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Outline

* Introduction
» Fiber applications, materials and designs
» Connector materials, performances and types

» Sources of measurement errors when using optical fibers, and
optical connectors, and how to reduce the errors

* Measurement error reduction by measurement setup and test
environment arrangement

e Summarize
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Introduction

 Fiber optical calibrations involve the use of optical fibers.

» Optical fibers generally enable stable transmission of signals when
the fiber is in place.

* However, when an optical fiber is used in optical measurements the
measured value and thus the overall accuracy is affected by

» The handling of the fiber
» The condition of the fiber

 The condition of the fiber connections

* In this talk some of the most important sources of error when using
optical fibers in optical measurements is discussed, and guidelines
on how to reduce and minimize these errors are provided.
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Transmitting signals through an optical fiber is

widely used
Application Operational Wavelength range
examples distance
Telecommunication | 0 — 500 km 0.6 pum< <1.7pum
Surgery, Welding O-5m e.g.. =10.6 um
Sensors and test 0 — 500 km various

equipment for
various applications
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Plastic Polymer 04pum< < 1um 150 dB/km @ 650 nm
Glass Silica 0.24um< < 2um 0.15 dB/km @ 1.55 pm
Fluoride 0.25um< < 4pum 80dB/km @ 2.5um
Chalcogenide 4um< < 11 pum 100 dB/km @ 2.5 pm
Hollow silica 09um< < 25pum 400 dB/km @ 10.6 pm
Crystal Polycrystalline 3um< < 16 um 500 dB/km @ 10.6 pm
Single-crystal 0.5um< <3.1pum 400 dB/km @ 2.94 pm

5 SAAB METECH A/S




Multimode fiber design

6 SAAB METECH A/S

Step index profile

Graded index profile improving
the bandwidth

High Power Capacity

Low input coupling loss (large
Numerical Aperture)

Typical (silica) multimode fiber
dimensions: 50/125 pm, 62.5/125
um, 200/230 pm

Standards: IEC 60793-2-xx, ITU
G-651
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Step index profile

Low loss

High bandwidth

No modal dispersion

Standards: IEC 60793-2-50, ITU
G-652, SMF-28

Example: Silica fiber type 9/125

Cut-off wavelength: ~ 1.2 um

Mode field diameter 9-10.5 pym
(wavelength dependent)

Fiber dimensions: core: @ 8.3
um cladding: @ 125 pm




Most common materials used for
connector ferrule and adaptor sleeve
Ceramic: Zirconia
Metal: Phosphor-bronze

Characteristics of both:
Hardness, elasticity and toughness

In picture:
FC/PC connector & adaptor
SC connector in the background
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Connector ferrule specifications

Insertion loss Return loss
Endface Endface (typical) (typical)
geometry type Singlemode Multimode Open | Connected

Perpendicilar | PC Physical 0.06-0.25dB (0.2-1.0dB | 14dB 45 dB
(0°) Contact

UPC | Ultra Physical 0.06-0.25dB [ 0.2-1.0dB | 14dB 50 dB
Contact

Angled APC | Angled Physical | 0.06 -0.25dB [ 0.2-1.0dB | 70dB 80 dB
(typ. 8°) Contact
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Various types of fiber optical connectors

Ferrule Connector Type Standard
diameter

@ 2.5 mm FC/PC IEC 61754-13, TIA 604-4-A
SC IEC 61754-4, TIA 604-16
LSA IEC 61754-3, DIN 47256
LSH (E-2000™) IEC 61754-15, TIA 604-16
ST IEC 61754-2, TIA 604-2

@ 1.25 mm LC IEC 61754-20, TIA 604-10-A
LX.5 IEC 61754-23, TIA 604-13

@ 3.2 mm F-SMA IEC 61754-22

@ 2.4 mm SMI (Plastic fiber) IEC 61754-21
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Sources of measurement
error when using optical
fibers
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* Modal noise (MM fibers)

* Time dependent alter of the
speckle pattern of the fiber far-
field output

e Can be reduced by:
» Using a spatial homogenous detector

 Including the entire beam cross
section on the detector




Sources of measurement

error when using optical « Mode coupling

fiberS e Coupling between the guided modes
and the radiation modes

* Leaky modes

» Leaky modes traveling in the cladding

» Can be reduced by using:
» A launch fiber of the same fiber type

» Fibers designed with a cladding mode
stripping coating

* A cladding mode stripper:

* E.g.: Mandrel wrap the fiber input end by
5turns on a @ 20 mm rod

12 SAAB METECH A/S



Sources of measurement
error when using optical

fibers
e Micro bending Loss » Can be reduced by
» Loss due to microscopic bends in the * Minimize stressing the fiber
fiber (r <2 mm) caused by: « E.g.: Use loose tie wraps and clamps
 Irregularities during fiber manufacturing - Use loosely coiled fiber drums
i ManipUIation Of the fibel’ during Cable ° Keep Stable temperature When using
manUfaCturing fiber drums

» Installation operations and equipment
(tie wraps, clamps)

* Environmental stresses (pressure, hits,
temperature dependent expansion)

* Microbend has a strong impact on the
loss versus wavelength
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Sources of measurement
error when using optical
fibers

Wavelength: 1500 nm

Ref: Qian Wang et. al. Optics Express Vol. 13. No 12; 13 June 2005
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Sources of measurement
error when using optical
fibers

* Polarization Mode Distortion

 PMD is caused by the difference in
the propagation velocities of light in
the orthogonal principal polarization » Using short fiber lengths
states of the fiber

» Can be reduced by

» Avoid coiling the fiber
* Is critical when polarization sensitive
equipment is used influencing the

Polarization Dependent Loss (PDL)

 |s critical at high bit rate ( 10 Gb/s)
with long fiber lengths « Using not angled connectors

* Minimize moving the fiber during
measurement

» Using polarization maintaining fibers
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Sources of measurement
error when using optical
filber connectors

* Intrinsic loss, fiber imperfections
* Numerical Aperture (NA) mismatch

 Core Mismatch: Different fiber core
diameter, shape or area

» Core - cladding concentricity error

» Can be reduced by using
» Fibers of same standard
» Fibers from same manufacturer
« Master cables

» Pair selection/mating (described in
IEC 61300-3-34)
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Sources of measurement
error when using optical
filber connectors

 Extrinsic connector loss —
connector/adaptor design

» Longitudinal separation (End Gap)
» Lateral offset (Coaxiality)

* Angular misalignment

* End-face flatness, parallelism error
 Dirt and finish
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Sources of measurement
error when using optical
filber connectors
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Extrinsic loss can be reduced by

Selecting connector with best design
Careful use (no force)

Frequently cleaning/inspection using:
» Connector Microscope

» Lens paper / tape cleaner

* Isopropyl alcohol

» Cotton cleaning buds for adaptors

Using protective caps
End-face polishing (rare operation)
Adaptor inspection/replacement

Using master cables and adaptors for
critical measurements

Logging the use of cables/adaptors
» Replacement after e.g. 1000 matings

Keeping stable temperature (due to
extension coefficients)



Measurement error
reduction by

measurement setup

 Use a launch fiber between source
and test setup

» Avoid bending the cables in radius
less than 30 mm (or specified by
cable manufacturer)

* Minimize moving the fibers during
measurements by
* Mounting test equipment in rack

» Positioning the DUT close to the
reference equipment

» Fixed fiber routing
* Mounting reference fibers in boxes
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Measurement error
reduction by test
environment arrangement

« Change in temperature can be
minimized by:

» Climate controlled room (Calibration
Laboratories)

» Insolating test setup in a local space
(e.g. an insolated box).

» Local stabilizing the temperature

* E.g.: A heavy optical table is reducing
the local temperature variation

» Local heating or cooling to a stable
temperature
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Error reduction summarize
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Reduce measurement errors by:

Keeping stable temperature
Stripping fiber for cladding modes
Including full beam on the detector
Avoid stressing the fiber

Avoid overbending the fiber

Minimize moving the fiber during
measurement (fixed fiber routing)

Avoid coiling the fiber when
measuring with polarization
dependent equipment

Using the best connectors

Good connector handling and
maintenance

Replacing worked out connectors and
adaptors



