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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC ACTIVE COMPONENTS AND DEVICES -
PERFORMANCE STANDARDS -

Part 4: 1 300 nm fibre optic transceivers
for Gigabit Ethernet application

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC 62149-4:2010. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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IEC 62149-4 has been prepared by subcommittee 86C: Fibre optic systems and active devices,
of IEC technical committee 86: Fibre optics. It is an International Standard.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the normative references are updated;

b) the condition "for short periods" in 4.1 is removed;

c) the absolute limiting rating for soldering temperature in Table 1 is modified;

d) the maximal optical output power (multimode fibre) in Table 4 is increased from -3,5 dBm
to -3 dBm, to align value with the referenced document;

e) a note is added to Table 7 to clarify that out-of-specification products are not allowed to
pass the performance tests.

The text of this International Standard is based on the following documents:

Draft Report on voting

86C/1800/CDV 86C/1826/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts of the IEC 62149 series, published under the general title Fibre optic active
components and devices — Performance standards, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Fibre optic transceivers are used to convert electrical signals into optical signals and vice versa.
This document specifies performance standards for 1 300 nm fibre optic transceivers for Gigabit
Ethernet application. The ISO/IEC/IEEE 8802-3 Gigabit Ethernet standard is used as the basis
for determining the optical characteristics of the transceiver, which operates at a line rate of
1,25 Gbit/s.
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FIBRE OPTIC ACTIVE COMPONENTS AND DEVICES -
PERFORMANCE STANDARDS -

Part 4: 1 300 nm fibre optic transceivers
for Gigabit Ethernet application

1 Scope

This part of IEC 62149 defines performance specifications for 1 300 nm fibre optic transceiver
modules used for the ISO/IEC/IEEE 8802-3 Gigabit Ethernet application. This document
contains definitions for product performance requirements as well as a series of tests and
measurements, for which clearly defined conditions, severities and pass/fail criteria are
provided. The tests are intended to be run on a "once-off" basis to prove any product’s ability
to satisfy the performance standard’s requirements.

A product that has been shown to meet all the requirements of a performance standard can be
| declared as complying with the performance standard but-sheuld will then be controlled by a
quality assurance/quality conformance program.

2 Normative references

The following documents are referred to in the text in such a way that some or all of 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.

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test-F Ta and Th: Test methods
for solderability and resistance to soldering heat of devices with leads

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-38, Environmental testing — Part 2-38: Tests — Test Z/AD: Composite
temperature/humidity cyclic test

IEC-60028 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
State

IEC 60749-25, Semiconductor devices — Mechanical and climatic test methods — Part 25:
Temperature cycling

IEC 60749-26, Semiconductor devices — Mechanical and climatic test methods — Part 26:
Electrostatic discharge (ESD) sensitivity testing — Human body model (HBM)

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

IEC 60938-1, Fixed inductors for electromagnetic interference suppression — Part 1: Generic
specification

IEC 60950-1:2004, Information technology equipment — Safety — Part 1: General requirements
ocuments
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IEC 61300-2-47, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 2-47: Tests — Thermal shocks

ISO/IEC/IEEE 8802-3:2021, Telecommunications and exchange between information
technology systems — Requirements for local and metropolitan area networks — Part 3: Standard
for Ethernet

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

No terms and definitions are listed in this document.

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

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.2 Symbols

E, extinction ratio

iy I data input current — high

I 1) data input current — low

Tout output current

P, alarm off level

Py alarm on level

P, optical output power

Popt optical input power

RH ative humidi

Rp Ry data output load

S receiver sensitivity

Tamb ambient operating temperature
D transmit disable function

T; data optical output fall time
T, data optical output rise time
Tstg storage temperature

Ve power supply voltage

#uVin— Ve datainput voltage — high

¥y V= Ve  datainput voltage — low

Vaom nominal operating voltage
Von alarm output high voltage Documents
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Voh - Vcc

V

ol

y

ol —

V.

cc

Vp p

AP,

AS
AL
A

ce

data output voltage — high
alarm output low voltage

data output voltage — low

transmitter differential input voltage swing
optical output power change from pre-test value to post-test value

receiver sensitivity change from pre-test value to post-test value

spectral width (RMS)
central wavelength

3.3 Abbreviated terms

BER
ECL
EO
ESD
HBM
LVTTL
NRZ
PECL
PRBS
RH
SD
TTL

bit error ratio
emitter-coupled logic
electro-optical

electrostatic discharge
human body model

low voltage transistor-transistor logic
non-return-to-zero

pseudo emitter-coupled logic
pseudo random bit sequence
relative humidity

signal detect

transistor-transistor logic

TTL/CMOS transistor-transistor logic/complementary metal-oxide-semiconductor

4 Product parameters

4.1 Absolute limiting ratings

IEC 62149-4:2022 RLV © IEC 2022

Absolute limiting (maximum and/or minimum) ratings, as shown in Table 1, imply that no
| catastrophic damage will occur if the product is subjected to these ratings-fer-shortperiods,
provided each limiting parameter is in isolation and all other parameters have values within the
normal performance parameters. It should not be assumed that limiting values of more than one
parameter can be applied at any one time.

Full document details: IEC 62149-4 2022 RLV
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Table 1 — Absolute limiting ratings

—9-

Parameter Symbol or Minimum Maximum Unit
abbreviated
term

Storage temperature TStg -40 +85 °C
Ambient operating temperature Tomb -10 +80 °C
Lead soldering temperature +260/ °Cls
(minimum distance to case specified) (for 10 s)

Output current out 0 50 mA
Data input voltage -0,5 Vee \%
Transmitter differential input voltage swing Vpp 0,30 1,40 \%
Supply voltage @ -0,5 om + 40-%) % \% |
Relative humidity © RH 5 85 %
a Nominal operating voltages (V) of 5V and 3,3 V apply. Referto-Annex-Aforvariantreferences: |
b No condensation allowed.
4.2 Operating environment
The parameters for the operating environment are shown in Table 2.

Table 2 — Operating environment
Parameter Symbol or Minimum Maximum Unit
abbreviated
term

Supply voltage 2 Ve T om ~ 5% % T om ¥ 5% % \
Ambient operating temperature Tomb 0 70 °C
Relative humidity RH 5 85 %

a For a nominal operating voltage (¥,

b No condensation allowed.

) of 5 V. For 3,3 V nominal operating voltage-timits—are, the minimum
value is 3,15 V-te and the maximum value is 3,45 V.

4.3 Functional specification

The specifications in Table 3 and Table 4 describe the functional requirements required to meet
the ISO/IEC/IEEE 8802-3 PHY specifications.

Table 3 — Receiver section: functional specification

Parameter Symbol Minimum Maximum Unit
Receiver sensitivity 2 S -19 dBm
Maximum optical input power -3 dBm
Optical return loss 12 dB
Alarm on level f Py -45 -20 dBm
Alarm off level f P, -19 dBm
Hysteresis 0,5 4,0 dB
Alarm response time 600 ' Oéﬁments
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Parameter Symbol Minimum Maximum Unit
Alarm output high voltage (option 1) ? Von -1,1 -0,8 \Y
Alarm output low voltage (option 1) P Vol -2,0 -1,6 \
Alarm output high voltage (option 2) © Von 2 Vee Vv
Alarm output low voltage (option 2) © Vor 0 0,8 \
Data output voltage — low ¢ Voi= Vee -1,950 -1,620 \Y
Data output voltage — high ¢ Von= Ve -1,045 -0,740 \%
Data output load ¢ 9 Ry 50 Q

NOTE Refer to Table 2 for operating environment.

a

(27 — 1) PRBS test signal.

These voltages are measured with respect to V..

¢ Qutputs compatible with TTL and LVTTL inputs.
4 Qutputs compatible with 10K, 10KH, 100K ECL and PECL inputs.

¢ Outputs terminated to ¥~ 2 V.

9 Basic value.

Alarm triggered when receive sensitivity is below that specified. Hysteresis value specified as P, - P

Minimum sensitivity and saturation levels for 1E-12 BER measured with a 9 dB extinction ratio source and

Table 4 — Transmitter section: functional specification

Parameter Symbol Minimum Maximum Unit
Central wavelength e 1270 1355 nm
Spectral width (RMS) A 4 nm
Optical output power (single-mode fibre) @ P, -11,0 -3,0 dBm
Optical output power (multimode fibre) @ € P, -11,5 -3;6 3,0 dBm
Extinction ratio E, 9 dB
Optical output rise time (20 % — 80 %) © T, 0,26 ns
Optical output fall time (80 % — 20 %) © T; 0,26 ns
Output eye P
Transmit disable function (optional) d D
Data input current — low I -350 pA
Data input current — high Ly, 350 A
Data input voltage — low ¢ Vi— Vee -1,810 -1,475 \%
Data input voltage — high ¢ Vin = Vee -1,165 -0,880 \Y
Transmitter differential input voltage swing Vpp 0,3 \%
NOTE Refer to Table 2 for operating environment.
a  Qutput eye is power coupled into a single-mode fibre, 62,5/125 multimode fibre, or 50/125 multimode fibre.
b Compliant with ISO/IEC/IEEE 8802-3.
¢ Compatible with 10K, 10KH, 100K ECL, and PECL signals.
d  Optional transmit disable function. Normal TTL function. Transmitter output enabled with no signal present.

With logic "high" input, transmitter output is disabled.
| € Measured at the output of a mode conditioning patchcord as specified in ISO/IEC/IEEE 8802-3:2021, 3.8\1‘]‘.4.

poecuments
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4.4 Diagrams

- 11 -

The diagrams in Figure 1 and Figure 2 are representative examples for the receiver section and

transmitter section.

PIN preamplifier

N

; il

DATA

Low
pass
filter

ECL

m INPUT

Laser
modulator

T A

4.5 Labelling

Laser bias
driver

I

Laser bias

control

Figure 2 — Transmitter section schematic

Limiting
amplifier Buffer
> > > O DATA out
O DATA out
Linear
amplifier
Level detector —0 SD
IEC
Figure 1 — Receiver section schematic
K Rear facet
KZS Laser \ﬁ monitor
photodiode

IEC

It is recommended that each transceiver (and supporting documentation) be labelled in a
manner visible to the user with at least the following data:

a) this document reference, including variant type;
b) applicable safety warnings.

Labelling requirements for class 1 lasers are given in the laser safety standards referenced

in 6.2.
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5 Testing

5.1 General

- 12 —
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Initial characterization and qualification shall be undertaken when a build standard has been
completed and frozen. Qualification maintenance is carried using periodic testing programs.
Test conditions for all tests unless otherwise stated are 25 °C + 2 °C.

5.2

Characterization testing

Characterization shall be carried out on at least 20 products taken from at least three different
manufacturing lots. The test and test limits are given in Table 5 and Table 6.

Table 5 — Transmitter section characterization tests

Test conditions ?
As-a-minimum-20-devices to-be-measured-at 0-°C, | Testlimit | Test limit ;
Parameter ° ° ° .| minimum maximum Unit
25 °Cand 70 °C (2 °C)and Fat (From—5
B T I
. ] ) 7 ;
Optical output Smgle-n)ode fibre, PRBS 2/ — 1 at 1,25 Gbit/s -11,0 -3.0 dBm
power modulation
Centre wavelength | PRBS 27 — 1 at 1,25 Gbit/s modulation 1270 1355 nm
Spectral width PRBS 27 — 1 at 1,25 Gbit/s modulation 4 nm
Extinction ratio 250 Mbit/s square wave 9 dB
ANS}-x-3.230filter; PRBS 27 — 1 at 1,25 Gbit/s
Eye mask test modulation No hits No hits
ISO/IEC/IEEE 8802-3:2021, 38.6.5
Re_latlvgllstensny -120 dB/Hz
noise (RIN) ISO/IEC/IEEE 8802-3:2021, 38.6.4
Rise and fall time 20 % to 80 % 0,26 ns

8 A minimum of 20 devices to be measured at Tymp ©F 0 °C, 25 °C, and 70 °C + 2 °C and with V__ set at minimum

operating voltage, at nominal operating voltage (V.

nom

minimum and maximum operating voltages.

), and at maximal operating voltage. Refer to Table 2 for

Table 6 — Receiver section characterization tests

Test conditions ?
As-a-minimum20-devices to-be measuredat 0-°C. | Testlimit | Test limit ;
Parameter ; ‘ A o L R Unit
25-°C and70-°C{+2 °C)-and ¥ -at-(Fyom—b5-%) minimum maximum
Veand-{(Fom) Vand-(Fgm+5 %)V
Sensitivity PRBS modulation NRZ at 1,25 Gbit/s assuming -19 dBm
at 1E-12 BER 9 dB extinction ratio source
Alarm level high TTL/CMOS compatible logic level "1"
Alarm level low TTL/CMOS compatible logic level "0"
Alarm on threshold PRBS m.odu.latlon NRZ at 1,25 Gbit/s assuming -20,0 dBm
9 dB extinction ratio source
Alarm hysteresis PRBS m_odu_lat|on NRZ at 1,25 Gbit/s assuming 0.5 4 dB
9 dB extinction ratio source
Maximum input Popt set to -2,4 dBm gate for 3 s using 9 dB 3
errors extinction ratio source

2 A minimum of 20 devices to be measured at T
operating voltage, at nominal operating voltage (V,

amb

nom

minimum and maximum operating voltages.

of 0 °C, 25 °C, and 70 °C = 2 °C and with V' set at minimum
), and at maximal operating voltage. Refer t
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5.3 Performance testing
5.3.1 Sequence of testing

Performance testing is undertaken when characterization testing is complete.

5.3.2 Sample size, sequencing and groupings

The performance test plan is given in Table 7 and the sample sizes, sequencing and grouping
to be used for the tests are as defined in Annex A. Samples may either be a new product or
sourced from a previous test.

A total of 96 products (95 + 1 control) are required for performance testing. Control devices are
used to determine measurement repeatability.
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Table 7 — Performance test plan

No. Test Requirements? Test methods and conditions
0 Full EO testing per Meets specification Tests carried out at 0 °C,
characterization test 25 °C, 70 °C
requirements
1 Solderability EO test 25 °C Max. | Min. | Unit | IEC 60068-2-20
AS +0,7 | -0,7 | dB | Steam ageing not required
Visual inspection AP, +0,5 | -0,5 dB
2 Connector EO test 25 °C Max. | Min. | Unit | 500 cycles. Clean and measure
mate/demate transmit side every 50 cycles.
AS *0,7 | 0.7 | dB | same connector
AP, | 40,5 | -0,5 | dB
3 ESD EO test Max. | Min. | Unit | IEC 60749-26, method HBM
0°C, 25°C,70°C AS +0,7 | -0,7 | dB 00V
AP, | +0,5 | -0,5 | dB
Flammability Class UL94-V
Mechanical shock EO test 25 °C Max. | Min. | Unit | IEC 60068-2-27
- 500-g
| AS | #0.7 | =07 | dB | 45000 m/s2, 1,0 ms, 5 times
AP, +0,5 | -0,5 dB | per axis
6 Vibration EO test Max. | Min. | Unit | IEC 60068-2-6
o o o o
‘ 0°C, 25°C,70°C AS +0,7 | -0,7 | dB
200 m/s?, 20 Hz to 2 000 Hz,
AP, | #0,5 1 -0,5| dB 4 min per cycle, 4 cycles per
axis
7 Cyclic moisture EO test 25 °C Max. | Min. | Unit | IEC 60068-2-38
As | +0,7 | 0,7 | ag | 10 cvcles
AP, | +0,5 | -0,5 | dB
8 Resistance to EO test 25 °C Max. | Min. | Unit | IEC 60068-2-20, test Tb,
soldering heat AS 407 |-07 4B method-4B 2, 350 °C 3,5 s
AP, | +0,5 | -0,5 | dB
9 Thermal shock EO test 25 °C Max. | Min. | Unit | IEC 61300-2-47
AS +07 | -07| dB delta temperature 100 °C
AP, | 40,5 | -0,5 | dB
10 | Fast temperature EO test Max. | Min. | Unit | IEC 60749-25
cycle 500 cycles o o o — lower soak temperature —40 °C,
0°C,25°C,70°C AS +0.7 0.7 dB upper soak temperature +85 °C,
AP, | +0,5 | -0,5 | dB 500 cycles
11 Fast temperature EO test Max. | Min. | Unit | As test 10, further 500 cycles
cycle 1 000 cycles 0°C, 25 °C, 70 °C AS +0,7 | -0,7 | dB
AP, | 40,5 | -0,5 | dB
12 | High temperature EO test 25 °C Max. | Min. | Unit | 70 °C,Fo=AFop +5-%V5p)
endurance 500 h
AS | +0,7 | -0,7 | dB | y_ at maximum operating
AP, | +0,5 | -0,5 | dB voltage (refer to Table 2)
13 | High temperature EO test Max. | Min. | Unit | As test 12, further 500 h
endurance 1 000 h 0°C, 25 °C, 70 °C AS | +0,7 | -0,7 | dB
AP, | +0,5 | -0,5 | dB
14 | High temperature EO test Max. | Min. | Unit | As test 13, further 1 000 h
endurance 2 000 h 0°C, 25 °C, 70 °C AS +0,7 | -0,7 | dB
AP +0,5 | -0,5 | dB
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