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Abstract —The results of design of state primary
and working standards for fibre-optical systems parameters -
average power, attenuation, fibre length, wavelength,
chromatic and polarization mode dispersion, and also
calibration chains for units transferring are described.
Principles, contents and parameters of approved standards
and calibration chains for units transferring traceability are
considered.
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1. INTRODUCTION

Development of fibre-optic systems for information
transmission (FOTS) especially with CWDM and DWDM
technologies necessitates verifying and calibration of
testing equipment applied.

The area under discussion falls under state oversight,
according to Russian Federation laws. This necessitates the
providing of certification, including tests for the purposes
of type conformance for the instruments, both domestic
and imported, entering them in the State Registry of
Measurement Instruments of the Russian Federation, and
subsequent realization of initial and periodic verification
and calibration [1].

To solve the issues of measurements unity in this field
the state standards, working standards, traceability chains
and reference calibration and measurement methods should
be developed.

In this report the results of design of standards and
regulatory documentation developed for today by VNIIOFI-
leading research centre and Russian National Metrological
Institute in the field of optical measurements are described.

2. STATE PRIMARY SPECIAL STANDARDS

For the mentioned purpose the following reference
standards have been developed:

2.1. State primary special standard of units of average
power and attenuation of optical radiation in FOTS,
signal propagation time, optical fibre length and the
wavelength for FOTS.

The instruments included in the standard are based on the
following principles:

-for optical radiation average power and attenuation
units- on wusing calorimeter with electrical/optical
substitution and precise measurement of special power
meter linearity;

-for fiber length and signal propagation time units - on
using precise measurements of signal delay time with
electrical/optical conversion;

-for wavelength unit —on using a set of Fiso interferometers
and He-Ne laser wavelength as initial wavelength.

The set of instruments for average power unit reproduction
and transferring is shown in figure 1.

Fig.1 Instruments for average power unit reproduction

Basic parameters of the standard are presented in table 1.
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A specific feature of the standard is that of creating a complete
system for metrological support of measurements not for
individual physical quantity, but for the entire domain of
application of FOTS and the use of the corresponding
multiparameter passive and active components [1].

2.2. State primary special standards of units of
polarization-mode (PMD) and chromatic dispersion (CD)
in optical fibre

The primary standard for polarization mode dispersion
unit in optical fiber includes the primary PMD measuring
tools designed to establish the time interval between two
orthogonally polarized modes of radiation that passed
through the medium possessing PMD, and a complete set of
PMD artifact. The primary PMD measuring tools are based
on the interferometer and Stokes evaluation methods [2] and
are additionally equipped with a supporting measurement
channel with a stabilized wavelength single-frequency
source of radiation.

Wide PMD range measurements with appropriate
uncertainties of large PMD values (1+120) ps and high
measurement speed are the advantages of the interferometer
(TINTY) method. The Stocks evaluation method allows
precise measurements of small PMD values
(0, 05+1) ps and provides information about the second
order PMD. Single-mode-fiber-pigtailed quartz plates and
sets of quartz plates have been assembled as standard
reference materials for the mode coupled PMD and non
mode coupled PMD. The spool of single-mode fiber is used
as a comparator for mode coupled PMD applied for all types
of PMD analyzers calibration.

The set of instruments for PMD unit reproduction and
transferring is shown in figure 2.

Fig. 2 Instruments for PMD unit reproduction

The parameters of the standard are presented in table 2.

Table 2 Basic PMD primary Standard parameters

Working Expanded uncertainty
Range of values, ps
wavelengths, nm (k=2), ps
0,05+120 1310, 1550 0,005+0,3

The CD standard is based on the reference phase-shift
method. The parameters of the standard are presented in
table 3. The primary standard for chromatic dispersion (CD)
unit includes the primary CD measurement setup designed
to establish the phase difference between optical signals
with different wavelengths passed through the CD medium,
and a set of CD standard reference artifacts. The modified
phase-shift method with optical signal is used. Temperature-
controlled reels with different types (G.652, G.653, G.655)
of single-mode fiber are used as a CD reference artifact. The
parameters of the standard are presented in table 3.

Table 3 Basic CD primary Standard parameters

Range of values, Working Expanded uncertainty
ps/nm wavelengths, nm (k=2), ps/nm
-400 ++400 1260 + 1650 0,66

The set of instruments for CD unit reproduction and
transferring is shown in figure 3.

Fig. 3 Instruments for CD unit reproduction

The described primary standards are the tops of
corresponding calibration chains that have been developed
to provide instruments calibration and verification. Each



calibration chain for mentioned units consists of three steps:
primary standard - working standard — working instrument.

WORKING STANDARDS

Calibration processes are carried out by means of
following working standards with parameters preliminary
defined by primary standards:

- Working standard of average optical radiation power
and attenuation units for FOTS for calibration of power
meters, attenuators, optical testers, etc. This standard is based
on photoelectric and calorimetric detectors and includes the
apparatus to measure photodetectors spectral responsivity.

The working standard view is shown in figure 4.

Fig. 4 Working standard for power meters calibration

- Working standard of distributed attenuation, length and
transmission time units for calibration of optical
reflectometers-OTDRs. This standard is based on active
method of OTDR length and attenuation scales calibration. It
includes special optoelectronic generator which direct several
optical pulses with known time delay and amplitude
differences to the OTDR input. It allows estimating both
OTDR scales.

The working standard view is shown in figure 5.

Fig. 5 Working standard for OTDR calibration

- Working standard of wavelengths unit for FOTS of for
calibration of optical spectrum analyzers (OSA) is based on
the set of gas cells with several absorption lines.

The working standard view is shown in figure 5.

Fig. 5 Working standard for OSA calibration

- Working standard of chromatic dispersion unit for
calibration of CD analyzers is based on the set of
thermostabilized optical fibers.

- Working standard of PMD unit for calibration of PMD
analyzers is based on the set of optical fibers and optical
crystals samples.

- Working standard of unit of optical return loss in optical
fibre (for calibration of ORL measuring instruments) is based
on photometer and special fibreoptical designs with known
reflectance.

The samples of working standards described have been
manufactured at VNIIOFI and are applying now in different
metrological centers in Russia.

The results of design of verification chains and working
standards for described units provide traceability for basic
parameters of FOTs in Russia.

The bilateral and supplementary comparisons on units of
average optical radiation power (APMP and COOMET
projects) [4] and chromatic dispersion of optical fibre
(EURAMET project) [5] gave good results and confirms the
standards characteristics.

3. CONCLUSIONS

The results of standards and documentation design allow
providing metrological support of most important
parameters in this field.

Nowadays the research on metrological support of
digital fibre-optical systems parameters is in process.
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