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optical characteristics of optical circuit boards
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FOREWORD
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International Standard IEC 62496-2 has been prepared by IEC technical committee 86: Fibre
optics.

The text of this document is based on the following documents:

CbhV Report on voting
86/509/CDV 86/515/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62496 series, published under the general title Optical circuit
boards — Basic test and measurement procedures, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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

e reco

nfirmed,

e withdrawn

o repl
e ame
A biling

ced by a revised edition, or
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hal version of this publication may be issued at a later date.
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INTRODUCTION

Bandwidth densities in modern data communication systems are driven by interconnect
speeds and scalable input/output (I1/0) and will continue to increase over the coming years,
thereby severely impacting cost and performance in future data communication systems,
bringing increased demands in terms of signal integrity and power consumption.

The projected increase in capacity, processing power and bandwidth density in future
information communication systems will need to be addressed by the migration of embedded
optical interconnects into system enclosures. In particular, this would necessitate the
deployment of optical circuit board technologies on some or all key system cards, such as the
backplane, motherboard and peripheral circuit boards.

Many varieties of optical circuit board technology exist today, which differ stronglyfrgm each
other in| terms of their intrinsic waveguide technology. As shown in Figure 1, these yarieties
include,| but are not limited to: a) fibre-optic laminate, b) polymer waveguides and c)) planar
glass waveguides. Annex A provides a detailed overview of the state of theCart of such optical
interconnect technologies.

IEC IEC IEC

Fibre-optic laminate b) Polymer waveguides c) Planar glass wavegpides

D
-~

Figure 1 — Optical circuit board varieties

One important prerequisite to the commercial adoption of optical circuit boards is afreliable
test and measurement definition system that is agnostic to the type of waveguide|system
under tgst and, therefore, €an be applied to different optical circuit board technologieq as well
as being adaptable to future variants. A serious and common problem with the meastirement
of optigal waveguide “systems has been lack of proper definition of the measprement
conditions for a given test regime, and consequently strong inconsistencies ensug¢ in the
results |of measutements by different parties on the same test sample. To date, no
methodoplogy has’been established to ensure that test and measurement conditions for such
optical waveguide systems are properly identified.

This document specifies a method of capiuring sufficient information about the measurement
conditions for a given optical circuit board to ensure consistency of measurement results
within an acceptable margin.

Given the substantial variety in properties and requirements for different optical circuit board
types, some test environments and conditions are more appropriate than others for a given
optical circuit board. It is, therefore, crucial that this measurement identification standard
encompass a comprehensive range of test and measurement scenarios for all known types of
optical circuit boards and their waveguide systems, while also being sufficiently adaptable and
extendable to accommodate future waveguide technologies. In addition, a degree of
customisation is possible to account for arbitrary test parameters.


https://iecnorm.com/api/?name=5e6f451875778c19bdf1905a9347e4bd

IEC 624

96-2:2017 © IEC 2017 -7-

OPTICAL CIRCUIT BOARDS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 2: General guidance for definition of measurement conditions for

optical characteristics of optical circuit boards
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e look-up tables to identify different critical aspects of the measurement)envir

n itself, captures sufficient information about the measurement corditions, §
consistency of independently measured results within any acceptable

dently measured results.

mative references

pwing documents are referred to in the text im)sdch a way that some or all
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nended measurement conditions are specified to minimise, further varigtion in

of their
edition

plies. For undated references, the latest edition of the referenced document (ipcluding
any amendments) applies.

00-1, Fibre optic interconnecting devices and passive components — Basic test and
bment procedures — Part 1: General and guidance

00-3-53, Fibre optic intercennecting devices and passive components — Bgsic test
asurement procedures, =~ Part 3-53: Examinations and measurements — Hncircled
flux (EAF) measurement method based on two-dimensional far field data from step
uitimode waveguidet(including fibre)

14, Fibre optics — Launch condition requirements for measuring muiltimode
ion

96-2-1:2011, Optical circuit boards — Part 2-1: Measurements — Optical attenuation

3 Ter

ms and definitions

For the purposes of this document, the terms and definitions given in IEC 62496-2-1 and the
following apply.

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

address

e |EC
e |[SO

es!

Electropedia: available at http://www.electropedia.org/
Online browsing platform: available at http://www.iso.org/obp
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3.1

optical channel measurement identification code

MIC

numerical code used to capture sufficient information about the measurement conditions on a
waveguide under test in an optical circuit board, such as to ensure independent repeatability
of the measurement and consistency of measured results on an identical sample

3.2
optical channel under test
optical circuit board channel subjected to test and measurement regime

3.3
parabolic profile parameter
paramefer which describes the refractive index profile of waveguide according to the'\fpllowing
equation

1247
n(r) = nq41- A(;] r<a

n4/1-24 r>a

where
g is the parabolic profile parameter;

a is the core radius;

r is the radial distance from core centre;
nq is the refractive index at r = 0;

4 is given by the relation 4= (n12 —nzz)/2n12, where n4 again is the refractive index at » = 0,
i.e. at the axis, and n, is the refractive’index at the outer edge of the core, i.e. atr F a

3.4
launch conduit
structure or mechanism which“guides light from the measurement test source to the input
facet ofthe optical channel under test

Note 1 tolentry: Examples'include optical fibres, optical waveguides or optical trains.

3.5
capturing conduit
structurge or,mechanism which guides light from the output facet of the optical chann¢l under
test to 4 measurement device

3.6

top input axis of channel under test

axis defined by the tester within the plane of the input facet used as a reference, against
which the polarisation axis of the launch conduit can be defined

3.7

top output axis of channel under test

axis defined by the tester within the plane of the output facet used as a reference, against
which the polarisation axis of the capturing conduit can be defined

3.8

polarisation maintaining optical fibre

single-mode optical fibre in which linearly polarized light, if properly launched into the fibre,
maintains a linear polarisation during propagation, exiting the fibre in a specific linear
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polarisation state with little or no cross-coupling of optical power between the two polarisation
modes

Note 1 to entry: Such fibre is used in special applications where preserving polarisation is essential and is
characterised by a fast axis and a slow axis.

3.9

refractive index matching material

compliant or fixed material with a refractive index equal to the refractive index of the core of
the channel under test at the measurement wavelength and measurement conditions, which,
unless otherwise stated, is the standard atmospheric conditions as according to IEC 61300-1

3.10
refractive index damping material
compliapt or fixed material with a refractive index within 0,05 of the refractive~indek of the
core of the channel under test at the measurement wavelength and measurement conditions,
which, pnless otherwise stated, is the standard atmospheric conditions ‘as® according to
IEC 61300-1

4 Measurement definition system for optical circuit boards

4.1 General

A reliable test and measurement definition system for<optical interconnect is a| crucial
prerequjsite for future commercial adoption of optical circuit board technology.

Independent repeatability of waveguide measurements is still very difficult to achieve due to
the lack|of clarity on how measurement conditions’are specified.

Therefofe, such a definition system- @hall capture sufficient information abgut the
measur¢ment conditions to ensure that'the results of measurement on an identical test
sample py independent parties will becgonsistent within an acceptable margin of error.

Given the large number of mgasurement parameter permutations possible, the amount of
information required to describe sufficiently the measurement conditions is prohibitive. It
would be impractical for«testers to provide a full textual description for each |type of
measurement, especially_in situations where optical circuit boards are subjected to g variety
of different measurement regimes, for instance, as part of a comprehensive quality aspurance
regime In a commereial optical circuit board foundry.

IEC 62496-2-4-provides details on various types of measurements that can be carried out on
optical ¢ircuit boards.

4.2 Measurement definition system requirements
4.2.1 Accuracy

The measurement definition system shall capture sufficient information to ensure variability in
independently measured results within an acceptable margin.

4.2.2 Accountability

The measurement definition system shall force testers to be accountable to provide sufficient
information about the measurement conditions. The system shall therefore comprise a
formalised framework to capture the required amount of information about the measurement
conditions.
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4.2.3 Efficiency
The measurement definition system shall allow the entirety of the measurement condition

information to be abbreviated into an optical channel measurement identification code (MIC)
such that it can be contained within no more than one line of text.

4.2.4 Convenience

The measurement identification code should be easy to construct and deconstruct using the
references look-up tables in this document.

4.2.5 Independent

The mepsurement definition system shall be independent of the type of optical CiI'CLJit board
under tgst in order to accommodate different varieties of optical interconnect. Tocthis e€nd, the
type of pptical channel under test will not be included in the information to be_specified; it will
be treated as a "black box" bounded by the input facet and output facet of thelLoptical channel
under tgst.

4.2.6 Scalable

The measurement definition system shall be scalable to accommodate new measpurement
conditions appropriate to existing or as yet unknown optical interconnect types. To this end,
the system will have placeholders to allow easy addition of/new information in future.

4.2.7 Customised requirements

Where [the parameters of a measurement condition are not explicitly provided| in the
corresppnding look-up tables, the MIC shall:\be” extendable to accommodate useridefined
paramefers.

4.2.8 Prioritised structure

The megasurement definition system:shall give preference to measurement configuratipns that
are
e accgssible, favouring thé.use of available and affordable equipment,

e viable, favouring measurements which can be easily carried out by most organisations
withput the requirement for specialised or restricted equipment or expertise, and

e usefll, favouring'measurement of optical channel characteristics, which are most gommon
and frelevant toits deployment and operation, for example insertion loss.

4.3 Measurement definition criteria

4.3.1 General

The measurement definition system shall provide information on the following five critical
aspects of the measurement environment:

e source characteristics (4.3.2);

e launch conditions (4.3.3);

e input coupling conditions (4.3.4);

e output coupling conditions (4.3.5);

e capturing conditions (4.3.6).
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4.3.2 Source characteristics
4.3.2.1 General

Typical sources for common measurements on optical circuit board channels include LEDs,
laser diodes and white light sources, while less common sources include amplified
spontaneous emission devices. In order to accommodate a comprehensive range of available
source types and characteristics, the measurement identification system will define most
sources in terms of permutations of key properties including wavelength and spectral width.
Source optical power or modal profile need not be specified as only the optical power, and
modal profile at the launch facet need be specified as part of the launch conditions. Table 1 in
IEC 62496-2-1:2011 provides a list of recommended source characteristics.

4.3.2.2 Modulated sources

According to this document, the source amplitude and phase is considered cuh-mogulated.
Optical | modulation is a large and complex area with many possible (permutafions of
modulation type, duty cycle and data characteristics. Modulation schemesyinclude dtandard
on-off kpying (OOK) and multi-level modulation schemes such as phaseramplitude modulation
(PAM), lin-phase and quaternary (IQ) modulation schemes such as.'quadrature phgse shift
keying (QPSK), multi-level quadrature amplitude modulation (nQAM);’ multi-pulse mogdulation
schemep, and discrete multi-tone (DMT). Data characteristics would include pseudo|random
binary sequence (PRBS) data with various correlation lengthsy as*well as test data assgociated
with regl data transmission protocols. Modulation will not bé included in the measurement
definition system described in this document. In the_é&vent of a modulated sougce, the
modulation characteristics shall be stated explicitly.

4.3.2.3 Wavelength division multiplexed sources

According to this document, the source is considered to be centred on a single wayelength
with varlying spectral widths, or white, whichis consistent with the use of common commercial
sources| including laser diodes, LEDs oramplified spontaneous emission devices. It|may be
desirable to characterise the performance of the channel under test with wavelength |division
multiplexed (WDM) light in which ;multiple wavelengths are superposed onto the| launch
conduit|in accordance with various WDM schemes. For example, the coarse wayelength
division|multiplexing (CWDM) scheme allows on the order of ten signals to be encoded onto
separatg¢ wavelengths. The_dense wavelength division multiplexing (DWDM) schemg¢ allows
on the forder of hundreds.of signals to be encoded onto separate, more closely |spaced,
wavelerigths.

WDM spurces are) not included in this document, as the possible permutations wpuld be
prohibitively caomplex. In the event of a wavelength division multiplexed source, the
wavelerjgth division multiplexing characteristics shall be explicitly stated. Preferably, if
convenignt,\_éach wavelength-encoded channel can be uniquely specified us|ng the
measur¢ment identification system outlined in this document.

4.3.3 Launch conditions
4.3.3.1 General

Launch conditions have the greatest effect on variability of measurement results on optical
circuit board channels. It is, therefore, crucial that these be sufficiently defined.

Launch conditions shall include the following information that determines how light propagates
through the optical channel under test and, therefore, determines the independent
reproducibility of the measurement:

a) launch facet size and shape, which is typically defined by the core of the launch conduit —
for a standard fibre, it would be sufficient to specify the fibre type;

b) total optical power amplitude at the launch facet;
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c) spatial (near-field) and angular (far-field) optical power distribution of light at the launch
facet. The launch conditions for multimode fibres should preferably comply with encircled
flux (EF) requirements defined in IEC 61300-1 or encircled angular flux (EAF)
requirements defined in IEC 61300-3-53. Such launch conditions can be reliably achieved
by deploying appropriate mode filtering equipment around or in-line with the launch
conduit. The launch conditions for single-mode fibres should comply with IEC 61300-1.

4.3.3.2 Recommended launch conditions

Table 1 defines key recommended launch profiles, including underfilled profiles, various mode
filtered multimode profiles and overfilled profiles, as well as recommendations on how to
reproduce some of these modal profiles.

Table 1 — Recommended modal launch profiles

Designation Modal distribution at launch Recommended measurement setup to achieve modal
facet distribution

Single-mode launch

UF Preferably, optical isolator between'source and OS1 launch
fibre
L1 Underfilled launch complies with
single-mode launch 2 m long OS1 single-mode fibre.(SMF) provides a single-mode
requirements in IEC 61300-1. launch profile.

Multimogde launch

The source is passéd'into a 5 m graded index multimodle fibre
(GI-MMF), which is*'wrapped 20 times around a 38 mm |diameter
mandrel. The.putput of the mandrel is then passed thrqugh a

EF/EMD mode controller/filter producing a mode filtered optical fntensity
L2 2 Complies with EF requirements profile, which complies with EF requirement of IEC 61280-4-1.
in IEC 61300-1. This is_then used as the input to a 5 m GI-MMF, which |is
wrapped 20 times around a 38 mm diameter mandrel t
produce a mode-stripped optical intensity profile at the|GI-MMF
launch facet.
EF 5 m graded index multimode fibre (GI-MMF) is passed fhrough
L33 ] ] ) a mode controller/filter producing a mode filtered optical
Complies with EF requireménts | intensity profile at the GI-MMF launch facet, which conjplies
in IEC 61300-1. with EF requirement of IEC 61280-4-1.
5 m 50 ym graded index OM3 multimode fibre (GI-MMHK) is
L4 2 EMD wrapped 20 times around a 38 mm diameter mandrel t

produce a mode-stripped optical intensity profile at the| GI-MMF

Equilibrium modal distribution
launch facet.

OF 5 m 105 pm step index multimode fibre (SI-MMF) is wrapped 20
L5a) Oveffifted distribution — uniform times around a 3_8 mm di_ame_ter ma_ndrel t_o create a mode-
néarifield optical intensity scrambled, overfilled optical intensity profile at the SI-MMF
distribution launch facet.

VOF/EAF

5 m 200um core step-index fibre (SI-MMF) is passed through a
mode controller producing a mode filtered optical intensity

At P R R TRPRT R
VETY OVETITTEeu urstrmoutioTT

a
L6 Complies with EAF profile at the launch facet, which complies with the EAF
requirements in IEC 61300-3- requirement of IEC 61300-3-53.
53.

a) Bend insensitive fibre is not recommended for MM or SM test leads.

4.3.3.3 Recommended single-mode fibre launch measurement setup

The recommended measurement setup for single-mode fibre launch conditions is shown in
Figure 2. A single-mode optical source should be connected with a single-mode optical fibre,
first through a single-mode optical isolator to shield the source from unwanted back-
reflections occurring at different interfaces further on down the test link, especially the
interface between the launch facet and the input facet of the channel under test. The output
from the optical isolator should then be connected through a variable single-mode optical
attenuator. This will allow the tester to adjust the optical power at the launch facet to match
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the required optical power as defined in the measurement identification code. This can
alternatively be achieved by using a power tuneable source.

_______________________________________________________________________________________________

-n

4.3.3.4

A singl

multimode optical fibre, first through a single-mode or multimodéeloptical isolator to sh
rom unwanted back-reflections occurring at different-interfaces further on in [the test

source
link, es

under t¢st. If the source is a coherent source, it will b& important to use a speckle
averagg out the effects of speckle at the launch facet. One device can
rmechanical shaker applied after the source butbefore the variable optical attenfuator. If

ch a device, it is important that the fibre_be completely mechanically decoupled from
b optical
hfigured

electro
using s
the launch facet, so the device should be applied-between the source and the variablg
attenuator. The photodetector used to measure‘the received light would need to be co

Single-mode Variable optical
optical isolator attenuator

Recommended multimode fibre launch measurement setup

gure 2 —- Recommended test setup for single-mode fibre launch conditions

b-mode or multimode optical source should be connected with a single-mode or
ield the

becially the interface between the launch facet andthe input facet of the [channel
filter to
be an

to record average values over an appropriate time period, rather than immediate valdes. The
output from the optical isolator should then be connected with single-mode or multimdde fibre

to the ihput of a variable single-mode) or multimode optical attenuator. This will a
tester t¢ adjust the optical power at-the launch facet to match the required optical p

defined

power t
with myltimode fibre to the.input of a modal conditioning or filtering system, the o
which will be connected with multimode fibre to the launch facet. The purpose of th

in the measurement identification code. Alternatively, this can be achieved by

low the
bwer as
using a
ineable source. Then thée output of the variable optical attenuator will be connected
utput of
e modal

conditioning or filtering ;system is to ensure that the modal profile of the launch ffacet is
defined
setup.

according totL2, L3, L4, L5 or L6 in Table 1. Figure 3 shows the recommenged test

L2 is the preferred launch condition, in which a modal profile is generated, which domplies

with the| restricted launch EF requirements of IEC 61300-1, and this in turn is injecte
GI-MMHA_fibte mandrel to produce a normalised output

d into a

i BBB

I

i Speckle filter . .

i single-mode/multimode Variable optical Modal

i optical isolator attenuator conditioner

i —' | \—l | |

i SM/MM SM/MM MM fibre MM fibre

L fibre fibre !

Figure 3 —- Recommended test setup for multimode fibre launch conditions
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4.3.4 Input coupling conditions
4.3.4.1 General

Input coupling conditions provide information on how the launch conduit is connected to the
input facet of the optical channel under test, for example through butt-coupling or imaging
through a lens system, and whether or not the input facet is treated with refractive index
matching or damping materials to mitigate scattering losses.

4.3.4.2 Compliant and fixed refractive index matching material or refractive index
damping material

It is common practi
and/or putput facet of the channel under test in order to mitigate Fresnel reflectjon and
scattering effects caused by the roughness of the input and/or output facet surfage. The
refractiye index material can be in the form of a liquid or gel, which will provide~a compliant
buffer, and is best suited to measurement whereby the launch facet is butt<Coupled [n direct
contact [or within a few microns of the input facet, such that the liquid or(gél completely fills
the gap|between the launch facet and the input facet of the channel under test. The use of
liquid o1l gel would not be suitable in the case of a free space projection, of light onto the input
facet of[the channel under test (such as imaging of the output of ;a fibre facet onto the input
facet of the channel under test using a lens assembly), as/the surface tension of the
compliapt material would cause it to form a boundary of unpredictable geometry argund the
input facet of the channel under test. The alternative to using a compliant refractiye index
matching material or refractive index damping materialis to use a fixed refractive index
matching or damping material with a defined flat surfaces/ such as a thin film. This is useful
when thee input facet of the channel under test has high*roughness, but a free space launch is
used.

4.3.4.3 Polarisation dependent input coupling conditions

One important possible measurement parameter for single-mode launch conditions is|the fast
or slow |polarisation axis of the launch-facet relative to the channel under test. For example,
this woyld be required to characterise-the polarisation dependent loss or the birefringence of
the chaphnel under test. For this_parpose, a top axis of the input channel under test ghall be
defined|by the first tester or test sample creator and clearly marked on the sample copntaining
the onefor more channels under test or otherwise described in accompanying literaturg.

polarisation maintaining“optical fibre as defined in IEC TR 62349. The optical power ¢xiting a
polarisation maintaining optical fibre will be divided between the fast axis and the orthogonal
slow ax|s. The ratio of optical power contained in the fast axis to the optical power cqntained
in the sjow axis.depends on a number of conditions, including how the power was lgunched
into fibre.

In meaEurements requiring a defined polarisation, the single-mode fibre could be a

In the event that a polarisation maintaining optical fibre or other speciality fibre is used in
which the optical power contained in the two orthogonal polarisation axes of the launch facet
is a required measurement parameter, the measurement will be defined using two instances
of the measurement identification system outlined in this document. In this way, a single
measurement will be treated as two separate measurements, each defining one of the
polarisations on its own.

Figure 4 shows that the top axis of the channel under test and the chosen polarisation axis of
the launch facet of a polarisation maintaining optical fibre will form a relative angle c3 in units
of degrees. This angle will be defined as part of the measurement identification system
outlined in this document.
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NOTE 1
NOTE 2

NOTE 3
polarisati

4.3.5

Output

! Top axis of input channel under test
| This shall be marked on the test sample

o006 soeoess

IEC
4 a) Cross-sectional front view of the input facet of the channel under test
‘\_ Polarisation axis of launch facet
o IEC
4 b) Cross-sectional back view of launch conduit

‘-\ c3 |

S

\ 1
IEC

4 c) Cross-sectional front view of channel under test with launch facet aligned over it

In Figure 4 a), the top input axis is shown.
In Figure 4 b), the chosen polarisation axis of the launch\facet is included.

In Figure 4 c), the top axis of the channel undep,test forms an angle c¢3 in degrees with tHe chosen
n axis of the launch facet.

Figure 4 — Cross-sectional views of channel under test at input

Output coupling conditions

coupling conditions provide”information on how the light is coupled out of the output

facet off the optical channel under test to the capturing conduit, for example through butt-

coupling or imaging throughva lens system, and whether or not the output facet is trea
refractie index matchingor damping materials to mitigate scattering losses.

One im

ed with

bortant possibleé measurement parameter for single-mode capturing conditions is the

polarisation axisiof-the capturing facet relative to the top axis of the output facel of the

channel| under\test. For this purpose, a top axis of the output channel under test

defined

the one
measureé

shall be
by the first tester or test sample creator and clearly marked on the sample coptaining
ot/more channels under test or otherW|se descrlbed in accompanying litergture. In

----- i be—a—pelarisation

malntalnlng optlcal flbre as defined in IEC TR 62349 Flgure 5 shows that the top axis of the
output facet of the channel under test and the chosen polarisation axis of the capturing facet

of a pol

arisation maintaining optical fibre will form a relative angle d3 in units of degrees. This

angle will be defined as part of the measurement identification system outlined in this
document. As viewed facing the output facet of the channel under test, moving anticlockwise
from the top axis, the angle increases positively for the entire revolution.
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Top axis of output channel under test
This shall be marked on the test sample

o 0008 aoees

IEC
5 a) Cross-sectional front view of the output facet of the channel under test
\'\_ Polarisation axis of capturing facet
C;) IEC
5 b) Cross-sectional back view of the capturing conduit
" d3 !
: )
([ 4
a0 6 e [_]Dﬂij J
~
IEC

5 c) Cross-sectional front view of the output facet of channel under test
with the capturing facet aligned over it

NOTE 1 |In Figure 5 a), the top output axis of channel under test is_shown.
NOTE 2 |In Figure 5 b), the chosen polarisation axis of the capturing facet is included.

NOTE 3 |[In Figure 5 c), the top axis of the output channel(under test forms an angle d3 in degrees with the chosen
polarisatipn axis of the capturing facet.

Figure 5 — Cross-sectional views of the channel under test at output

4.3.6 Capturing conditions

The capturing conditions include’ information on the capturing conduit used to extract the
optical signal from the optical channel under test and basic information on the megasuring
element, such as a photedetector or CCD camera. However, it shall be noted that, all other
conditions being equal; \the response of the measurement equipment itself will vgry from
device fo device, soit is’a requirement of this document that the measurement equipment be
specifiefd explicitly-as*well.

4.4 Launchiand capturing position

The podition of the launch facet relative to the input facet of the channel under test|and the
position of the capturing facet relative to the output facet of the channel under test are critical
parameters. In waveguide measurements, the standard procedure is to adjust the launch and
capturing axes around the input and output facets of a channel under test respectively to
achieve the maximum transmittance or minimum insertion loss. The respective positions of
launch and capturing axes relative to the input and output facets of the channel under test
required to achieve maximum transmittance depend strongly on the geometry of the channel
under test and rarely coincide with the exact centre of the input and output facets. Indeed, it
would be prohibitively difficult for testers to identify the exact centre of the input and output
facets and align the centres of their launch and capturing facets to them.

The most viable and repeatable measurement is, therefore, the maximum transmittance
achievable on a given channel under test. This assumes competences of the testers to adjust
properly their launch and capturing devices to identify this, but this is the most reproducible
approach. This will be referred to as the fundamental measurement.
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4.5 Launch and capture direction

The input facet of the optical channel under test is defined as the area through which the light
needs to be injected in order to be best conveyed into the optical channel under test. The
output facet of the optical channel under test is defined as the area through which light exits
the optical channel under test.

In most optical waveguide channels, the input and output facets of the channel under test are
orthogonal to the axis of the channel under test, as shown in Figure 6. If the input facet of the
channel under test is orthogonal to the axis of the channel under test, the axis of the launch
conduit shall be collinear with the axis of the channel under test when carrying out the
fundamental measurement. If the output facet of the channel under test is orthogonal to the

axis of t

e-channelundertest—then-the-axs—of-thecapturingconduit-shall-be-colinearwith the
} AaHH-e+—HHae—t e RRe—adS—0o++H SRS RettH—SsHa+B H+H3-8-aHW

axis of the channel under test when carrying out the fundamental measurement.
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Figure 6 — Measurement setup with collinear launch and capture direction

optical waveguide channels, a deflection elemént ‘or structure that deflects

ting along the main waveguide axis by 90° caf be incorporated. In such ca
d/or output facets of the channel under test'can be parallel to the axis of the
st, as shown in Figure 7.

but facet of the channel under test isvparallel to the axis of the channel under
the launch conduit shall be orthegonal to the axis of the channel under te
out the fundamental measurement of minimum insertion loss. If the output
hnel under test is orthogonal\to the axis of the channel under test, the axi
g conduit shall be orthogonat to the axis of the channel under test when carr
amental measurement ofminimum insertion loss.
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Figure 7 — Measurement setup with orthogonal launch and capture direction

b\
There mpay be other cases in which the a@&)f the launch conduit and the capturing|conduit

are not phormal to the input and outputf For example, Figure 8 shows a waveguide with a
surface|grating coupling structure op sed to deflect light out of the waveguide at an|[oblique
angle, although the input facet and ut facet are parallel to the waveguide axis.
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Figure 8 — Measurement setup with oblique launch and capture direction
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It is understood in this document that the launch conduit and capturing conduit will be
oriented as required relative to the input and output facets of the optical channel under test to
allow the fundamental measurement. Therefore, there is no restriction on the direction of the
launch and capturing conduit relative to the input facet and output facet of the channel under
test.

5 Measurement identification code

5.1 General

The measurement definition system requires the use a measurement identification code (MIC)
to speci Vi Quffir‘ipn’rly the measurement conditions for the aptical channel under test (Figure 9)_

MIC AA(at, a2) — BBB(b1,b2, b3, b4) — CCC(ct, c2, c3) - DDD(d1, d2, d3) - EEE(e1, ed, e3, ed)

IEC

NOTE 1 |Mandatory parameters are in bold text.

NOTE 2 |Customisation parameters are in italics,

Figure 9 — Measurement identification code construction

5.2 Measurement identification code construction
5.21 General

The MIC is comprised of five three-digit numerical coordinates that represent the five critical
areas of the measdrement environment, as described above. Each coordinate is also followed
by a sef of customisation parameters in parentheses relating to that coordinate.

5.2.2 AAA - Source characteristics

Coordinate AAA contains the information about the source used to stimulate the optical
channel. The coordinate value is obtained from the first reference look-up table (Table 2).

5.2.3 BBB(b1) — Launch conditions

Coordinate BBB contains information about the conduit used between the light from the
source and the input point of the optical channel under test. The coordinate value is obtained
from the second reference look-up table (Table 3). The BBB coordinate shall be followed by
the value of the total average optical power as measured at the launch facet expressed in
units of microwatts. This is mandatory.
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5.2.4 CCC - Input coupling conditions

Coordinate CCC contains information about how light is coupled from the launch conduit to
the input point of the optical channel under test. The coordinate value is obtained from the
third reference look-up table (Table 4).

5.2.5 DDD - Output coupling conditions

Coordinate DDD contains information about how light is coupled out of the output facet of the
optical channel under test to the capturing conduit or element. The coordinate value is
obtained from the fourth reference look-up table (Table 5).

5.2.6 [EEE=—F€apturingconditions

Coordinpte EEE contains information about the capturing conduit (if any) between the¢ output
facet and the optical measurement device. The coordinate value is obtained from the fifth
referenge look-up table (Table 6).

The nurnerical value of each coordinate will be extracted from the cenresponding coprdinate
referenge tables in the following subclauses.

5.3 Extended measurement identification code with customisation parameters
5.3.1 General

The MIC can be extended, if necessary, to accommodate specific customisation parameters
for user|definable measurement characteristics.

In this g¢ase, the customisation parameters are.included in brackets immediately aftgr the 3-
digit cogrdinate value to which it applies. The customisation parameters are defined for each
coordinate reference table.

The full[MIC with all customisation parameters is defined as follows:

MIC AAA(a1, a2) — BBB(b1, b2, b3, b4) — CCC(c1, c2, c3) — DDD(d1, d2, d3) — EEE|(e1, e2,
e3, e4)

For certpin coordinate values, customisation parameters shall be specified.

Custom|sation adds complexity to the measurement definition system, potentially increases
measur¢ment_neertainty, and should be avoided.

The BBB'customisation parameter b1, however, shall always be specified.

Preferably, the measurement conditions chosen in most cases will be from a small set of
common test setups and will not require customisation.

5.3.2 Customisation parameters with placeholders

In most cases, for a given coordinate value (e.g. CCC), only some of all possible
customisation parameters will be required, with others not applicable. If any customisation
parameters are specified for a given coordinate value, inapplicable customisation parameters
should have an "X" value in the corresponding position to serve as a placeholder. The only
exception is b1, which is a mandatory parameter, so if there are no values required for b2, b3
or b4, only the b1 parameter need be shown after the BBB coordinate value.

For example: MIC AAA(X, a2) — BBB(b1) — CCC(c1, c2, X) — DDD(d1,d2,d3) — EEE(e1, X, e3)
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54 Reference measurements

Reference measurements (or back-to-back measurements) are measurements taken with the
DUT removed to provide a comparative reference required for various quantities such as
insertion loss.

In order for a reference measurement to be valid, the same MIC shall be applied to the
reference measurement as is applied to the corresponding measurement on the DUT (see
Figure 10), with one exception: for reference measurements, the input and output facet
treatment associated with the CCC and DDD coordinates respectively will be ignored.

MIC AARtT T Z2y = BBB(bt 0203 v2— CCC(tH T2, T3 = DDD(ot o2 o8y —— EEE(e1, &4, €3, e4)

IEC
Figure 10 — Reference measurements with the same MIC

5.5 Coordinate table AAA — Source characteristics
5.5.1 Mandatory parameters

There afe no mandatory parameters.

5.5.2 Customisation parameters
The follpwing customisation\parameters are defined for Table 2:

o a1l —centre wavelength (1) of source in units of nanometres

e a2 —full width half maximum of source spectral width (64) in units of nanometres
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5.6 Coordinate table BBB — Launch conditions

5.6.1 Mandatory parameter

The following mandatory parameter shall always be included after the BBB coordinate:
e (b1) — optical power as measured at launch facet in units of microwatts

For example, a coordinate of AAA-BBB(500)-CCC-DDD-EEE would indicate that the optical
power measured at the launch facet is 500 yW.

5.6.2 Customisation parameters

The follpwing customisation parameters are defined for Table 3:

e (b2)|- diameter of fibre core in units of micrometres
e (b3)|— numerical aperture of fibre

e (b4)|- parabolic profile parameter of the fibre core
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5.7 Coordinate table CCC - Input coupling conditions
5.71 Mandatory parameters

There are no mandatory parameters.

5.7.2 Customisation parameters
The following customisation parameters are defined for Table 4:

e (c1) — refractive index of index matching material (gel, oil or film) applied to input facet

e (c2) — axial distance between launch conduit output facet and input facet

e (c3)|- angle between polarisation plane and top input axis of channel under test
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5.8 Coordinate table DDD — Output coupling conditions
5.8.1 Mandatory parameters

There are no mandatory parameters.

5.8.2 Customisation parameters
The following customisation parameters are defined for Table 5:

e (d1) — refractive index of index matching material (gel, oil or film) applied to output facet

e (d2) — axial distance between output facet and capturing conduit input facet

e (d3)|- angle between polarisation plane and top input axis of channel under test
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5.9 Coordinate table EEE — Capturing conditions
5.9.1 Mandatory parameters

There are no mandatory parameters.

5.9.2 Customisation parameters
The following customisation parameters are defined for Table 6:

e (e1) — diameter of fibre core in units of micrometres

e2) — numerical aperture of fibre

e3)|- parabolic profile parameter of the fibre core

(
(
(
(

e4)|— diameter of spatial filter
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