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Agenda

* What is MFD?
* Why is the fibre MFD important?

e Effects of an MFD mismatch:
* As seen by a fibre splicer
* As seen by an OTDR test engineer
* Real issue or just perceived problem?

Lucid




MFD —what is it?

* Mode Field Diameter (MFD) is a measure of the space
occupied by light within a single-mode fibre

* size of the spot of light travelling in a fibre
* MFD is dependent on the wavelength of the light

* for a given standard fibre it is also dependent on the
fibre NA & core diameter
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MFD definition

* width of a normal distribution?

\--- FWHM=d,,

Radial coordinate (r)
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A visual representation courtesy of Commscope
Author: Chris Gemme 2018

Mode Field Diameter

Lorgest percentoge of light
pulse is in the core. ;.

Some is distributed in
the This wider
distribution is known o3
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Typical MFD at 1550 nm

* Corning SMF-28 Ultra =10.4 pum 0.5 um
* OFS AllWave One Fiber =10.4 um + 0.5 um
* Corning LEAF =9.6 um 0.4 um
* OFS TrueWave REACH =8.6 um 0.4 um
* Corning ClearCurve LBL=9.6 um * 0.5 um
* OFS AllWave FLEX Max =9.2 um to 10.4 um
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MFD mismatch splicing issue

Fiber Angle

k| 00000

A spl/ce W/th qu1te d/fferent single-mode fibre types Optical Services Ltd.
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Splicing dissimilar fibres

* is routinely done

* modern splicing machines can identify
fibre types then -

* use appropriate splice parameters

* ensure splicing machine has latest
firmware version
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OTDR -test outcome?

* apparent gain
e apparent loss

* true splice loss = average
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Real Issue?

* Yes, but to what extent?
* MFD mismatch results in excess loss

* Expected excess loss calculated using equations developed
by D Marcuse (1977)

* Effectively an overlap function (convolution) of the two
mode field profiles (diameters)

* Fusion splicing merges fibres at the splice point
* Excess loss is minimised

Lucid




MFD mismatch issues are not new

* Has been understood by some in the industry for many years

* In 2002 Lightwave magazine published an article: Impact of MFD
mismatch on OTDR splice loss measurements Sept. 1, 2002

* Authors: Gabor Kiss of Telcordia Technologies & Christopher Littlejohn
of SAIC-Maripro

* Used an equation developed by Felix Kapron & colleagues at ITT to
estimate the true loss from an MFD mismatch
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MFD mismatch table from Lightwave article 2002
based on equation from Felix Kapron 1986

Detail of apparent and real loss
MFD, = 8.8-micron non-0S fiber  MFD, = 7-micron DS fiber

MFD Apparenl Backscaller Real Agpparenl  Backscaller Real
(microfs)  loss  comiribution  loss  loss  conmiribution  loss

83 0239 0254 00148 02634 0.738 0.1253
8.4 4.1926 -0.202 00094 09132 0.7896 0.1435
BS 1454 -01506 00052 1.0083 0.8406 0.1626
86 D.0975 -00998 00023 10736 0.8909 0.1826
87 0.0491 -00496 00006  1.1442 09405 0.2035

88 0 0 0 1215 0.9695 0.2253
89 0,049 0.0491 00006 1285 1,038 0.2479
9 00998 0.0976 00022 1357 1.086 0.2713
0.1 0.1505 0.1456 00040 1429 1133 0.2953
9.2 02016 0193 0.0086 1.5 1.18 0.3202
a3 02532 0.2399 00132 1572 1.226 0.3456
0.4 03052 0.2864 00188 1643 1.2n 03718
95 03577 0.3323 00254 1715 1316 0.3585

96 04105 0.3777 00328 1787 1.361 04259
a7 0.4637 0.4226 00411 1858 1404 0.4533

08 05172 0467 0052 1.9 1448 0482 L C'
DS - Desparsion-sbitad: MFD - Mods Sald dlametar u I
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MFD mismatch importance?

* Problem often more perceived than real

* Can be real if splicing problems arise

* Real if the client objects to “MFD mismatch”
* Problematic if OTDR testing is unidirectional

* Aim to minimise “transition splices” in a link
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New mathematical model for splice loss

T
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Pages 3 & 4... and so on.
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MFD mismatch
excess loss —
Lucid/Global

Marine model
versus measured
data

# Calculated mizmatch loss

& Measured hidirectional loz=

Yokl
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Lucid/Global Marines Spllce Loss Model
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IE>! OTDR Screen Main Panel ¥5 blue.vi

Show Fibre Data? 1-Way OTDR Splice Loss Analyser

[ orF §
Fibre A OTDR Test Direction

Fibre B

LEAF = .  OTDR Ato B True Wave SRS Ocean Fiber + .

Edit Fibre List?

Schematic of OTDR Trace

OTDR Result
Theoretical Result

Theoretical Splice = 'Gainer"

Good Splice

-0.61 -0.55 -0.50 -0.45 -0.40
OTDR Measurement
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Enter Actual OTDR
Splice Loss (dB)
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Theoretical OTDR
Indicated Loss (dB)

-0.30-0.28
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