelength and RMS spectral width measurement

This test shall be conformance to IEEE 802.3cz Clause 166.6.4.2. The example setup is shown in Figure 3.

1: Optical transmitter under test
2: Optical spectrum analyzer

Fig 3. Configuration block diagram of conformance test for center wavelength and RMS spectral width measurement.
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10.3.1.1 Required specification

Measured values of center wavelength and RMS spectral width shall be within Table 3, which is specified in
Table 166-9 of IEEE 802.3cz.

Table 3 Specified characteristics of center wavelength and RMS spectral width (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER VALUE UNITS NOTE
Center wavelength 970 t0 990 am
(range)
. RMS spectral width is
FnI:/IaSX)spectralMdth 0.7 nm the standard deviation

of the spectrum.

10.3.1.2  Test procedure

The test shall be performed as follows. The measurements shall also follow IEC 61280-1-3: Measurement of
central wavelength, spectral width and additional spectral characteristics.

3. Connect an optical transmitter under test to optical spectrum analyzer with an optical fiber cable, whose
length is 1 m from the MDI of the transmitter. Test point TP2 output shall be launched into the optical
spectrum analyzer.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.

Turn on the output of the optical transmitter under test.

Measure the optical spectrum output from the transmitter.

No o s

Evaluate the center wavelength and RMS spectral width in maximum with Table 3.

10.3.2 Average optical launch power measurement

This test shall be conformance to IEEE 802.3cz Clause 166.6.4.3. The example setup is shown in Figure 4. This
test shall also be with a waveform analyzer as shown in Figure 5.

1 | 2 |

1: Optical transmitter under test
2: Optical power meter

Fig 4. Configuration block diagram of conformance test for average optical power measurement.
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1: Optical transmitter under test

2. Optical splitter

3: O/E converter

4. Clock recovery unit with optical input
5: Waveform analyzer

Fig 5. Configuration block diagram of conformance using waveform analyzer with an optical signal input.

10.3.2.1 Required specification

Measured values of average optical launch power in each throughput at the ON state shall be within Table 4,
which is specified in Table 166-9 of IEEE 802.3cz. Optical launch power in the OFF state shall be less than —30
dBm in each parameter.

Table 4 Specified characteristics of average optical launch power (referred to Table 166-9 of IEEE 802.3cz).

AVERAGE AVERAGE
OPTICAL OPTICAL
PARAMETER LAUNCH LAUNCH UNITS NOTE
POWER POWER
(MAX) (MIN)
2.5GBASE-AU -4.3
5GBASE-AU -3.3
3.9
10GBASE-AU 2.4 dBm Specified at TP2
25GBASE-AU 1.4
50GBASE-AU 5 0.3

10.3.2.2  Test procedure

The test based on the configuration of Figure 4 shall be performed as follows. The measurements shall also
follow ANSI/TIA/EIA-455-95-2019: absolute optical power test for optical fibers and cables.

1. Connect an optical transmitter under test to an optical power meter with an optical fiber cable, whose
lengthis 1 mfrom the MDI of the transmitter. Test point TP2 output shall be launched into the optical power
meter.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.

Turn on the output of the optical transmitter under test.

Measure the optical launch power.

Evaluate the measured optical launch power with Table 4.

1 L

Turn off the optical transmitter and measure the average optical launch power.
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7.

Evaluate the measured optical launch power in the OFF state is less than -30 dBm.

The test based on the configuration of Figure 5 shall be performed as follows.

1.

® N o o

Connect an optical transmitter under test to a waveform analyzer system. The transmitter is connected to
an input port of an optical coupler and then the output ports of the coupler are input into the analyzer and
clock recovery unit, respectively. The recovered clock signal from the clock recovery unitis input into the
clock/trigger port of the waveform analyzer.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.

Measure the eye diagram of the input signal.

Estimate the average optical power using the average of the mean values of highest state P,,,, and lowest
state P,,;, of the eye diagram at a crossing point.

Pmax+Pmin
-
Evaluate the measured optical launch power with Table 4.

Calculate the average optical power by

Turn off the optical transmitter and measure the average optical launch power.
Evaluate the measured optical launch power in the OFF state is less than -30 dBm.

10.3.3 Outer optical modulation amplitude (OMA,.:.r), Uncorrelated random jitter, Relative
intensity noise (RIN;,OMA), Extinction Ratio, and Transmitter distortion figure of merit
(TDFOM), signaling rate measurements

Following tests shall be conformant to IEEE 802.3cz standards.

ok wbd=

Outer optical modulation amplitude (OMA,.wr) measurement for IEEE 802.3cz Clause 166.6.4.4,
Uncorrelated random jitter for IEEE 802.3cz Clause 166.6.4.7,

Relative intensity noise (RIN;;OMA) measurement for IEEE 802.3cz Clause 166.6.4.6, and
Transmitter distortion figure of merit (TDFOM) measurement for IEEE 802.3cz Clause 166.6.4.8, and
Signaling rate measurement specified in IEEE 802.3cz Table 166-9

In these tests, a waveform analyzer and a clock recovery unit are connected with an optical splitter as shown
in Figure 6.

1: Optical transmitter under test

2: Optical splitter

3: O/E converter

4. Clock recovery unit with optical input
5: Waveform analyzer

Fig 6. Configuration block diagram with use of the combination of a waveform analyzer and a clock recovery unit, which have

an optical signal input port.
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10.3.3.1

Required specifications

Measured values of outer optical modulation amplitude in each parameter shall be within Table 5, which is
specified in Table 166-9 of IEEE 802.3cz. The minimum value of the OMA, .« is expressed by

max(A, TDFOM + B)

with the specified values A and B. TDFOM is a target value for measure in transmitter test. The limitation of the

TDFOM is also shown in this subclause.

Table 5 Specification of Outer optical modulation amplitude (OMAouter) (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER

2.5GBASE-AU
5GBASE-AU
10GBASE-AU
25GBASE-AU
50GBASE-AU

OMAoyrer VALUE 4 VALUE B UNITS NOTE
(MAX)
-5 -5
-4 -3.9
3.2
-3.1 2.7 dBm
2.1 1.5
4.3 -1 0.4

Measured values of uncorrelated random jitter ¢, RIN1,OMA, extinction ratio, TDFOM and signaling rate in each
throughput shall be within Table 6 to Table 10, which are specified in Table 166-9 of IEEE 802.3cz, respectively.

Table 6 Specification of uncorrelated random jitter (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER

2.5GBASE-AU
5GBASE-AU
10GBASE-AU
25GBASE-AU
50GBASE-AU

UNCORRELATED RANDOM JITTER ¢t; (MAX)

0.02

0.008

UNITS NOTE

ul

Table 7 Specification of relative intensity noise (RIN12OMA) (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER

2.5GBASE-AU
5GBASE-AU
10GBASE-AU
25GBASE-AU

RIN.,OMA (MAX)

-120

124

UNITS NOTE

dB/Hz

RESTRICTION LEVEL: Public | 11-11-2025 | OPEN Alliance, Inc.

Page |19



Requirements for the Competence of Laboratories Testing Multi-Gigabit Optical Automotive Ethernet

50GBASE-AU

-131

Table 8 Specification of extinction ratio (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER VALUE (MIN) UNITS NOTE
2.5GBASE-AU

5GBASE-AU

10GBASE-AU : dB

25GBASE-AU

50GBASE-AU 3.5

Table 9 Specification of transmitter distortion figure of merit (TDFOM) (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER TDFOM (MAX) TDFOM (MIN) UNITS NOTE
2.5GBASE-AU 1 -0.3
5GBASE-AU 1 -04
10GBASE-AU 2 -1.0 dB
25GBASE-AU 2.5 -1.5
50GBASE-AU 3 -1.7
Table 10 Specification of signaling rate of transmitter (referred to Table 166-9 of IEEE 802.3cz).
PARAMETER TRANSMITTER CLOCK FREQUENCY | UNITS NOTE
2.5GBASE-AU 2.65625 =100 ppm
5GBASE-AU 5.3125 =100 ppm
10GBASE-AU 10.625+ 100 ppm Ghd
25GBASE-AU
26.5625 = 100 ppm
50GBASE-AU
10.3.3.2 Test procedures

For consistent measurement, TDFOM shall be measured first because the other parameters have included the

measured TDFOM values. Second, OMA, . shall be measured.

10.3.3.2.1 Transmitter distortion figure of merit (TDFOM)

This test shall be performed with the configuration of Figure 6.

RESTRICTION LEVEL: Public | 11-11-2025 | OPEN Alliance, Inc.

Page | 20



Requirements for the Competence of Laboratories Testing Multi-Gigabit Optical Automotive Ethernet

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.
Turn on the output of the optical transmitter under test.
Measure the mean value of TDFOM using the analyzer function.

e

Evaluate the measured uncorrelated random jitter with the values in Table 9.

10.3.3.2.2 Outer optical modulation amplitude (OMA,uter)

This test shall be performed with the configuration of Figure 6.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.

2. Turnonthe output of the optical transmitter under test.

3. Measure the meanvalue of signal over the center 3% of the time interval where the signalis in highest state
as Pax-

4. Measure the mean value of signal over the center 3% of the time interval where the signal is in lowest state
as Ppin.

5. Calculate the OMA.r Using an equation of Py, — Ppin in Watts.
Evaluate the measured OMA.r With the values in Table 5.

When the transmitter has large nonlinearity and large inter symbol interferences, the test pattern SSQWP
defined in Table 1 may be used under noise and jitter measurement mode in the analyzer.

10.3.3.2.3 Uncorrelated random jitter

This test shall be performed with the configuration of Figure 6.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.

2. Turnonthe output of the optical transmitter under test.

3. Measure the mean value of uncorrelated random jitter using the analyzer function feature. Typically, the
function may be equipped in noise and jitter measurement mode.

4. Evaluate the measured uncorrelated random jitter with the values in Table 6.

When the analyzer has not equipped the measurement features in uncorrelated random jitter, the test shall be
performed as following procedure.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.
Turn on the output of the optical transmitter under test.
Measure the standard deviation of the time measurements where the rising edge of the pattern crosses
the average optical power in horizontal measurement window of the height 2% of OMA,yter @S 0y jse -

4. Measure the standard deviation of the time measurements where the falling edge of the pattern crosses
the average optical power in horizontal measurement window of the height 2% of OMAcuer 8s 0y

52 2
5. Calculate the uncorrelated random jitter by ’M

6. Evaluate the measured uncorrelated random jitter with the values in Table 6.

10.3.3.2.4 Relative intensity noise (RIN.;,OMA)

This test shall be performed with the configuration of Figure 6..

1. Setthe operation mode of the optical transmitter to generate test pattern defined in Table 2.
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2. Measure the standard deviation of signal over the center 3% of the time interval where the signalis in the
highest state as RN;.
3. Measure the standard deviation of signal over the center 3% of the time interval where the signalis in the

lowest state as RN,.

_ 2
4. Calculate RIN;;OMA using the equation of 10 log;, (OIEXII—RI;J;’;/V
outer N

factor of the receiver of 7.8 GHz for 2.5GBASE-AU, 5GBASE-AU and 10GBASE-AU, and 20.11 GHz for
25GBASE-AU and 50GBASE-AU, respectively, as shown in Table 166-14, IEEE 802.3cz.
5. Evaluate the measured RIN;,OMA with the values in Table 7.

in dB/Hz, where BW), is the bandwidth

10.3.3.2.5 Extinction ratio

This test shall be configured with the setup shown in Figure 6.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.

2. Turnonthe output of the optical transmitter under test.

3. Measure the mean value of signal over the center 3% of the time interval where the signalis in highest state
as Ppax-

4. Measure the mean value of signal over the center 3% of the time interval where the signalis in lowest state
as Ppin-

5. Calculate the extinction ratio using an equation of 10 log,, Pmax

Pmin
6. Evaluate the measured extinction ratio with the values in Table 8.
10.3.3.2.6 Signaling rate of transmitter

This test shall be configured with the setup shown in Figure 6.

Set the operation mode of the optical transmitter to generate test pattern defined in Table 2.
Turn on the output of the optical transmitter under test
Measure the mean value of signaling rate (transmitter clock frequency).

© ®» N

Evaluate the measured signaling rate with the values in Table 10.

10.3.4 Encircled flux test

This test shall be conformance to Table 166-9 BASE-AU PMD transmitter optical characteristics of IEEE
802.3cz. The example setup is shown in Figure 7.

BN N

1: Optical transmitter under test
2: Standard OM3 optical fiber
3: Optical modal pattern measurement equipment

Fig 7. Configuration of encircled flux test.

10.3.4.1 Required specifications

Measured values of encircled flux of the transmitter shall be within Table 11, which is specified in Table 166-9
of IEEE 802.3cz.
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Table 11 Specified characteristics of encircled flux (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER VALUE UNITS NOTE

>86 % at19um
Encircled flux
<30 % at4.5pum

10.3.4.2 Test procedures

Set the test pattern generator to generate the pattern for average optical launch power defined in Table 2.
Measure the near field pattern.
Calculate a cumulative distributed function (CDF) of output optical power in radius.

P owbd =

Evaluate the measured CDF values with the values defined in Table 11.

10.3.5 Optical return loss tolerance measurement

This test shall be conformance to Table 166-9 BASE-AU PMD transmitter optical characteristics of IEEE
802.3cz. The example setup is shown in Figure 8.

TPZ2

1: Optical reflectometer
2: Transmitter under test

Fig 8. Configuration block diagram of optical return loss tolerance measurement for transmitter.

10.3.5.1 Required specifications

Measured value of optical return loss of the transmitter shall be within Table 12, which is specified in Table
166-9 of IEEE 802.3cz.

Table 12 Specified characteristic of optical return loss tolerance of transmitter (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER VALUE UNITS NOTE

Optical return loss

tolerance (max) 12 dB

10.3.5.2 Test procedures

1. Turn on optical reflectometer.
2. Measurereflectance Ry from the optical transmitter under test, not TP2.
3. Calculate an optical return loss tolerance Ty = |Rp|.
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4. Evaluate the measured optical return loss tolerance values with the values defined in Table 12.

10.3.6 Transmitter BER test

This test evaluates the conformance of the patterns transmitted from the transmitter under test and the
transmitter signal quality with the required system BER. The example setup is shown in Figure 9.

R S N

1: Optical transmitter under test
2: Golden receiver
3: BER tester

Fig 9. Configuration block diagram of transmitter BER test.

10.3.6.1 Required specifications

Measured system BER obtained golden receiver shall be less than 1072, which is specified in IEEE 802.3cz
Clause 166.1.

10.3.6.2 Test procedures

Set the operation mode of the optical transmitter under test to generate test pattern defined in Table 2.

2. Set BER test mode for both optical transmitter under test and golden receiver, which is defined in IEEE
802.3cz Clause 166.5.1.

3. Measure the system BER using the golden receiver. The BER tester is also available to measure the BER
after processed in the golden receiver.

4. Evaluate the measured system BER of less than 10712,

The golden receiver shall be passed the tests from Clause 10.3.7 to Clause 10.3.10.

10.3.7 Receiver reflectance measurement

This test shall be conformance to Table 166-10 BASE-AU PMD receiver optical characteristics of IEEE 802.3cz.
The example setup is shown in Figure 10.

TP3

1 E 2

1: Optical reflectometer
2: Receiver under test

Fig 10. Configuration block diagram of receiver reflectance.
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10.3.7.1 Required specifications

Measured value of receiver reflectance shall be within Table 13, which is specified in Table 166-10 of IEEE
802.3cz.

Table 13 Specified characteristics of receiver reflectance (referred to Table 166-10 of IEEE 802.3cz).

PARAMETER VALUE UNITS NOTE

Receiver reflectance

(max) —12 dB

10.3.7.1.1 Test procedures

5. Turn on optical reflectometer.
6. Measurereceiver reflectance Ry from the optical receiver under test, not TP3.
7. Evaluate the measured receiver reflectance values with the values defined in Table 13.

10.3.8 Receiver sensitivity measurement

This test shall be conformance to IEEE 802.3cz Clause 166.6.4.12. This test shall be with a waveform analyzer
and clock recovery unit as shown in Figure 11. The optical switch is used for calibration and receiver sensitivity
measurement.

(-

T
]

: Waveform generator

: Reference optical transmitter

: Variable optical attenuator

: Optical switch

: Optical receiver under test

: Optical power splitter

: O/E converter

: Clock recovery unit with optical input
: Waveform analyzer

[ToNe B B S N SO GUR NOR

Fig11. Configuration block diagram with use of an optical transmitter operated with optical-input-equipped clock recovery
unit.

10.3.8.1 Required specification

Measured values of receiver sensitivity in each throughput shall be within Table 14, which is specified in Table
166-10 of IEEE 802.3cz. The receiver sensitivity with the values in the table is expressed by

max(C,TDFOM + D).
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Table 14 Specified characteristics of receiver sensitivity (referred to Table 166-9 of IEEE 802.3cz).

PARAMETER VALUE C VALUE D UNITS NOTE
2.5GBASE-AU -16.1 -16.1

5GBASE-AU -156.1 -15.0

10GBASE-AU -14.2 -13.8 dBm

25GBASE-AU -11.2 -10.6

50GBASE-AU -6.4 -5.8

© o NGO r~ODd=

-
o

11.
12.
13.

10.3.8.2 Test procedure

Set the operation mode of reference optical transmitter to generate test pattern defined in Table 2.

Turn on the output of the optical transmitter under test.

Change the attenuation of the variable optical attenuator to zero.

Change the optical switch output to the analyzer.

Measure the OMA,r and TDFOM of transmitter.

Calculate the maximum receiver sensitivity OMA,., by max(C, TDFOM + D)

Switch the output of the optical switch to the receiver DUT.

Set optical transmitter to BER test mode per IEEE 802.3cz Clause 166.5.1.

Read number of error bits from the BER test mode counter, which is defined in Clause 45.2.3.94 of |IEEE
802.3cz.

. Calculate BER by dividing the number of error bits by the transmitted bits. If the BER is lower than 10712,

increase the attenuation of the variable optical attenuator by 0.04 dB, and repeat the procedure 9-10 until
calculated BER is greater or equal to 10712,

Record the received average optical power AOP.

Calculate the receiver sensitivity OMA by AOP + 0.04 [dBm].

Evaluate the measured receiver sensitivity OMA with the value OMA.«calculated in procedure 6.

10.3.8.3  Signaling rate test of the receiver

This test shall be conformance to IEEE 802.3cz Table 166-10. This test shall be with a reference optical
transmitter as shown in Figure 11. The optical switch is used for calibration and signaling rate test.

10.3.8.3.1 Required specification

Signaling rate (clock frequency) of reference optical transmitter shall be set to the values in Table 15, which is
specified in Table 166-10 of IEEE 802.3cz.

Table 15 Specification of signaling rate of receiver (referred to Table 166-10 of IEEE 802.3cz).

PARAMETER SIGNALING RATE OF RECEIVER UNITS NOTE
(RECEIVER FREQUENCY
TOLLERANCE)

2.5GBASE-AU 2.65625 =100 ppm Gbd
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5GBASE-AU 5.3125 + 100 ppm
10GBASE-AU 10.625 = 100 ppm
25GBASE-AU

26.5625 = 100 ppm
50GBASE-AU

10.3.8.3.2 Test procedure

8. Setthe operation mode of reference optical transmitter to generate test pattern defined in Table 2.

9. Setthe frequency of waveform generator in the reference optical transmitter to the values in Table 15.
10. Turn on the output of the reference optical transmitter.

11. Measure the bit error rate obtained in the receiver under test.

12. Evaluate and confirm obtained BER less than 10712,

10.3.9 Stressed receiver sensitivity measurements

This test shall be conformance to IEEE 802.3cz Clause 166.6.4.10. The example setup is shown in Figure 12.
T s {5 {6 ]
T s H{]

1: Waveform generator
2: Reference optical transmitter
3: Optical switch

4: 40-m-long optical fiber

5: Optical attenuator

6: Optical receiver under test

7: Optical power splitter

8: O/E converter

9: Clock recovery unit with optical input
10: Waveform analyzer

Fig 12. Configuration block diagram for stressed receiver sensitivity test.

10.3.9.1 Required specifications

Measured values of stressed receiver sensitivity in each throughput shall be within Table 16, which is specified
in Table 166-10 of IEEE 802.3cz. In this table, condition 1 and 2 are specified in IEEE 802.3cz Clause
166.6.4.13.2. Table 17 shows the parameters for STDFOM set for a reference optical transmitter.
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Table 16 Specified characteristics of stressed receiver sensitivity (referred to Table 166-10 of IEEE 802.3cz).

PARAMETER VALUE IN VALUE IN UNITS NOTE
CONDITION CONDITION
1 2

2.5GBASE-AU -156.1 -16.1

5GBASE-AU -14.0 -15.1

10GBASE-AU -11.8 -14.2 dB

25GBASE-AU -8.1 -11.2

50GBASE-AU -2.8 -6.4

Table 17 Specified characteristics of stressed TDFOM (referred to Table 166-10 of IEEE 802.3cz).

PARAMETER STDFOM, STDFOM, UNITS NOTE
CONDITION CONDITION
1 2

2.5GBASE-AU 1 0

5GBASE-AU 1 -0.1

10GBASE-AU 2 -0.4 dB

25GBASE-AU 2.5 -0.6

50GBASE-AU 3 -0.6

10.3.9.2 Test procedures

The waveform generator for stressed signal generation is configured as shown in Figure 13. First, the stressed
signal shall be calibrated, and then, the receiver test shall be performed.

N
R N N S N

: Gaussian random jitter generator

: Sinusoidal jitter generator

: Clock source

: Test pattern generator

: Additive white Gaussian noise generator
: Low-pass filter

U WN =

Fig 13. Example configuration of waveform generator (refer to IEEE 802.3cz Fig. 166-45).
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10.
11.
12.

13.
14.

15.

16.

17.

10.3.9.2.1 Generation method and calibration of stressed signal

Turn off jitter generator to generate clean clock from the clock source.

Turn on the output of the reference optical transmitter.

Set the test pattern generator to generate stressed receiver conformance test signal calibration (STDFOM
and ER) defined in Table 2.

Switch the optical switch to the optical path connected to the waveform analyzer.

Measure the TDFOM.

Tune the 3-tap feed-forward equalizer (FFE) equipped in the test pattern generator to meet the maximum
limitation of the stressed TDFOM (STDFOM) defined in Table 17 and to meet the minimum limitation of the

extinction ratio as shown in Table 8.

Measure OMA,.r and average optical power AOP to calculate [}, = %

Set the test pattern generator to generate stressed receiver conformance test signal calibration (RIN and
random jitter) defined in Table 2.

Turn on jitter generator.

Tune the sinusoidal jitter generator to meet the requirements of the jitter as shown in Table 18.

Measure the uncorrelated random jitter.

Tune the Gaussian jitter generator to meet the maximum limitation of the uncorrelated random jitter
defined in Table 6.

Turn on additive white Gaussian noise generator.

Tune the output power of Gaussian noise generator to meet the maximum limitation of RIN1,OMA as shown
in Table 7.

Set the test pattern generator to generate stressed receiver conformance test signal calibration (STDFOM
and ER) defined in Table 2.

Measure the STDFOM.

Tune the tap coefficient of 3-tap FFE of the test pattern generator to meet the requirements of the STDFOM
as shown in Table 17.

Table 18 Applied sinusoidal jitter (Peak-to-peak, Ul).

FREQUENCY RANGE 2.5GBASE-AU | 5GBASE-AU 10GBASE- 25GBASE- 50GBASE-
AU AU AU
f <1kHz Not specified
1kHz < f < 300 kHz 15 kHz/f
1kHz < f <3 MHz 150 kHz/f 60 kHz/f
300kHz < f < 1 MHz 0.05
3MHz < f <10 MHz 0.05 0.02

10.3.9.2.2 Stressed receiver sensitivity test

Stressed receiver sensitivity test shall be performed two conditions: condition 1 for maximum STDFOM and
condition 2 for minimum STDFOM, defined in Table 17.
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Set the test pattern generator to generate stressed receiver sensitivity defined in Table 2.
2. Switch the optical switch into the optical path connected to the optical fiber and optical receiver under
test.
3. Setthe optical receiver under test to receive the stressed receiver sensitivity (SRS) pattern.
Set the attenuation to zero in the variable optical attenuator.
5. Increase the attenuation when the following status is shown:
- The RS-FEC codeword error ratio is over the limit of 4 x 1071°,
- Local link margin reported in register 3.2350 (see IEEE 802.3cz Clause 45.2.3.92) is lower than 0.
- Localreceiver status, link status, or local PHD reception status reported in register 3.2349 (see IEEE
802.3cz Clause 45.2.3.91) isequalto 0
6. Decrease the attenuation until none of the above status are met.
Measure the average optical power at TP3 AOPrps.
Calculate and evaluate the stressed receiver sensitivity OMAguwer at TP3 by AOPrp3 X I;..

10.3.10 BER test at the output of the receiver

This test shall be conformance of the receiver function to IEEE 802.3cz Clause 166.1. The example setup using
golden transmitter is shown in Figure 14. The test can be used with reference optical transmitter instead of the
golden transmitter.

1: Golden transmitter, or reference optical transmitter
2: Optical receiver under test
3: BER tester

Fig14. Configuration block diagram of BER test at the output of the receiver.

10.3.10.1 Required specifications

Measured system BER obtained at the output of the receiver shall be less than 1072, which is specified in IEEE
802.3cz Clause 166.1.

10.3.10.2 Test procedures

1. Set the operation mode of golden transmitter or reference optical transmitter to generate test pattern
defined in Table 2.
Measure the BER at the output of the receiver using waveform analyzer.
Evaluate the measured system BER of the receiver of less than 10712,

10.3.11 Optical harness test

Following tests are not mandatorily required in IEEE 802.3cz. These are for design and evaluation of the
characteristics of the optical harness. The optical harness is an optical communication medium that connects
opposing electronic controlunits (ECUs), and is composed of the optical cable and several optical connectors.
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10.3.11.1 Frequency response characteristics measurement

The testis for evaluation of the optical harness quality in frequency domain. Figure 15 shows the block diagram
to measure the transmission characteristics in the range of the modulation frequency. S-parameter S21 is
measured as a frequency response.

1 L 2 ] L 3

1: Optical reference transmitter
2: Optical harness under test
3: O/E converter

4: Vector network analyzer

Fig 15. Configuration of frequency response characteristic measurement test.

10.3.11.1.1 Test procedures

1. Calibrate the optical frequency response of the optical reference transmitter and O/E converter using
vector network analyzer without an optical harness under test.

2. Insertthe optical harness under test between the reference optical transmitter and the O/E converter after
calibration.

3. Measure the frequency response of the harness by sweeping the frequency of the vector network analyzer.

4. Evaluate the S21 parameter of the optical harness under test.

10.3.11.2 Reflection point measurement

The testis for the optical harness failure analysis of breaks of the harness and the connector-related reflection.
This test can be used in quality assurance as well as detection of the fiber failure in deployed optical harness.
The testis for the optical harness failure analysis of breaks of the harness and the connector-related reflection.
This test can be used in quality assurance as well as detection of the fiber failure in deployed optical harness.
Example configuration of the measurement is shown in Figure 16.

1: Optical reflectometer
2: Optical harness under test
3: Optical terminator

Fig 16. Configuration block diagram of the measurement of the reflection points of the optical harness.

10.3.11.2.1 Test procedure

1. Turn on the optical reflectometer to measure the reflection points
2. Evaluate S11 parameter at each reflection point of the optical harness under test.
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10.3.11.3 Optical attenuation measurement of optical cable in bending stress

This testis for evaluation of the bending attenuation of optical signals transmitted over the optical cable. Figure
17 shows the example block diagram to measure the loss induced by cable bend. The configuration of bend jig
is referred to ISO 24581:2024. subclause 6.3.8.

4

1: Lightwave source

2: Optical cable under test
3: Optical power meter

4: Bend jig

Fig17. Configuration of test setup for optical attenuation measurement by bending stress.

10.3.11.3.1 Required specifications
Measured optical attenuation shall be within Table 19, which is specified in Subclause 6.3.8 of ISO 24581:2024.

Table 19 Specified characteristics of bending attenuation (referred to ISO 24581:2024 subclause 6.3.8).

PARAMETER VALUE UNITS NOTE

Bending attenuation

0.2 dB
(max.)

10.3.11.3.2 Test procedure

Measure the received average optical power AOP;,;; without bend jig.
Set the optical cable to bend jig.
Measure the received average optical power AOPy,,,; after enough time.

Calculate the bending attenuation by —10 log%ooibend_
init

Evaluate the measured values with the values defined in Table 19.

ok owbdb=

10.3.11.4 Optical attenuation measurement of optical harness in torsion stress

This test is for evaluation of the attenuation of optical signals induced by torsion stress to optical harnesses.
Figure 18 shows the example block diagram to measure the loss induced by harness twisted. The torsion stress
test shall refer to ISO 24581:2024, subclause 6.3.12.
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5
2N

N_/

1: Lightwave source

2: Optical harness under test
3: Optical power meter

4: Left torsion clamp

5: Torsion force

6: Right torsion clamp

Fig 18. Configuration of test setup for optical attenuation measurement by torsion stress.

10.3.11.4.1 Required specifications

Measured optical attenuation shall be within Table 20, which is specified in Subclause 6.3.12 of ISO
24581:2024.

Table 20 Specified characteristics of optical attenuation induced by torsion stress (referred to ISO 24581:2024 subclause
6.3.12).

PARAMETER VALUE UNITS NOTE

Attenuation induced by

. 2 B
torsion stress (max.) 0 d

10.3.11.4.2 Test procedure

Set the distance between right and left clamps to 50 mm = 2.5 mm.

Set the torsion stress to zero and measure the received average optical power AO Py ;-
Rotate the left clamp 180 degrees clockwise.

Keep in 3 minutes.

Rotate the left clamp 360 degrees counter clockwise.

Keep in 3 minutes.

Measure the minimum received optical power AO Py, inimum during the torsion stress applied.
Rotate the left clamp 180 degrees clockwise to release the torsion stress.

To keep 1 minute.

0. Measure the received average optical power AOPfe;-

maX(AOPminimum:AOPafter)
AOPinit )
12. Evaluate the measured values with the values defined in Table 20.

S9N ~BN =

11. Calculate the torsion stress attenuation by —10 log;,

10.3.11.5 Optical attenuation measurement of optical harness in tensile stress

This test is for evaluation of the attenuation of optical signals induced by tensile stress to optical cables.
Figure 19 shows the example block diagram to measure the loss induced by cable stretched. The tensile
stress test shall refer to ISO 24581:2024, subclause 6.3.9.
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1: Lightwave source

2: Optical cable under test
3: Optical power meter

4: Left tensile stress clamp
5: Right tensile stress clamp
6: Tensile stress force

Fig 19. Configuration of test setup for optical attenuation measurement by tensile stress.

10.3.11.5.1 Required specifications
Measured optical attenuation shall be within Table 21, which is specified in Subclause 6.3.9 of ISO 24581:2024.

Table 21 Specified characteristics of optical attenuation induced by tensile stress (referred to ISO 24581:2024 subclause
6.3.9).

PARAMETER VALUE UNITS NOTE

Attenuation induced by

. 0.2 dB
tensile stress (max)

10.3.11.5.2 Test procedure

Set the tensile load to zero and measure the received average optical power AOP;;;-
Apply the tensile load up to 120 N with a speed of 50 mm/min.

Keep in 1 minute with the load.

Remove the tensile load with a speed of 50 mm/min.

Measure the received average optical power AOP ., after 1 minute.

AOPafter

AOPp

Evaluate the measured values with the values defined in Table 21.

Calculate the tensile stress attenuation by 10 log,

No ogpobd=

10.3.12 Vibration test for transmitter, receiver, and optical harness

This test evaluates the transmitter, receiver, and optical harness under vibrational conditions. Figure 19 shows
an example of how vibration is applied to the optical connector in the harness. The vibration conditions for the
test shall follow ISO 16750-3:2023—particularly Clause 4.1.8 for components installed in passenger cars—
and related standards. All tests defined in the document shall be performed and passed under these vibration
conditions.

RESTRICTION LEVEL: Public | 11-11-2025 | OPEN Alliance, Inc. Page | 34



Requirements for the Competence of Laboratories Testing Multi-Gigabit Optical Automotive Ethernet
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7] 7]

1: Optical cable under test

2: Cable clamp

3: Optical connector under test
4: Clamp for vibration tester

5: Vibration tester

Fig 20. Example configuration of vibration test for optical connector.

10.3.12.1 Example requirements for optical harness test under vibration conditions

Vibration conditions for testing the optical harness shall follow those specified in Table 22. Under these
conditions, all tests related to the optical harness defined in the document shall be passed.

Table 22 Example specification of the vibrational condition for optical harness tests.

PARAMETER VALUE UNITS NOTE

Excitation frequency 33o0r67 Hz

Acceleration of

L 45 m/s?
excitation (max.)

11 TEST EQUIPMENT

11.1 Equipment commonly used for the tests based on IEEE 802.3cz and ISO
24581:2024

11.1.1 Optical spectrum analyzer

11.1.11 Purpose

To evaluate the center wavelength and RMS spectral width for compliance tests.
11.1.1.2 Related test points
- Transmitted signal test at TP2

11.1.1.3 Required minimum specification

Table 23 Specification of optical spectrum analyzer.

ITEMS VALUES UNIT
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Wavelength range
Wavelength accuracy
Wavelength repeatability
Wavelength resolution

Wavelength resolution
accuracy

Level sensitivity

Level accuracy

Level flatness
Maximum input power

Dynamic range

MINIMUM

840

55

11.1.2 Optical power meter

11.1.2.1 Purpose

To measure and evaluate average optical powers and receive optical powers in conformance tests.

11.1.2.2 Related test points

- Transmitted signal test at TP2

TYPICAL

MAXIMUM

990

0.1

+20

nm
nm
nm
nm

%

dBm
dB
dB
dBm
dB

- Calibration and measurements of the signal input into receiver at TP3

11.1.2.3 Required minimum specifications

Table 24 Specification of optical power meter.

NOTE

at 1 min. accumulation

VALUES

ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM

Wavelength range 840 990 nm

Power range -70 10 dBm

Power accuracy +0.1 dB

Repeatability +0.05 dB

Uncertainty *4.0% pWwW at 25°C, 40%RH

0.5
Noise (peak to peak) 0.5 pW
Numerical aperture <0.3 MMF max 50 ym core

size
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Maximum safe input 16 dBm
power

11.1.3 Variable optical attenuator
11.1.3.1 Purpose

To evaluate a receiver sensitivity test and stressed receiver sensitivity test to check conformance.
11.1.3.2 Related test points

- Transmitted signal test at TP2
- Launch power level management of the sighal input into the fiber and receiver at TP3

11.1.3.3 Required minimum specification

Table 25 Specification of variable optical attenuator.

VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM

Wavelength range 840 990 nm
Variable attenuation 0 35 dB
range
Attenuation resolution 0.03 dB
Attenuation accuracy +0.25 +0.15 dB Input optical signal shall
. - have the spectral
Attenuation repeatability +0.025 dB bandwidth of input signal
Return Loss 25 dB > 30 nm for unpolarized
. . light.
Maximum safe input 23 dBm .
power Output signal of

encircled flux shall be <
30% in 4.5 pym radius and
> 86% inside 19 um for
50/125 pm fiber.

11.1.4 Light source
11.1.4.1 Purpose

- To configure a reference optical transmitter, and
- To test and calibrate the equipment.

11.1.4.2 Related test points

- Transmitted signal test at TP2
- Signal test transmitted over optical fibers and signal input into a receiver at TP3
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11.1.4.3 Required minimum specification

Table 26 Specification of light source.

VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM
Wavelength range 840 990 nm
Wavelength accuracy +1 nm
Output optical power -10 dBm
Linewidth 100 MHz in single-mode operation
Relative intensity noise -120 dBm

11.1.5 Optical-to-electrical converter

11.1.6.1 Purpose

To evaluate an optical frequency-domain characteristics in the optical harness.

11.1.5.2 Related test points

- Transmitted signal test at TP2
- Signal test transmitted over optical fibers and signal input into a receiver at TP3

11.1.5.3 Required minimum specification

Table 27 Specification of optical-to-electrical converter.

VALUES

ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM

Wavelength range 840 990 nm

Bandwidth 10 GHz

(<=10 Gbps)

(<=50 Gbps) 25 V/W

Conversion efficiency 10 V/W

Optical input power 4 mwW
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11.1.6 Waveform analyzer

11.1.6.1 Purpose

- To measure and evaluate the parameters such as OMA,ter, RIN;2OMA, TDFOM, uncorrelated random jitter,

extinction ratio, and signaling rate,

- To calibrate the signal quality in receiver sensitivity test and stressed receiver sensitivity test, and

- To measure and evaluate the signal quality used in the tests.

11.1.6.2 Related test points

- Quality confirmation of the signal output from PMA/PCS at TP1
- Transmitted signal test at TP2

- Signal test transmitted over optical fibers and signal input into a receiver at TP3

- Received signal test at TP4 in the receiver

11.1.6.3 Required minimum specification

Table 28 Specification of waveform analyzer.

VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM
Electrical Channel 2.5 12.5 20 GHz
Bandwidth, -3 dB
(for <=10 Gbps)
(for <=50 Gbps) 28 50 GHz
Electrical channel RMS 275 uV 20 GHz BW
noise
420 uVv 30 GHz BW
450 40 GHz BW
500 50 GHz BW
Electrical channel DC +1.15 mV
accuracy
Jitter RMS 160 200 fs
Record Length 1 268,435,456 with pattern lock and
"Acquire Entire Pattern"
Electrical channel 50 Q

nominal Input
Impedance

Input

Supports differential signal measurement
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Signal modulation
format

Signal Processing

NRZ (for <=25 Gbps), PAM4 for 50 Gbps

TDFOM, Equaliser (LFE, CTLE , DFE) are available.

Table 29 Specification of optical input channel of waveform analyzer (mandatory).

ITEMS

Wavelength range

Optical channel
bandwidth, -3 dBo

(for <=10 Gbps)

Optical channel
bandwidth, -3 dBo (for
25/50 Gbps)

Optical channel
bandwidth, -3 dBo (for
all data rates)

Optical channel RMS
Noise

Maximum measurable
input optical power

Average optical power
monitor accuracy

Jitter RMS
Record length

Fiber Input

Fiber input/output
connector

Signal modulation
format

Signal Processing

Other

VALUES
MINIMUM | TYPICAL MAXIMUM
840 990
7.5
19.34
16.4
8 10
4
200 = 10%
160 200
1 268,435,456
50/125
um
FC/PC

NRZ for <=25 Gbps, PAM4 for 50 Gbps

TDFOM, Equalizer (LFE, CTLE , DFE) are available.

UNIT

nm

GHz

GHz

GHz

W

mwW

nW

fs

NOTE

4th order Bessel-
Thomson low-pass
response* for OMA, ER,
RIN and uncorrelated
jitter measurement

4th order Bessel-
Thomson low-pass
response* for OMA, ER,
RIN and uncorrelated
jitter measurement

4th order Bessel-
Thomson low-pass
response* for TDFOM

At 26.5625 Gbaud

at 500 pW/division scale
factor

Without connector
uncertainty

with pattern lock and
"Acquire Entire Pattern"

Need the pattern lock and Impulse Response Correction to get an ideal

channel response.
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Note* 4" order Bessel-Thomson response should extend out to 3 x BW-3dB and at
frequencies above 3 x BW-3dB, the response should not exceed -24 dB.

11.1.7 Clock Recovery Unit

11.1.71 Purpose

To recover the clock signal driving the waveform analyzer using input signals output from the transmitter.

11.1.7.2 Related test points

- Transmitter signal test at TP2

- Signal test transmitted over optical fibers and signal input into a receiver at TP3

11.1.7.3 Required minimum specification

Table 30 Specification of clock recovery unit.

VALUES
ITEMS

MINIMUM | TYPICAL MAXIMUM
Input frequency range 26.5625
Clock output frequency 26.5625
Output voltage 500
Corner frequency 0.1

(for <=10 Gbps)
(for <=50 Gbps) 1

Signal format support
(for <=10 Gbps)

(for <= 50 Gbps)

Fiber Input 50/125 pm

Fiber input/output FC/PC

connector

Other CRU capabilities External
signal
splitter

UNIT

GHz
GHz

mVp-p
MHz

MHz

NOTE

Divided clock output of
/2, /4, 1/8, /16 is
implemented.

Slope of 20 dB/decade

Slope of 20 dB/decade
NRz

NRZ and PAM4
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11.1.8 Bit error rate tester

11.1.8.1 Purpose

To measure BERs.

11.1.8.2 Related test points

- Transmitter signal converted by O/E converter at TP2
- Output signal from the receiver

11.1.8.3 Required minimum specifications

Table 31 Specifications of BER tester.

VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM
Frequency clock 2.5 26.5625 Gbd
Input sensitivity 10 mVpp Single-end
Clock input frequency 26.5625 GHz Divided clock of /2, /4,
/8, f/16 is implemented.
Received format NRZ and PAM4
Test Patterns PRBS7, PRBS15, PRBS 31, user pattern (length >32768)

11.2 Transmitter Test
11.2.1 Waveform generator

11.2.11 Purpose

To generate test patterns.

11.2.1.2 Related test points

- FOT test between TP1 and TP2 in the transmitter
- Transmitter signal test at TP2

11.2.1.3 Pulse pattern generator

11.2.1.3.1 Required minimum specifications

- 3-tap feed-forward equalization feature shall be equipped in each bit rate.

Clock input to operate the pulse pattern generator shall be equipped.
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Table 32 Specification of pulse pattern generator.

ITEMS

Bit rate
(for <=10 Gbps)

(for <=25 Gbps)
(for 50 Gbps)
Output voltage
Test patterns

Clock output frequency
(for <=10 Gbps)

(for <=50 Gbps)

11.2.1.4

VALUES
MINIMUM | TYPICAL MAXIMUM
2.5 10.625
2.5 26.5625
53.125
100 1000
10
25

Arbitrary waveform generator

11.2.1.4.1 Required minimum specifications

Table 33 Specification of arbitrary waveform generator.

VALUES
ITEMS

MINIMUM | TYPICAL | MAXIMUM
Analog 10.625
bandwidth
(for <=10 Gbps)
(for <=50 Gbps) 26.5625

Sample Rate 25
(for <=10 Gbps)

(for <=50 Gbps) @ 65

Rise/fall
time(20%-
80%)

(for <=10 Gbps)

23

UNIT

Gbps
Gbps
Gbps

mVp-p

GHz

GHz

UNIT

GHz

GHz

GSal/s

GSa/s

Ps

NOTE

PAM4 waveform output

PRBS7, PRBS15, PRBS31

Divided clock output of
/2, /4, 1/8, /16 is
implemented.

Divided clock output of
/2, /4, 1/8, /16 is
implemented.

NOTE

3 dB, excl.
sin(x)/x roll-off)

3 dB, excl.
sin(x)/x roll-off)

Output amplitude
500 mVp-p(se)
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(for <=50 Gbps)

Bit resolution

Output voltage

single-ended 75
into 50 Q 150

differential

Clock output
frequency

(for <=10 Gbps)

(for <=50 Gbps)

Memory length | 256k

Random jitter,
RMS

Impedance

Output type

Other

11.3 Receiver test

18

200

50

1000
2000

10

25

ps Output amplitude
500 mVp-p(se)

bit

mVp-p Without pre-
distortion

GHz Divided clock
output of f/2, f/4,
/8, /16 is
implemented.

GHz Divided clock
output of f/2, f/4,
/8, /16 is
implemented.

Samples/channel

fs

Q

Single ended (Unused output must be terminated with 50 Q to

GND) or differential

Itis recommended that calibration can be performed at the end of
the RF cable connector with sampling oscilloscope.

11.3.1 Reference optical transmitter

11.3.1.1 Purpose

- To generate the stressed signal for the receiver test, and

- To measure the optical frequency characteristics in the harness test as an E/O converter.

11.3.1.2 Related test points

- FOT test between TP3 and TP4 in receiver
- Receiver test at TP3 and TP3

11.3.1.3 Required minimum specification

Table 34 Specification of reference optical transmitter.

ITEMS

VALUES

UNIT
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MINIMUM | TYPICAL MAXIMUM

Wavelength range 840 990 nm

Optical output power 0 dBm
Relative intensity noise -120 dBm
Analog bandwidth 26.5625 GHz

11.4 Optical harness test

11.4.1 Optical reflectometer

11.4.1.1 Purpose

To check the defects and unwanted reflection in the optical harness.
11.4.1.2 Related test points
- Transmitted signal test between TP2 and TP3

11.41.3 Required minimum specification

Table 35 Specification of optical reflectometer.

VALUES
ITEMS UNIT
MINIMUM | TYPICAL MAXIMUM

Wavelength range 840 990 nm
Dynamic range 27 dB
Event dead zone 0.5 1 m
Attenuation dead zone 2.5 m
Distance uncertainty m
Linearity +0.03 dB/dB

11.4.2 Vector Network Analyzer

11.4.2.1 Purpose

To measure the optical frequency response of the optical harness.

11.4.2.2 Related test points

- Transmitted signal test between TP2 and TP3

NOTE

In CW operation

NOTE

%(0.75 + 0.0025% x
distance + sampling
resolution)
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11.4.2.3

Required minimum specification

Table 36 Specification of vector network analyzer.

VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM
Frequency range <1 30 GHz
Dynamic range 140 dB
Output power 10 dBm
Number of ports 2
Temperature stability 0.005 dB/°C
11.4.3 Tensile stress application system
11.4.3.1 Purpose
To evaluate the optical attenuation induce by tensile stress to the optical harness.
11.4.3.2  Related test points
- Transmitted signal test between TP2 and TP3
11.4.3.3 Required minimum specification
Rotary-type tensile strength tester has rotating mandrels.
Table 37 Specification of tensile strength measurement.
VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM
Applied load 120 200 N
Diameter of mandrel 60 mm
Distance of clamps 100 200 mm
Accuracy +9 %
Tensile speed 50 mm/min.

11.4.4 Bend jig for bending attenuation measurement

11.4.41

Purpose

To evaluate the optical attenuation induce by bending stress to the optical harness.
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11.4.4.2  Related test points
- Transmitted signal test between TP2 and TP3

11.4.4.3 Required minimum specification

Table 38 Specification of bend jig.

VALUES
ITEMS UNIT NOTE

MINIMUM | TYPICAL MAXIMUM

Bending radius 15.0 15.1 mm

Accuracy +0.7 %

11.4.5 Static torsion stress application system

11.4.5.1 Purpose

To evaluate the optical attenuation induce by torsion stress to the optical harness.
11.4.5.2 Related test points
- Transmitted signal test between TP2 and TP3

11.4.5.3 Required minimum specification

Table 39 Specification of torsion stress application system.

VALUES
ITEMS UNIT NOTE

MINIMUM | TYPICAL MAXIMUM

Clockwise torsion angle 1809 degrees

Counter clockwise 360*+18 degrees
torsion angle

Distance of clamps 47.5 52.5 mm

Accuracy +9 %

11.5 Encircled flux and optical spatial mode measurement
11.5.1 Optical near-field pattern measurement equipment
11.5.1.1 Purpose

- To measure the near field pattern irradiated from the optical harness facet for evaluation of the encircled

flux, and
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- To evaluate the modal noises induced by the transmission over an optical harness.
11.5.1.2 Related test points
- Transmitted signal test at TP2 and TP3

11.5.1.3 Required minimum specification

Table 40 Specification of optical near-field pattern measurement equipment.

VALUES

ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM

Wavelength range 840 990 nm

Horizontal pixel number | 640 pixel

Vertical pixel number 480 pixel

Pixel resolution 0.5 pm/pixel

Dynamic range 8 bit/pixel

11.5.2 Optical excitation point controller

11.5.2.1 Purpose

To induce the optical modal noise into the optical harness for worst-channel case evaluation.

11.5.2.2 Related test points

- Transmitted signal test at TP2 and TP3

11.5.2.3 Required minimum specification

Table 41 Specification of optical excitation point controller.

VALUES
ITEMS UNIT NOTE
MINIMUM | TYPICAL MAXIMUM
Wavelength range 840 990 nm
Diameter of spot size 10 50 pmo
Displacement of spot 50 pm Displacement from the
center center of the fiber core
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11.6 Vibration tester

11.6.1 Purpose

To induce vibrations to the transmitter, receiver, and optical cables with optical in-line connectors.

11.6.2 Required minimum specification

Table 42 shows an example of tester specification. The equipment shall induce vibration to the transmitter,
receiver, and optical harness for the tests defined in ISO 16750-3:2023 and the related standards.

Table 42 Specification of vibration tester.

ITEMS

Excitation force

(sinusoidal wave)
(random wave)
(shock wave)

Excitation frequency

VALUES

MINIMUM | TYPICAL

300

200
300

MAXIMUM

1000

UNIT NOTE

N rms

Hz
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