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EMPIR

European Metrology Programme for Innovation and Research
(EMPIR). EMPIR

- Is the main programme for European research on metrology

- coordinates research projects to address grand challenges,
supports and develops the Sl system of measurement units.

* * % /-\
EMPIR H =<

The EMPIR initiative is co-funded by the European Union's Horizon 2020
22n research and innovation programme and the EMPIR Participating States
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Project PhotIND

Examples of needs:

Motivation = Industry Needs AOnline measurements in optical
fibre manufacturing
AModern photc_)nlc components AMeasurements in high power laser
cannot be reliably measured applications

using classical techniques

v Need for new methods AMetrology of optical interconnects

ACalibration of high resolution

AMeasuring instruments often optical time-domain reflectometers

uncalibrated and provide AMore accurate optical power
iInsufficient accuracy measurements

Y-Need for improved metrology

22/11/2016



(())Photind

PhotIND

Metrology for the photonics industry - optical fibres,
waveguides and applications

Coordinator: Antti Lassila (VTT MIKES)

Project Partners: NMIs, Companies, Universities

Aalto, CMI, 10-CSIC, METAS, VTT MIKES, Metrosert, NPL,
Arden Photonics, JCMwave, Menlo Systems, nLIGHT, Oplatek,
Seagate Systems, Toptica Photonics, Tartu Ulikool,
Westfaelische Wilhelms-Universitaet Muenster, Fraunhofer,
University of Eastern Finland

Duration: 8/2015-7/2019
Budget: 1.9 MU, direct cost. 225 person months
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Project Objectives 1

ATo develop traceable online and offline metrology techniques for
characterisation of advanced optical fibres and photonic components:
A online measurements for thickness and concentricity of fibre layers
A dispersion and optical parameter measurements in high power applications

ATo develop metrology for improved traceability of fibre optic measuring
Instruments:
A traceable measuring system for encircled angular flux

A methods for calibration of the attenuation scale and the distance scale of
multimode optical time domain reflectometers (OTDR).

A a novel portable absolute standard detector based on carbon nanotubes at
cryogenic temperatures
ATo develop metrology for terahertz transmission links i dynamic range,
iInsertion loss, SNR, bit error ratio (BER) for various modulation formats,
free spectral range and bandwidth
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Project Objectives 2

ATo establish the metrology tools

Afor performance characterisation of polymer waveguides mounted on
electronic circuit backplanes used in high-speed data links for parameters of
attenuation, isolation and BER.

Afor developing fibre-to-fibre connectors at high average powers for
transmission and the heating of the components

ATo engage with the European photonics industry and photonics equipment
manufacturers

Atake up of the technology and measurement techniques developed by the
project, and to recommend what further actions are required to ensure uptake.
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Work Packages

Development of measurements for Development of metrology for

]Ertl)aracterlzatlon of advanced optical photonic interconnects

Iores . ' G  Fibre-to-fibre coupling in high power
Dimensional characterization applications

Dispersion of advanced optical fibres Advanced fibre-to-chip coupling
High power optical characterization ~ ~ Optical waveguides

Supported by simulations < waveguide-based photonic devices
% THz interconnects

WP3 Development of fibre optic meas. Measurement comparisons of the
instruments and artefacts methods

Angular Encircled Flux measurements RN Dimensional

Optical time domain reflectometers with 3 \ Dispersion

high spatial resolution Fibre-to-chip coupling
Novel fibre coupled power detector \Q ) OTDRs
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O n characterization of advanced optical fibres

Online dimensional characterization Fibrema””facw””%: e
of optical fibres in manufacturing

The goal of this work is to develop an on-line system {

for fibre geometry measurement. hickness
u measurement
- Fibre/coating concentricity with 1 um uncertainty Bl coaingeuw
- Fibre and coating diameters with 0.5 um uncertainty Thickness and
B concentricity
measurements
Measurement method: N ! || Tensioncoma
\\\_// and spooling
- Transverse illumination with a laser beam eladding oatnate
- Analysis of the scattered light angular intensity ; .

. Coating diameter: PP N
profile Fonti St po L) [ A

Progress: symmetrically, (e ) | \_
] . _ o ) Sensitivity: 0.2-0.4°/um el \ Vi

- Modelling with finite element and Fourier modal N
simulations Wnation direction /-"’-*e iV “‘m“fu

- Laboratory measurements and comparison e e B
with simulations Coating eccentricity: . — .

Features shift £ o
- Modelling of thickness and concentricity effects asymmetrically. L L) <

22/11/2016 Sensitivity: 0.7-1.3%pm Ny — . &
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O m characterization of advanced optical fibres

Dispersionof advanced optical fibres

Novel non-destructive methods for dispersion and group velocities

measurements in optical fibres. -
A Method 1: Time stamping of pulses .

y

10kH
using White Rabbit technique with a —— 1’2-1’“"“[ f
tuneable pulsed light source. crrowToR | e ) ) 3| oeresion [ meser
Accuracy ~55 ps rms.
»| PC |«

A Method 2: Modify a SEA TADPOLE-type spatial-spectral interferometer to measure
spectral phase/dispersion curve in octave spanning range ca 450-1000 nm. 3 fs
temporal and 3 € mspatial resolution.
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O n characterization of advanced optical fibres

Highpower opticalproperties characterisation

Claddindight

Low index coating

Cladding / pump core

Signal core

\/ Signal light

Develop guidelines on measurement © by Fraunhofer IOF
procedures for high power fibre optics (kW-level)

A Measurement procedure to compare the transmission loss of double-clad
fibres at high power

A Measurement procedure for the longitudinal temperature distribution of
active fibres during high power operation using OBR

A Method for measurement light in the cladding.
A Cladding modes hard to identify due to spatial overlap with
core light and low NA content

A Standard methods either complex & costly (like adding
cladding light strippers) or not precise (measuring far
field with camera, goniometer).

A New method developed based on local intensity
measurement and extrapolation
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WO ﬂ interconnects

High power photonic interconnects & waveguides

A Evaluate methods for fibre interconnects to high power
operation

A Develop and test advanced fibre-to-chip coupling solutions
A Metrology for waveguides

Tasks:
A Evaluation of different kind of fibre connector; FC/PC,
FC/APC, Mini-AVIM, spliced fibre connections
A loss, temperature, refractive index along splice connection,
A vary splice parameters, simulate via beam propagation method
A Evaluation of cladding strippers
A New fibre to chip couplers
A Broadband 3D coupler w lithography
A 3D printed fibre to chip couplers

A Develop metrology for waveguide-based photonic devices:
birefringence, thermal dependence, fabrication limitations
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