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Why?
o

Most fibre optic measurement involve power
detection

Sources, wavelength meters, OSAs, OTDRs,
fibre length, attenuation,

Linearity, spectral dependence, absolute,-
responsivity
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Calibration

Standardisation document- IEC 61315:
calibration of fibre-optic power meters

Finding the relationship between an
Instrument and values realized by standards
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Calibration reporting
S

Instrument to be calibrated
Calibration condition
Method

Results

Uncertainty

Traceabillity

Equipment

What about problems?
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CMC- calibration & Measurement Capability

CMC is often interpreted as BCMC (B=Dbest) or

uncertainty of the working standard
Laser or LED sources at typically 0,1 mW

Examples of CMC for absolute power level calibration at 0,1 mW

range BCMC % CMC (SP) %
850+30nm [£0,9 + 2,0

1300 £ 20 nm | £ 0,7 +1,0

1550 £ 20 nm |+ 0,7 + 0,9

1625 + 20 nm |+ 0’7 ’I5resentation at VIE
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Traceability up to 200 mW
.

Fibre Optical Power traceability to SP national sta  ndard

Working standard| Uncertainty (%) | Power Wavelenght range
wW (nm)

Cryogenic 0,01 0,1m Vis No fibre involved
Trap detectors 0,05 0,1m Vis No fibre involved
Pyroelectric 0,3-2 0,1m Vis - to 1800 nm Fibre connector
Si/Ge/lngaAs 1-2 1n-05m | 300-1650 nm Fibre connector
Thermopile 2-3 2-200m 300 - 1800 nm Fibre connector
Object 0,5-X 1n-200m | 300 -1800 nm Fibre connector

Traceability ; property of a calibration/measurement whereby it can be
related to stated references (usually national) through an unbroken chain

of comparisons all having stated uncertainties _
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Method

]
Fibre connected or open beam

Repeatablility- by substitution, change from reference
to object

Results

Absolute responsivity in reading/W (correction
factor, CF)

Spectral responsivity
Linear responsivity

Responsivity is a value that the reading shall be
divided by
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Total power measurements
-

The set up for measurement of total output pow&f@SELs with a sphere
For the measurement of total power, no lens oefdystem is used.
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Uncertainty budget
-

Calibration of the reference standard ( at 0,3 mW) 0,3
Linearity of the electrical subst. Rad. meter (@8 mwW) 0,5
Linearity of germanium working standard 0,2
Repeatability in FC/PC-kontact 0,1
Reading of reference instrument (low P) 0,1
Reading, reference instrument (high P) 0,2
Geometrical difference between ref. and obj 0,4
Temperature dependence in set-up 0,05
Reflections in the systems (high P) 0,15
Polarisation dep. 0,1
Wavelength of source corresponding to reference 0,14
Aging of reference standard 0,1
Temperature dependence in reference standard 0,2
Spectral correction 0,1




Equipment dependencies

Detectors
Fibre — fully excited rec. length 2 m
Connector type — low reflectivity

Type of source - wavelength, bandwidth,
coherence
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Solid state detectors
o

Si
Ge
INGaAsS

Pyroeletric subst.
radiometer

Thermopile
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Other problems

Fabry-Perot type
Interference-

Spectral
bandwidth-
dependence

Polarisation
dependence-
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Uncertainty
.

Standard quadratic addition
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Uncertainty budget

Wavel. Power Uncertainty
nm mw % % mw

Germanium low power working standard k=1 k=2 k=2
Combined

uncertainty: 1 0,44 0,87 0,009

1535-1555

Electrical substitutional radiometer
Combined uncertainty: 1535-1555 8 0,49 0,98 0,078
Thermopile high power working standard
Combined uncertainty: 1535-1555 200 1,32 2,64 5,3




High Fibre Optic Powers
S

Safety
Calibration
Generation

Comparison
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High Power Fibre Optic Calibration
S

Generation of fibre optic power 2-200 mW

High power scale traceable from low power
scale

Absolute high power difficult to repeat with
substitution method - sensitivity increases

Linearity check up to 200 mW power
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Generation of fibre optic power 2-200
mwW

EDFA Ericsson model PGE 608 22/06 giving max
out-put of 22 dBm operating at wavelengths
between 1530 nm and 1570 nm. Three pump lasers
(2 *980 nm and 1*1480 nm) and operates in a
constant-output-power alternatively constant-gain.
The optical input and output ends of the EDFA are
equipped with optical isolators. Best SNR approx. 35
dB with input source at 0,1 — 0,8 mW.

Monitor out (5 %) at the output end of the EDFA
used
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Generation of High Fibre Optic Power
]
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Linearity
S

Linearity of Laser Star head 3A-P-CAL at poners
ranging from12 mA/to 199 m\W/
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High Power Fibre Optic Calibration
S

Detector types

*Thermopile

Sphere with semiconductor
detector

Filter in front of detector

SP 602355 3A-P-CAL *THERMOPILE reading/W
mw linearity responsivity Uncertainty  stddev
0,5 0,962 0,983 0,012 0,004
1 0,993 1,015 0,012 0,003
2 0,999 1,021 0,015 0,002
4 1 1,022 0,015 0,003
8 1,003 1,025 0,016 0,007
13 1,010 1,032 0,029 0,007
25 1,008 1,030 0,029 0,007
50 1,008 1,030 0,029 0,013
100 1,003 1,025 0,029 0,013
200 1,007 1,029 0,029 0,013
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Nordtest project HPFOC
Projekt nummer 1634-03

IST-2001-34850

HPFO Nordic Comparison 2003
o

-Traceable fibre optic power up to 200 mW
was realised and a compared

-Main problem was stability of power.
-Using low coherent source improved
stability.

-Additional fibres, branching devises etc.
Introduced instabilities.

-Use clean fibre ends

-Precautions to high power

-The EDFA sets the power limit.
-Recommended recalibration every 12
month

Deviation from

avrerage (%)

_g

Oct - 2003. Nordtest project 1634-03.Comparison
of HUT, DFM and SP FOP scales @ 5 mW up to
200 mW fibre optic power. 4 detectors at

wavelength 1550 nm
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Conclusions (at 1550 nm)
-

Fibre optic power calibration realized up to
200 mW

Uncertinty at high powers >8 mW <3 %
Uncertainty at P < 1 mW just below 1 %
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Thank you for listening!
G

Why would you calibrate?
What would you calibrate?
How often do you need to calibrate?
What about history of your detector?
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