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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 1-3: General communication subsystems — Measurement of central
wavelength, spectral width and additional spectral characteristics

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatian comprising
all national electrotechnical committees (IEC National Committees). The object of IEC.is)to |promote
interhational 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 Specifjcations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to ps "IEC
Publ|cation(s)"). Their preparation is entrusted to technical committees; any IEC National’ Committee interested
in tHle subject dealt with may participate in this preparatory work. International/~governmental apd non-
govgrnmental organizations liaising with the IEC also participate in this preparation: IEC collaborateq closely
with [the International Organization for Standardization (ISO) in accordancecwith conditions deternjined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an intefnational
conslensus of opinion on the relevant subjects since each technical¢ccommittee has representation [from all
interpsted IEC National Committees.

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Pubjications
trangparently to the maximum extent possible in«th€ir national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indjcated in
the lgtter.

5) IEC ftself does not provide any attestation of\conformity. Independent certification bodies provide cgnformity
sment services and, in some areas,~access to IEC marks of conformity. IEC is not responsiblel for any

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

7) No liability shall attach to IEC of its' directors, employees, servants or agents including individual expprts and
members of its technical committees and IEC National Committees for any personal injury, property dafnage or
othef damage of any nature'‘whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of/the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publ|cations.

8) Attention is drawn.tothe 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 sdibject of
patept rights;FEC shall not be held responsible for identifying any or all such patent rights.

active

IEC 61[280<1-3 has been prepared by subcommittee 86C: Fibre optic systems and
devices, 0 re oplics.

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) addition of measurement of signal-to-source spontaneous emission ratio in 8.9;

b) change of document title to reflect the additional measurement;

c) additional information on the resolution bandwidth used in the measurement of the side-
mode suppression ratio in 8.8;

d) use of a calibrated optical wavelength meter for accurate wavelength measurements of
single-longitudinal mode lasers.
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The text of this International Standard is based on the following documents:

Draft Report on voting

86C/1701/CDV 86C/1717/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 d
accord

availah

IEC ar

bcument was drafted in accordance with ISO/IEC Directives, Part 2, and develdped in

ance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Suappl
le at www.iec.ch/members_experts/refdocs. The main document types develo
b described in greater detail at www.iec.ch/standardsdev/publications.

ement,
bed by

A list jof all parts in the IEC 61280 series, published under the gepéral title Fibré optic
commynication subsystem test procedures, can be found on the IEC website.

The cdmmittee has decided that the contents of this document will remain unchanged uptil the
stability date indicated on the IEC website under webstore.iet/ch in the data related|to the
specific document. At this date, the document will be

e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amepnded.

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 cofrect
understanding of its contents. Users should therefore print this document using a
colourn printer.
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FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 1-3: General communication subsystems — Measurement of central
wavelength, spectral width and additional spectral characteristics

ngth and spectral width properties of an opti
commuynication subsystem, an optical transmitter, or other light sources used in the ‘opgration
or test of communication subsystems. This document also provides definitions and
measufement procedures for side-mode suppression ratio and signal-to-source spontaneous
emissipn ratio.

The measurement is done for the purpose of system construction and/of maintenance] In the
case pf communication subsystem signals, the optical transmitter is typically | under
modulgtion.

NOTE Ppifferent properties can be appropriate to different spectraly‘types, such as continuous |spectra
charactgristics of light-emitting diodes (LEDs), as well as multilonditudinal-mode (MLM), multitransver$e-mode
(MTM) and single-longitudinal mode (SLM) spectra, which are characteristic of laser diodes (LDs).

2 Ngrmative references

The foJlowing documents are referred to in the text in such a way that some or all ¢f their
contenft constitutes requirements of this document. For dated references, only the fdition
cited .?’prlies. For undated references, the“atest edition of the referenced document (in¢luding
any anmpjendments) applies.

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

IEC 62/129-1, Calibration_of wavelength/optical frequency measurement instruments — Part 1:
Optical spectrum analyzers

IEC 62129-2, Calibration of wavelength/optical frequency measurement instruments — Part 2:
Michelson interferometer single wavelength meters

3 Tdrms;“definitions and abbreviated terms

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

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

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1  Wavelength

NOTE The following wavelength terms provide quantitative definitions for the description of the central
wavelength of a spectrum. In this document, "central wavelength" is a general category label for these terms.
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wavelength

mean of the closest spaced half-power wavelengths in an optical spectrum, one above and
one below the peak wavelength

Note 1 to entry: Centre wavelength is also called “half-power mid-point”.

3.1.2

half-power wavelength

A34B

wavelength corresponding to a half-peak power value of the optical spectrum

3.1.3

peak wavelength

“p

wavelength corresponding to the maximum power value of the optical spectrum

3.1.4

centroidal wavelength

A

C

mean ¢r average wavelength of an optical spectrum

3.2 Spectral width

3.21

RMS sppectral width

Airms

squarel root of the second moment of the power distribution about the centroidal wavele
3.2.2

n-dB-down spectral width

Aln 4B

positive difference of the clogest spaced wavelengths, one above and one below th

wavelgngth A, at which the “spectral power density determined in a specified res

bandw

3.2.3
full-wi

A’1fwhm
positiv

wavelj

dth is n dB down frem its peak value

dth at halfERmaximum

bandwldth'is 3 dB down from its peak value

b difféerence of the closest spaced wavelengths, one above and one below th
ngth )\p, at which the spectral power density determined in a specified res

hgth

b peak
olution

b peak
olution

3.3 Additional spectral characteristics

3.3.1

side-mode suppression ratio

SMSR

ratio of the largest peak of the optical spectrum to the second largest peak under non-
modulated (continuous wave) operating condition, which is determined
wavelength resolution bandwidth (RBW), for a nominally single-longitudinal mode (SLM)
spectrum

Note 1 to entry: See 8.8.

in a specified


https://iecnorm.com/api/?name=57a42391ea6070a5912935cca94230c7

-8 - IEC 61280-1-3:2021 © |IEC 2021

3.3.2

signal-to-source spontaneous emission ratio

SSER

ratio between the signal power and maximum source spontaneous emission (SSE) power
under the non-modulated (CW) condition which is determined in a specified bandwidth

3.4 Abbreviated terms

Cw continuous wave

DFB distributed feedback

ESD electrostatic discharge

INnGaA§P indium gallium arsenide phosphide

LD laser diode

LED light-emitting diode

MLM multi-longitudinal mode

MTM multi-transverse mode

OSA optical spectrum analyzer

OWM optical wavelength meter

RBW resolution bandwidth

RMS root-mean-square

SLM single-longitudinal mode

SMSR side-mode suppression ratio

SSE source spontaneous emission

SSER signal-to-source spontaneous€mission ratio

TLA tuneable laser assembly

VCSEL vertical cavity surface emitting lasers

WDM wavelength-division multiplexing

4 Apparatus

4.1 Calibrated opticalyspectrum analyzer (OSA)

This special-purpase. test equipment uses a dispersive spectrophotometric method to fesolve
and reg¢ord the optical spectral distribution. The required wavelength resolution bandwidth and
range [depend(on the type and variety of signals to be measured. Generally, LED spurces
have wide spettra with little structure, so a range of at least 200 nm and resolution bandwidth
of 1 nm er*rarrower are recommended. Laser sources have much narrower spectra ahd can
be used\vin _wavelength-division multiplexing (WDM) applications, where more agcurate

determination of the wavelength is required. A resolution bandwidth of 0,1 nm or narrower is
recommended, and the actual requirement is determined by the application. In any case, the
sensitivity and wavelength range of the spectrum analyzer shall be sufficient to measure all of
the spectrum within at least —20 dB from the peak power. For measurement of SMSR, a larger
dynamic range is typically required.

OSA equipment shall be calibrated for vacuum wavelengths in order to be consistent with the
calibration processes and results of |IEC 62129-1. The equipment used shall have a valid
calibration certificate, in accordance with the applicable quality system for the period over
which the testing is done.

4.2 Calibrated optical wavelength meter (OWM)

For central wavelength measurements of SLM lasers, such as distributed feedback (DFB)
lasers or tuneable laser assemblies (TLAs) for dense WDM applications, sufficient
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measurement accuracy is required. In this case, an optical wavelength meter based on
interferometric spectroscopy can be used. The accuracy of the central wavelength
measurement is generally specified for non-modulated (CW) lasers. When the SLM laser is
modulated, the uncertainty of the central wavelength measurement increases with the
increasing modulation frequency or symbol rate.

OWM equipment shall be calibrated in accordance with IEC 62129-2. The equipment used
shall have a valid calibration certificate, in accordance with the applicable quality system for
the period over which the testing is done.

4.3 Power supplies

As reqlired for the device under test.

4.4 nput signal source or modulator

The input signal source is a signal generator or modulator with the appropriate digital or
analogue signal of the system.

4.5 Fest cord

Unless| otherwise specified, the physical and optical properties{of the test cords shall[match
the cable plant with which the equipment is intended to opérate. The cords shall be |2 m to
5 m long and shall contain fibres with coatings which/remove cladding light. Apprppriate
connegtors shall be used. Single-mode cords shall bé“\deployed with two 90 mm diameter
loops pr otherwise assure rejection of cladding medes. If the equipment is intended for
multimpde operation and the intended cable plant is unknown, the fibre size shall be
50/124 pm.

5 Test sample

The tept sample shall be a specified_fibre optic subsystem, transmitter, or light source. The
systen] inputs and outputs shallsbe those normally seen by the user. The spectral width
parameters are typically used.for’ characterizing MLM and LED transmitters. The widiths of
MTM and SLM lasers without’ modulation are normally too narrow to measure wijth the
dispergive spectral instruments used with this method. Modulated SLM transmitter$ have
broadgned linewidths forhigh data rates (above about 2,5 Gb/s) caused by chirp that pan be
measufrable by this method.

Becauge of the /potential for hazardous radiation, conditions of laser safety sHall be
established and_maintained. Refer to IEC 60825-1.

6 Procedure (method A)

6.1 General

Method A is designed for the use of typical commercial optical spectrum analyzer instruments
that allow quick measurement of spectra with 1 000 wavelength samples or more and allow
for the analysis of such spectra based on all of the samples, rather than selecting for example
only the samples at the peaks of mode wavelengths. The previous method using a smaller
number of discrete wavelength points is included in Clause 7 as method B, for compatibility
with the first edition of this document. Method A has the advantage of easier, simpler
automated analysis and better representation of complex but narrow spectra, such as multi-
transverse-mode vertical cavity surface emitting lasers (VCSELs). Due to its convenience and
prevalence in the industry, method A is considered the reference test method.

For measurements of the central wavelength of SLM lasers, a commercial optical wavelength
meter can also be used. These instruments typically allow the user to specify whether the
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optical signal is a continuous wave (CW) signal or a modulated communication signal. An
appropriate mode should be selected according to the condition of the light signal under test.
In the case of modulated SLM lasers, the uncertainty of the central wavelength measurement
typically increases with increasing modulation frequency or symbol rate.

6.2 Setup

6.2.1 Use appropriate handling procedures to prevent damage from electrostatic discharge
(ESD), which can cause opto-electronic devices to fail.

6.2.2 With the exception of ambient temperature, standard ambient conditions shall be
used, unless otherwise specified. The ambient or reference point temperature shall be
23 °C £ 2 °C, unless otherwise specified.

6.2.3 Unless otherwise specified, apply a modulated input signal to the optical gource.
Allow sufficient time (according to the manufacturer’s recommendation or as specified in the
detail gpecification) for the optical source/transmitter to reach a steady-state temperatute.

6.2.4 Turn the optical spectrum measuring instruments, such as thel/OSA or the OWM, on
and allow the recommended warm-up and settling time to achievé)the rated measufement
performance level.

6.2.5 Connect the optical output of the optical source)Hunder test to the optical input
connegtor of the optical spectrum measuring instrument.}f the transmitter under test dges not
includg isolation from back-reflections, as often thescase at 850 nm, these reflectiopns can
cause [the spectrum to be unstable and should be .reduced with high return-loss conngctions
and possibly external isolation or attenuation at the fransmitter output.

6.3 Adjustment of spectrum analyzer controls

6.3.1 Using the resolution bandwidth\eontrol, select an appropriate resolution bandwidth
(see 4]1). Typically, less than 1/10 of the spectral width to be measured or the finest available
resolufion bandwidth (0,1 nm or narrewer) should be used. Set the number of data pgints in
the acquired signal to be sure(to adequately sample the detail of the optical spgctrum.
Typically, this is set to at least four times the sample resolution times the total mepsured
width. For example, a 10 nm measurement span using 0,1 nm resolution bandwidth reqires a
minimym of 400 points«in the measurement, which is given by four times thg¢ total
measufement span divided by the resolution bandwidth.

6.3.2 Using theuspan control, select an appropriate span of wavelength range pn the
display| sectionof*the spectrum analyzer. Initially, select a sufficiently wide span to determine
the appropriate position of the peak wavelength; then reduce and adjust the span again to fit
all of the source spectrum or at least all that is within at least 20 dB of the peak powgr. For
SLM lIasets, the span may need to be changed, typically from 2 nm to 20 nm full sgale, to
determine the spectral width and SMSR.

6.3.3 Using the gain or reference level control, select a gain or reference level so that the
amplitude of the peak output extends over the entire screen vertical scale.

6.3.4 If available, use the spectrum analyzer log-scale for amplitude measurement to
achieve the maximum dynamic range

6.3.5 For OSAs that are not capable of performing the subsequent calculations in Clause 8
internally, download the measured optical spectra data to a computer for further analysis in a
format that contains both the wavelength and amplitude of all points in the measurement.
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6.4 Setting of optical wavelength meter

6.4.1 The optical wavelength meter is implemented with a longitudinal mode detecting
function. The appropriate parameters should be set, such as threshold from the peak and
excursion from the peak.

6.4.2 Generally, the optical wavelength meter is also implemented with a light signal
condition setting function. The appropriate condition should be set, such as continuous wave
(CW) or modulated signal.

7 Procedure (method B)

7.1 Setup

711 Use appropriate handling procedures to prevent damage from electrostatic disgharge
(ESD),|which can cause opto-electronic devices to fail.

7.1.2 With the exception of ambient temperature, standard ambient/conditions shall be
used, |unless otherwise specified. The ambient or reference point temperature shall be
23 °C % 2 °C, unless otherwise specified.

7.1.3 Unless otherwise specified, apply a modulated input signal to the optical gource.
Allow sufficient time (according to the manufacturer’s reecommendation or as specified in the
detail gpecification) for the optical source/transmitter tocfeach a steady-state temperatute.

7.1.4 Turn the optical spectrum measuring instruments, such as the OSA or the OWM, on
and allow the recommended warm-up and settling time to achieve the rated measufement
performance level.

7.1.5 Connect the optical output of.the optical source under test to the optical input
connegtor of the optical spectrum measturing instrument. If the transmitter under test dges not
includg isolation from back-reflectiohs; as is often the case at 850 nm, these reflections can
cause [the spectrum to be unstable and should be reduced with high return-loss conng¢ctions
and pdssibly external isolationorattenuation at the transmitter output.

7.2 Adjustment of spectrum analyzer controls

7.21 Using the resolution bandwidth control, select an appropriate resolution bandwidth
(see 4]1).

7.2.2 Usingsthe span control, select an appropriate span of wavelength range pn the
display| section of the spectrum analyzer. Initially, select the maximum span to obtain the
appropriate’ position of the peak wavelength; then adjust the span again so that, Tat the
selected gain, the smallest detectable output power level occupies the exireme edges of the
screen horizontal scale. For SLM lasers, the span may need to be changed, typically from 2
nm to 20 nm full scale, to determine the spectral width and SMSR.

7.2.3 Using the gain or reference level control, select a gain or reference level so that the
amplitude of the peak output extends over the entire screen vertical scale. If available, use
the spectrum analyzer log-scale for amplitude measurement to achieve the maximum dynamic
range.

7.3  Setting of optical wavelength meter

7.31 The optical wavelength meter is implemented with a longitudinal mode detecting
function, and appropriate parameters should be set, such as threshold from the peak and
excursion from the peak.
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7.3.2 Generally, the optical wavelength meter is also implemented with a light signal
condition setting function, and the appropriate conditions should be set, such as continuous
wave (CW) or modulated signal.

7.4 Continuous LED and SLM spectra

7.41 Refer to Figure 1 and Figure 5 for samples of LED and SLM-LD spectrum analyzer
outputs. At the end of several single measurement sweeps, ensure that the output spectrum is
stable (power variation at any wavelength is < 10 % or ~0,5 dB between sweeps).

7.4.2 Determine the peak wavelength, /lp. (Most optical spectrum analyzers have a peak-

searchbuttonthatadtomaticatyperfermsthisfunetion

7.4.3 For LEDs, record the two half-power wavelengths on both sides -of)thg peak
waveldngth that are 3 dB down from the peak amplitude. Determine the number/of pqints to
record|(minimum 11), the wavelength 4;, and the amplitude p; for each point,i in’the displayed

spectrym as follows.

7.4.4 On both sides of the peak, find the wavelengths closest to the'peak, corresponding to
the tw@ points » dB down from the peak (see example in Figure 1); where #n is typically 20.

7.4.5 To find 11 equally spaced points, subtract these two wavelengths and divide the
result by 10. This gives the spacing between points.

7.4.6 Starting with the minimum wavelength as the<first point, add the wavelength spacing
to find[the next point. Continue until 11 points are.found (the 11t" point should corresgond to
the maximum wavelength from 7.4.4). Record the wavelengths in Table 2, column 2.

7.4.7 Find the output power (in dBm) carresponding to each wavelength point and|record
in Table 2, column 3.

7.4.8 | Convert the power in dBm. fo nanowatts (nW) using P(nW) = 10[0.1 7 (dBm) 16] gnd
record|in Table 2, column 4.

7.5 Discrete MLM spectra

7.51 At the end of a'single measurement sweep, measure and record the wavelength and
the amplitude, for Yall the modes displayed, in Table 2. The display at the end |of the
measufement sweep will determine the number of modes and the reference nominal
wavelangth for each mode. Refer to Figure 2 for a sample spectrum analyzer output.

7.5.2 Measure and record the wavelength and the amplitude for each mode displayed for

he—10-single sment-sweeps—nchud atleast »dB belc hé peak
mode, where n is typically 20 to 25. For each mode at nominal wavelengths measured and
recorded in 7.5.1, calculate the average of the 10 measured wavelengths and the
corresponding average of the 10 amplitude readings. Record these average values in Table 2.

7.5.3 Compare the readings of 7.5.1 and 7.5.2 for each mode. For any mode, if the
difference in wavelength readings is more than 0,2 nm, or the difference in amplitude readings
is more than 10 %, this indicates mode instability, and the calculations may not be accurate.

7.6 SLM spectra

7.6.1 Measure and record the power (M) at the peak wavelength and the power (i) of
the strongest side-mode under the non-modulated (CW) condition.
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7.6.2 Measure and record the two wavelengths on both sides of the peak wavelength that
are n dB down from the peak amplitude, where n is typically 20 or 30.

7.6.3 Measure and record the optical signal power (P4) and the maximum value (P,) of the
optical power level of source spontaneous emission (SSE) under non-modulated (CW)
operating condition. The SSE power level shall be determined over the entire wavelength
range where the laser (TLA) can oscillate, with the exclusion of typically £+1 nm around the
optical signal wavelength (see Figure 7). The resolution bandwidth of OSA is usually set to
0,1 nm. The actual resolution bandwidth (B,) should be calibrated.

8 Calculation

8.1 General

Many opptical spectrum analyzers calculate some or all the following parameiers intgrnally.
Note that for method A, there will be N points corresponding to all the_data points|taken.
Before| beginning calculations, it is recommended that any power datagpoints that ar¢ more
than 20 dB (or another chosen and documented range) below the maximum power readjng not
be useld in the calculations. This will especially prevent the user from,overestimating the RMS
spectral width. For method B, the total number of data points N will,be the number of regorded
mode Ieaks.

8.2 Centre wavelength
8.21 Continuous LED spectra

This id the average of the half-power wavelengths determined from the result of 6.3.5 for
method A or 7.4.3 for method B.

8.2.2 Discrete MLM spectra

This i the average of the half-power wavelengths that can be determined as follgws by
interpglation, since the laser may nlot have modes at these wavelengths.

Conneft the tip of each mode~to the tips of adjacent modes as shown in Figure 3; graw a
horizontal line 3 dB down_ from the peak power point. The two or more intersection pqints of
the hﬂ'rizontal line with"\the tip-connecting lines define the half-power wavelengths. The
averagde of the half-power wavelengths that are furthest separated is .

8.3 Centroidalrwavelength

Using the wavelengths and corresponding linear power (nW) in Table 2 for method B|or the
result $f6.3.5 for method A, calculate the centroidal wavelength as follows:

i

1 N
A=|=|>Pra 1
(%j; v

where

J; is the wavelength of the ith point;

P; is the power of the ith point;

4

N
Py is the total power summed for all points: R = ZR
i=1
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N is the number of points.

Refer to Table 1 for a calculation example.

8.4 Peak wavelength
8.4.1 Continuous LED and SLM spectra

Use the value measured in 7.4.2 for method B or the wavelength of the maximum power in the
spectrum of 6.3.5 for method A as the peak wavelength.

8.4.2 Discrete MLM spectra

The pgak wavelength can be obtained directly from the wavelength corresponding to
maximpm power in the spectrum from 6.3.5 for method A or from Table 2 (log orAdinear [scale),
representing the average of 10 readings, by reading the wavelength corresponding|to the
peak pgower level for method B. If the maximum power occurs in more than one mode, take
the ave¢rage of the wavelength of all modes with the maximum power. Use the average value
as the [peak wavelength.

8.5 MS spectral width (A4, ,s)

Using the wavelengths and corresponding linear power (nW), il the spectrum from 6.3.5 for
method A or from Table 2 (single or average values) for method B, calculate the RMS spectral
width gs:

N—=

_ii (4, — ) 2)
ms P i (4

i=

o

Refer fo Table 1 for a calculation example. Note that A/, does not apply to SLM sourges. As

mentioned at the beginning of-'Clause 8, a documented method for limiting the range| of the
data points should be used, sueh as a cutoff of 20 dB from the peak power.

8.6 h-dB-down spectral width (AL, 4B)

The difference in.wavelengths recorded in 7.5.2 for method B, or which are » dB belpw the
peak in the spgctrum from 6.3.5 from method A, is Al,_4g (see Figure 5). This A, 4g @pplies

to SLM lasers-but does not apply to MLM lasers or to LEDs.

n-dB-dpwn spectral width depends on the resolution bandwidth of the OSA, because the main
mode of SLM lasers, such as DFB-LDs and TLAs, is substantially narrower than the resolution
bandwidth of an OSA. Therefore, information on the resolution bandwidth of the OSA that was
used to measure the signal spectrum should be noted together with n-dB-down spectral width
test result.

8.7  Full-width at half-maximum spectral width (Adsynm)

8.7.1 Continuous LED spectra

The difference of the half-power wavelengths recorded in 7.4.3 from method B or determined
from the spectra of 6.3.5 for method A is Al¢ypm-
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Discrete MLM spectra

This is the difference of the half-power wavelengths that can be determined as follows by
interpolation, since the laser may not have modes at these wavelengths.

Connect the tip of each mode to the tips of adjacent modes, as shown in the examples of
Figure 3 and Figure 4, and draw a horizontal line 3 dB down from the peak power point. The
two or more intersection points between these lines define the half-power wavelengths. The
maximum difference in half-power wavelengths is Alsynm-

NOTE The procedure of 8.7.2 uses interpolation based on a segmented linear fit. In many cases, the spectrum
can also be well represented by a Gaussian fit. In this case, the FWHM spectral width can also be calculated on

the basi

8.8

From t
mode,
calculg
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power
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with di
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noted

8.9

From fhe optical signal power of a non-modulated (CW) SLM laser, P4, and the ma
power level, P,,.o0f the spontaneous emission as determined in 7.6.3 from method B,

optical
calculg

b of the RMS spectral width. For a Gaussian distribution, Algynm =2,355% Al -

Bide-mode suppression ratio (SMSR)

he power of the highest signal peak of an SLM, M,, and the power of\the higheg
M5, as determined in 7.6.1 from method B or from the spectrum 0f6)3.5 from mg
te the side-mode suppression ratio (Rgyg in dB) as:

M
Rgms =101l0g1g [M_1J
2

ly, the side modes of non-modulated (CW) SIM lasers, such as DFB-LDs and
a linewidth that is substantially narrower, than the resolution bandwidth of an
er, due to the influence of spontaneous light emission and narrow mode spaci
of the highest side mode, M,, depends(en the resolution bandwidth of the OSA

hen the spectra are measured. Therefore, the side-mode suppression ratios me
fferent resolution bandwidths can.differ significantly (see Figure 6). Information
ion bandwidth of the OSA, which-was used to measure the signal spectrum, shq
ogether with SMSR test results:

Bignal-to-source spontaneous emission ratio (SSER)

te the signalstorsource spontaneous emission ratio (Rggg in dB/nm) as:

1

t side-
thod A,

®)

TLAs,
OSA.
ng, the
that is
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RSMS:_10|0910[ [{r]

9 Test results

9.1 Required information

The required information shall include:

a) date, title of test, and procedures used;

b) identification of the fibre optic transmitter (terminal device) or the optical source to be
tested, together with applicable data;

c) reference point temperature;

d) res

ults of the examination.
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Information to be available on request

Information to be available on request is as follows:

a)
b)
c)
d)
e)
)
9)

h)
i)

test equipment used and latest date of calibration;

names of test personnel;

measurement uncertainty due to measurement inaccuracy and display resolution;

data rate and input signal characteristics, including modulation depth and pulse shape;

supply voltage(s) and/or current(s);

bias circuit configuration for discrete optical source;

opt
sta

rec

set

cal output measurement conditions, including details of fibre test cords, pigt
hdard coupling means, where applicable;

pmmended warm-up time for temperature stabilization;
ing resolution bandwidth of OSA for SMSR test.

10 ExXamples of results

The ot
edge-gmitting LED is shown in Figure 1. Columns 1 to 3 in{Fable 1 show the 11
selectq
logaritihmic to linear units. The products shown in columns 5 and 6, and the summations
shown

spectral width, A4, according to 8.3 and 8.5, respéctively. The bottom two rows sh
calculg

tput power spectrum (in dBm) of a single-mode fibre coupled, high power, In
d from the spectrum according to 7.4. Column 4 shows the power converte

in the row labeled "SUM", are used to calculate the'centroidal wavelength /., an

ted centroidal wavelength and RMS spectral width for this LED.

1y
ol // \\
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Figure 1 — Example of a LED optical spectrum
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Table 1 — Measurement points for LED spectrum from Figure 1

i Wavelength 2; Power (log) Power (linear) P, P, 2, P, (4; - ,1‘:)2
nm dBm nW
1 1226 -44 40 49 040 256 000
2 1243 -39 126 156 618 500 094
3 1260 -33 501 631 260 1060 116
4 1277 -28 1585 2 024 045 1332985
5 1294 -24 3981 5151 414 573 264
¢ =31t =2% 398+ 521909 9 525
1328 -27 1995 2 649 360 965 580
1345 -31 794 1 067 930 1207 674
e 1362 -35 316 430 392 990 976
1 1379 -39 126 173754 671 454
1 1396 -44 40 55 840 324 000
SUM - - 13 485 17 608 744 7 981 668
A 1306 - -
Adrs 24 - _
Table 2 — RMS spectral characterization
i Wavelength 2, Power (log) Power (linear) P, P, 2, P, (4; 1 ,10)2
nm dBm nW
4
¢
1
1
SUM - -
Ag — — — —
A — — — —

SLM spectra.

NOTE The entries to Table 2 are the average wavelength and power readings for each point i, where i
corresponds to the mode number for discrete MLM spectra and to the wavelength point for continuous LED and
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Figure 3 — Adsynhm SPectral width measurement for MLM laser
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