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 78 

FOREWORD 79 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 80 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 81 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 82 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 83 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 84 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 85 
in the subject dealt with may participate in this preparatory work. International, governmental and non-86 
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 87 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 88 
agreement between the two organizations. 89 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 90 
consensus of opinion on the relevant subjects since each technical committee has representation from all 91 
interested IEC National Committees.  92 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 93 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 94 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 95 
misinterpretation by any end user. 96 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 97 
transparently to the maximum extent possible in their national and regional publications. Any divergence 98 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 99 
the latter. 100 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 101 
equipment declared to be in conformity with an IEC Publication. 102 

6) All users should ensure that they have the latest edition of this publication. 103 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 104 
members of its technical committees and IEC National Committees for any personal injury, property damage or 105 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 106 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 107 
Publications.  108 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 109 
indispensable for the correct application of this publication. 110 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 111 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 112 

International Standard IEC 61315 has been prepared by IEC technical committee 86: Fibre 113 
optics. 114 

This third edition cancels and replaces the second edition published in 2005. It constitutes a 115 
technical revision. 116 

This edition includes the following significant technical changes with respect to the previous 117 
edition: 118 

a) update of terms and definitions; 119 

b) update of Section 5.1 including Table 1 (new type of source); 120 

c) update of Annex A; 121 

d) addition of Annex B on dB conversion. 122 

The text of this standard is based on the following documents: 123 

FDIS Report on voting 

86/xxx/FDIS 86/xxx/RVD 
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 124 
Full information on the voting for the approval of this standard can be found in the report on 125 
voting indicated in the above table. 126 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 127 

The committee has decided that the contents of this publication will remain unchanged until the 128 
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data 129 
related to the specific publication. At this date, the publication will be  130 

• reconfirmed, 131 

• withdrawn, 132 

• replaced by a revised edition, or 133 

• amended. 134 

 135 

136 
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INTRODUCTION 137 

Fibre-optic power meters are designed to measure optical power from fibre-optic sources as 138 
accurately as possible. This capability depends largely on the quality of the calibration process. 139 
In contrast to other types of measuring equipment, the measurement results of fibre-optic 140 
power meters usually depend on many conditions of measurement. The conditions of 141 
measurement during the calibration process are called calibration conditions. Their precise 142 
description shall therefore be an integral part of the calibration.  143 

This International Standard defines all of the steps involved in the calibration process: 144 
establishing the calibration conditions, carrying out the calibration, calculating the uncertainty, 145 
and reporting the uncertainty, the calibration conditions and the traceability. 146 

The absolute power calibration describes how to determine the ratio between the value of the 147 
input power and the power meter's result. This ratio is called correction factor. The 148 
measurement uncertainty of the correction factor is combined following Annex A from 149 
uncertainty contributions from the reference meter, the test meter, the setup and the 150 
procedure. 151 

The calculations go through detailed characterizations of individual uncertainties. It is important 152 
to know that: 153 

a) experience-based, type B estimations of the individual uncertainties are acceptable; 154 

b) a detailed uncertainty analysis is only necessary once for each power meter type under 155 
test, and all subsequent calibrations can be based on this one-time analysis, using the 156 
appropriate type A measurement contributions evaluated at the time of the calibration; 157 

c) some of the individual uncertainties can simply be considered to be part of a checklist, with 158 
an actual value which can be neglected. 159 

Calibration according to Clause 5 is mandatory for reports referring to this standard. 160 

Clause 6 describes the evaluation of the measurement uncertainty of a calibrated power meter 161 
operated within reference conditions or within operating conditions. It depends on the 162 
calibration uncertainty of the power meter as calculated in 5.4, the conditions and its 163 
dependence on the conditions. It is usually performed by manufacturers in order to establish 164 
specifications and is not mandatory for reports referring to this standard. One of these 165 
dependences, the nonlinearity, is determined in a separate calibration (Clause 7). 166 

167 
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CALIBRATION OF FIBRE-OPTIC POWER METERS 168 

 169 

 170 

1 Scope 171 

This international standard is applicable to instruments measuring radiant power emitted from 172 
sources that are typical for the fibre-optic communications industry. These sources include 173 
laser diodes, light emitting diodes (LEDs) and fibre-type sources. The radiation may be 174 
divergent or collimated. The standard describes the calibration of power meters to be 175 
performed by calibration laboratories or by power meter manufacturers.  176 

2 Normative references 177 

The following documents are referred to in the text in such a way that some or all of their 178 
content constitutes requirements of this document. For dated references, only the edition cited 179 
applies. For undated references, the latest edition of the referenced document (including any 180 
amendments) applies. 181 

IEC 60359:2001, Electrical and electronic measurement equipment – Expression of 182 
performance 183 

IEC 60793-2, Optical fibres – Part 2: Product specifications – General 184 

IEC TR 61931, Fibre optic – Terminology 185 

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration 186 
laboratories 187 

VIM: JCGM 200:2012, International vocabulary of metrology – Basic and general concepts and 188 
associated terms  189 

GUM: JCGM 100:2008, Evaluation of measurement data – Guide to the expression of 190 
uncertainty in measurement  191 

3 Terms and definitions 192 

For the purposes of this document, the terms and definitions given in IEC TR 61931 and the 193 
following apply. 194 

ISO and IEC maintain terminological databases for use in standardization at the following 195 
addresses: 196 

• IEC Electropedia: available at http://www.electropedia.org/  197 

• ISO Online browsing platform: available at http://www.iso.org/obp  198 

 199 

3.1  200 
accredited calibration laboratory 201 
calibration laboratory authorized by the appropriate national organization to issue calibration 202 
certificates with a minimum specified uncertainty, which demonstrate traceability to national 203 
standards (3.14) 204 

http://www.electropedia.org/
http://www.iso.org/obp
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3.2  205 
adjustment  206 
set of operations carried out on an instrument in order that it provides given indications 207 
corresponding to given values of the measurand  208 

Note to entry: When the instrument is made to give a null indication corresponding to a null value of the 209 
measurand, the set of operations is called zero adjustment. 210 

[IEV 311-03-16; see also VIM 3.11, modified]  211 

3.3  212 
calibration 213 
set of operations that establish, under specified conditions, the relationship between the values 214 
of quantities indicated by a measuring instrument and the corresponding values realized by 215 
standards  216 

Note 1 to entry: The result of a calibration permits either the assignment of values of measurands to the indications 217 
or the determination of corrections with respect to indications. 218 

Note 2 to entry: A calibration may also determine other metrological properties such as the effect of influence 219 
quantities. 220 

Note 3 to entry: The result of a calibration may be recorded in a document, sometimes called a calibration 221 
certificate or a calibration report. 222 

[See also VIM 2.39, modified] 223 

3.4  224 
calibration conditions 225 
conditions of measurement in which the calibration is performed 226 

3.5  227 
centroidal wavelength 228 
lc 229 
power-weighted mean wavelength of a light source in vacuum. 230 

Note 1 to entry: For a continuous spectrum, the centroidal wavelength is defined as: 231 

 
( )
total

c P

dp∫=
lll

l  (1) 232 

For a spectrum consisting of discrete lines, the centroidal wavelength is defined as: 233 

 
∑
∑

=

i
i

ii

c P

P
i

λ

λ  (2) 234 

where 235 

p(λ) is the power spectral density of the source, for example, in W/nm; 236 

λi is the vacuum wavelength of the ith discrete line; 237 

P i is the power of the ith discrete line, for example, in W; 238 

Ptotal is the total power, for example, in W. 239 

Note 2 to entry: The above integrals and summations theoretically extend over the entire spectrum of the light 240 
source. However, it is usually sufficient to perform the integral or summation over the spectrum where the spectral 241 
density p(l) or power P i is higher than 0,1 % of the maximum spectral density p(l) or power P i. 242 
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3.6  243 
correction factor 244 
CF 245 
numerical factor by which the uncorrected result of a measurement is multiplied to compensate 246 
for systematic error  247 

[See also VIM] 248 

3.7  249 
detector 250 
element of the power meter that transduces the radiant optical power into a measurable, 251 
usually electrical, quantity. In this standard, the detector is assumed to be connected with the 252 
optical input port by an optical path  253 

[SOURCE: IEC 61931; see also VIM, 3.9, modified] 254 

3.8  255 
deviation 256 
D 257 
for the purposes of this standard, the relative difference between the power measured by the 258 
test meter (3.32) PDUT and the reference power Pref 259 

 
ref

refDUT
P

PP
D

−
=  (3) 260 

3.9  261 
excitation (fibre) 262 
description of the distribution of optical power between the modes in the fibre. In context with 263 
multimode fibres, the fibre excitation is described by: 264 

a) the spot diameter (3.31) on the surface of the fibre end, and 265 

b) the numerical aperture (3.17) of the radiation emitted from the fibre. 266 

Single mode fibres are generally assumed to be excited by only one mode (the fundamental 267 
mode) 268 

3.10  269 
instrument state 270 
set of parameters that can be chosen on an instrument 271 

Note to entry: Typical parameters of the instrument state are the optical power range, the wavelength setting, the 272 
display measurement unit and the output from which the measurement result is obtained (for example display, 273 
interface bus, analogue output). 274 

3.11  275 
irradiance 276 
quotient of the incremental radiant power ∂P incident on an element of the reference plane by 277 
the incremental area ∂A of that element: 278 

 
A
PE
∂
∂

=  (W/m²) (4) 279 

[SOURCE: IEC TR 61931, definition 2.1.15, mainly modified by adding the equation] 280 
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3.12  281 
measurement result 282 
y 283 
(displayed or electrical) output of a power meter (or standard), after completing all actions 284 
suggested by the operating instructions, for example warm-up, zero adjustment and 285 
wavelength-correction 286 

Note to entry: Measurement result is expressed in watts (W). For the purposes of uncertainty, measurement results 287 
in other units, for example volts, should be converted to watts. Measurement results in decibels (dB) should also be 288 
converted to watts, because the entire uncertainty accumulation is based on measurement results expressed in 289 
watts.  290 

3.13  291 
measuring range 292 
set of values of measurands for which the error of a measuring instrument is intended to lie 293 
within specified limits  294 

Note to entry: In this standard, the measuring range is the range of radiant power (part of the operating range), for 295 
which the uncertainty at operating conditions is specified. The term "dynamic range" should be avoided in this 296 
context. 297 

[See also VIM 4.7, modified] 298 

3.14  299 
national (measurement) standard 300 
standard recognized by a national decision to serve, in a country, as the basis for assigning 301 
values to other standards of the quantity concerned  302 

[See also VIM 5.3, modified] 303 

3.15  304 
national standards laboratory 305 
laboratory which maintains the national standard (3.14) 306 

3.16  307 
nonlinearity 308 
NL 309 
relative difference between the response (3.28) at a given power P and the response at a 310 
reference power P0: 311 

 1
0

P/P0 −=
)r(P

r(P)nl  (5) 312 

If expressed in decibels, the nonlinearity is: 313 

 
)(
)(log10

0
10P/P0 Pr

PrNL ×=  (dB)  (6) 314 

Note 1 to entry: The nonlinearity is equal to zero at the reference power. 315 

Note 2 to entry: The term "local nonlinearity" is used for the relative difference between the responses at two 316 
different power levels (separated by 3,01 dB) obtained during the nonlinearity calibration. The term "global 317 
nonlinearity" is used for the result of summing the local nonlinearities (in dB); it is identical to the nonlinearity 318 
defined here. 319 
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3.17  320 
numerical aperture 321 
description of the beam divergence of an optical source. In this standard, the numerical 322 
aperture is the sine of the (linear) half-angle at which the irradiance is 5 % of the maximum 323 
irradiance. 324 

[SOURCE: IEC 60793-1-43, modified – adapted from the definition of the numerical aperture of 325 
multimode graded-index fibres in IEC 60793-1-43; in this standard, the definition is used to 326 
describe the divergence of all divergent beams] 327 

3.18  328 
operating conditions 329 
appropriate set of specified ranges of values of influence quantities usually wider than the 330 
reference conditions for which the uncertainties of a measuring instrument are specified  331 

Note to entry: The operating conditions and uncertainty at operating conditions are usually specified by 332 
manufacturer for the convenience of the user. 333 

3.19  334 
operating range 335 
specified range of values of one of a set of operating conditions (3.18) 336 

3.20  337 
optical input port 338 
physical input of the power meter (or standard) to which the radiant power is to be applied or to 339 
which the optical fibre end is to be connected. An optical path (path of rays with or without 340 
optical elements like lenses, diaphragms, light guides, etc.) is assumed to connect the optical 341 
input port with the power meter's detector. 342 

3.21  343 
optical reference plane 344 
plane on or near the optical input port (3.20) which is used to define the beam's spot diameter 345 
(3.31) 346 

Note to entry: The optical reference plane is usually assumed to be perpendicular to the beam propagation, and it 347 
should be described by appropriate mechanical dimensions relative to the power meter's optical input port. 348 

3.22  349 
polarization dependent response 350 
PDR 351 
variation in response of a power meter with respect to all possible polarization states of the 352 
input light 353 

 







×=

min

max
10log10

r
r

PDR  (dB)  (7) 354 

where rmax and rmin are the maximum and minimum response (3.28) taken over all polarization 355 
states. 356 

Note to entry: Polarization dependent response is expressed in decibels. 357 

3.23  358 
power meter (fibre-optic) 359 
instrument capable of measuring radiant power from fibre-coupled sources such as lasers and 360 
LEDs, which are typical for the fibre-optic communications industry. The radiation may be 361 
divergent or collimated. The radiation is assumed to be incident on the optical reference plane 362 
within the specified conditions. A power meter may consist of either a single instrument or a 363 
main instrument and a separate sensing head. In the case of a separate sensing head, the 364 
head may be calibrated without the main instrument. 365 
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Note 1 to entry: The measurement result may be influenced by the main instrument, particularly if any analog 366 
electronics is used in the main instrument. In such cases, the sensing head shall be calibrated together with the 367 
main instrument. 368 

Note 2 to entry: A fibre-optic power meter is usually capable of measuring the time-average of modulated optical 369 
power. An increased uncertainty may be observed, which depends on the duty cycle and the peak power of 370 
modulated optical power. 371 

3.24  372 
radiant power 373 
P 374 
power emitted, transferred, or received in the form of optical radiation [1]1).  375 

Note to entry: Radiant power is expressed in watts. 376 

3.25  377 
reference conditions 378 
conditions of use prescribed for testing the performance of a measuring instrument or for 379 
intercomparison of results of measurements  380 

Note to entry: The reference conditions generally include reference values or reference ranges for the influence 381 
quantities affecting the measuring instrument. 382 

3.26  383 
reference meter 384 
standard which is used as the reference for the calibration (3.3) of a test meter (3.32) 385 

3.27  386 
reference standard 387 
standard, generally having the highest metrological quality available at a given location or in a 388 
given organization, from which measurements made there are derived  389 

[See also VIM 5.6, modified] 390 

3.28  391 
response 392 
r 393 
measurement result of a power meter, y, divided by the radiant power on the power meter's 394 
optical reference plane, P, at a given condition of measurement:  395 

 
P
yr =  (W/W, dimensionless)  (8) 396 

Note to entry: An ideal power meter exhibits a response of 1 for all operating conditions.  397 

3.29  398 
(spectral) responsivity 399 
R 400 
quotient of the detector output current I by the incident monochromatic optical power P: 401 

 
P
IR =  (A/W)  (9) 402 

Note to entry: The responsivity depends on the conditions (wavelength, temperature, etc.). 403 

___________ 
1) Figures in square brackets refer to the Bibliography. 
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Figure 1 – Typical spectral responsivity of photoelectric detectors 409 

3.30  410 
spectral bandwidth 411 
B 412 
full-width at half-maximum (FWHM) of the source spectrum 413 

Note 1 to entry: If the source is a laser diode with a multiple-longitudinal mode spectrum, then the FWHM spectral 414 
bandwidth B is the rms spectral bandwidth, multiplied by 2,35 (assuming the source has a Gaussian envelope). 415 

 2
ci

total
)(1352 ll −= ∑

i
iP

P
,B  (10) 416 

 ∑=
i

PP itotal
  (11) 417 

where 418 

λc is the centroidal wavelength (3.5) of the laser diode, in nm; 419 

Ptotal  is the total power, in W; 420 

Pi is the power of ith
 longitudinal mode, in W; 421 

λi is the wavelength of ith longitudinal mode, in nm.  422 

Note 2 to entry: If the source emits at one wavelength only (single-line spectrum), it may be sufficient to specify an 423 
upper limit, for example spectral bandwidth < 1 nm. 424 

Note 3 to entry: It is usually sufficient to perform the integral or summation over the spectrum where the power is 425 
higher than 0,1 % of the maximum power. 426 

3.31  427 
spot diameter 428 
in this standard, diameter of the irradiated area on the optical reference plane, defined by the 429 
(best-approximation) circle at which the irradiance (3.11) has dropped to 5 % of the peak 430 
irradiance 431 

Note 1 to entry: The ratio of 5 % was adopted for reasons of compatibility with the definition of the numerical 432 
aperture. Other ratios are often used to describe laser beams, for example 1/e2 or 1/e. In that case, it shall be 433 
stated with the spot diameter value. 434 

IEC   1826/05 
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3.32  435 
test meter 436 
power meter (3.23) (or standard) to be calibrated by comparison with the reference meter 437 
(3.26) 438 

3.33  439 
traceability 440 
property of the result of a measurement or the value of a standard whereby it can be related to 441 
stated references, usually national or international standards, through an unbroken chain of 442 
comparisons all having stated uncertainties  443 

[See also VIM 2.41, modified] 444 

3.34  445 
traceability chain 446 
unbroken chain of comparison  447 

[See also VIM 2.42, modified] 448 

 
National 
standard 

Transfer 
standard 

 

Working 
standard 

 

Working 
standard 

 

Test Meter 

National standards laboratory 

Accredited calibration laboratory 

Calibration laboratory of company 

IEC   1827/05 

 449 

Figure 2 – Example of a traceability chain  450 

3.35  451 
working standard 452 
standard that is used routinely to calibrate or check measuring instruments  453 

[See also VIM 5.7, modified] 454 

Note to entry: A working standard is usually calibrated against a reference standard (3.27). 455 

3.36  456 
zero error 457 
measurement result of a power meter without irradiation of the optical input port  458 

[See also VIM 4.28, modified] 459 
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4 Preparation for calibration 460 

4.1 Organization 461 

The calibration laboratory should satisfy requirements of ISO/IEC 17025.  462 

There should be a documented measurement procedure for each type of calibration performed, 463 
giving step-by-step operating instructions and equipment to be used. 464 

4.2 Traceability 465 

The requirements of ISO/IEC 17025 should be met. 466 

All standards used in the calibration process shall be calibrated according to a documented 467 
program with traceability to national standards laboratories or to accredited calibration 468 
laboratories. It is advisable to maintain more than one standard on each hierarchical level, so 469 
that the performance of the standard can be verified by comparisons on the same level. Make 470 
sure that any other test equipment which has a significant influence on the calibration results is 471 
calibrated. Upon request, specify this test equipment and its traceability chain(s). The re-472 
calibration period(s) shall be defined and documented. 473 

4.3 Advice for measurements and calibrations 474 

This subclause gives general advice for all measurements and calibrations of optical and fibre-475 
optic power meters.  476 

The calibration should be made in a temperature-controlled room if non-temperature-controlled 477 
detectors are used. The recommended temperature is 23 °C. Humidity control may be 478 
necessary if humidity-sensitive optical detectors are used, or if there is the possibility of 479 
condensation on the components. A change of the laboratory's humidity may change the 480 
absorption of air and thereby change the power. This effect is relatively strong between 1 360 nm 481 
and 1 410 nm, especially when a sequential-type, open-beam calibration is used and the humidity 482 
changes between the steps. In parallel-type calibrations with open-beam paths of approximately 483 
the same lengths, the measurement results of both the reference meter and the test meter will 484 
change at approximately the same time, with negligible effect on the calibration result. 485 

The laboratory should be kept clean. Connectors and optical input ports should always be 486 
cleaned before measurement. The quality and cleanness of the connector in front of the 487 
detector should be checked. All fibres should be moved as little as possible during the 488 
measurements; they can be fixed to the workbench if necessary. Sensors should be moved to 489 
the fibre rather than the fibre to the sensor. 490 

The optical source that is used for the excitation of the power meter should be characterized 491 
for centroidal wavelength and spectral bandwidth. The spectral bandwidth should be narrow 492 
enough to avoid averaging over a wide range of wavelengths. Means to ensure the stability of 493 
the source, for example with the help of independent power monitoring, may be advisable. 494 

Laser diodes are sensitive to back reflections. To improve the stability, it is advisable to use an 495 
optical attenuator or an optical isolator between the laser diode and the test meter. Because of 496 
their narrow spectral bandwidths, the combination of laser diode and multimode fibre is also 497 
capable of producing speckle patterns on the optical reference plane, with the result of an 498 
increased measurement uncertainty. 499 

Fibre connectors and connector adapters are likely to produce errors in the measurement 500 
result [2] because of multiple reflections between the optical input port (or detector) and the 501 
connector-adapter combination (as part of the source). Therefore, connectors and adapters 502 
with low reflectivity are recommended for the calibration. Otherwise, a correction factor and an 503 
increased uncertainty may have to be taken into account. 504 
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It is advisable to use reference meters with detector diameters of ≥ 3 mm, because they can 505 
easily be irradiated with an open beam, and they are less susceptible to contamination (dirt and 506 
dust). The reference meter's surface reflections should be as small as possible. If the source 507 
emits a divergent beam, then a reference meter with an integrating sphere may be advisable. It 508 
is also acceptable to use meters with "flat" detectors and mathematical correction, based on 509 
multiplying the emitted far field distribution with the measured angle-dependence of the 510 
detector of the reference meter, and integrating over the range of far-field angles. 511 

Temperature control of the detectors should be considered for highly accurate calibrations, 512 
because detectors exhibit strong temperature dependence over some wavelength ranges. 513 

4.4 Recommendations to users 514 

It is recommended that the user of the power meter maintain at least one reference power 515 
meter, which allows comparison of the meters for confidence. These comparisons are 516 
particularly important before and after the meter is sent to re-calibration, because they will 517 
allow the user to determine whether or not his scale has changed – for example due to 518 
transport – after the meter returns. Scale changes due to adjustment (3.2) (see IEV 311-03-16 519 
and VIM 4.30) will be reported on the calibration certificate. 520 

A regular comparison of the correction factors (3.6), or of the deviations (3.8), will allow the 521 
user to screen out excessive ageing, and possibly to adjust the recalibration intervals. 522 

5 Absolute power calibration 523 

5.1 Calibration methods 524 

The calibration of a power meter is usually achieved by exposing both the meter under test and 525 
a calibrated power meter with known uncertainty (the reference meter) to an optical radiation, 526 
and by transferring the reference meter's (3.26) measurement result to the test meter (3.32).  527 

The allowable spectral bandwidth (3.30) depends on the test meter's spectral responsivity 528 
(3.29); the stronger its wavelength dependence, the narrower the spectral bandwidth. Usual 529 
bandwidths are ≤10 nm, which excludes the possibility of calibrating with wider-bandwidth 530 
LEDs. Therefore, either combinations of "white-light" sources and narrow-bandwidth filters (for 531 
example monochromators), laser diodes or combinations of supercontinuum lasers with 532 
tuneable bandpass filters are used in fibre-optic power meter calibrations. 533 

Depending on the type of source and the exciting beam geometry, six most frequent calibration 534 
methods can be distinguished: 535 

Table 1 –Calibration methods and correspondent typical power 536 

Radiation source Open-beam calibration Fibre beam calibration 

"White-light" with filter P ≈ 10 µW P ≈ 10 nW to 0,3 µW (MMF) 

P ≈ 2 nW (SMF) 

Laser diode P ≈ 10 µW to a few mW P ≈ 10 µW to a few mW (SMF and 
MMF) 

Supercontinuum laser with filter P ≈ 1 µW to a few mW  P ≈ 1 µW to 700 µW (SMF and 
MMF) 

MMF: multimode fibre (usually graded-index fibre) 

SMF: single-mode fibre 

 537 

For fibre-optic power meters, fibre beam calibration is recommended. For open-beam 538 
calibration, a correction of the calibration results using a series of fibre beam laser calibration 539 
results at a few wavelengths should be performed. 540 
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One can distinguish between the sequential and the parallel measurement method. When 541 
reference meter and test meter are sequentially exposed to the source, then the radiated 542 
power should be kept as constant as possible, for example by appropriate stabilization. For the 543 
parallel-type calibration, a beam splitter or a branching device is used to generate two beams 544 
that excite both the reference meter and the test meter simultaneously. In this case, the beam 545 
splitter or branching device ratio shall be determined as accurately as possible, and its stability 546 
shall be investigated. 547 

As an example, a measurement setup for sequential, fibre-based calibration is illustrated in 548 
Figure 3. A launching device, for removal of the cladding modes and creation of an appropriate 549 
modal excitation, is included in the setup. 550 

 

S dB 

Attenuator 
(optional) Power meter 

under test 
 

Source Launching 
device 

Reference 
power meter 

 

IEC   1828/05 modified  551 

Figure 3 – Measurement setup for sequential, fibre-based calibration 552 

5.2 Establishing the calibration conditions 553 

The calibration conditions (3.4) are the measurement conditions during the calibration process. 554 
Establishing and maintaining the calibration conditions is an important part of the calibration 555 
(3.3), because any change of these conditions is capable of producing erroneous measurement 556 
results. The calibration conditions should be a close approximation to the intended operating 557 
conditions (3.18). This ensures that the (additional) uncertainty in the operating environment is 558 
as small as possible. The calibration conditions should be specified in the form of nominal 559 
values with uncertainties when applicable. In order to meet the requirements of this standard, 560 
the calibration conditions shall at least consist of: 561 

a) the date of calibration; 562 

b) the ambient temperature with uncertainty, for example 23 °C ± 1 °C; 563 

c) the ambient relative humidity, if it has an influence, otherwise a relative humidity below the 564 
condensation point is assumed; 565 

d) the nominal radiant power on the optical reference plane (3.21); 566 

e) the beam geometry: 567 

1) an open (for example collimated) beam, described by the spot diameter (3.31) on the 568 
optical reference plane, the beam's numerical aperture (3.17) and the irradiance (3.11) 569 
distribution in the beam. Typical irradiance distributions are: uniform, Gaussian or even 570 
irregular (speckled); 571 

2) the type of fibre and, if applicable, its degree of excitation (for example within encircled 572 
flux templates defined in IEC 61280-4-1 when using an A1a or A1b multimode fibre); 573 

f) the connector-adapter combination: the connector type, polishing and adapter as part of the 574 
exciting source (if applicable); 575 

g) the centroidal wavelength (3.5) of the exciting source with its uncertainty; 576 
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h) the spectral bandwidth (3.30) of the exciting source with its uncertainty; 577 

i) the state of polarization: "unpolarized light" or "polarized light, undefinite state". If the latter 578 
is chosen, the uncertainty due to polarization dependent response (3.22) shall be taken into 579 
account in 5.4.2 and 5.4.4.  580 

The above conditions may not be exhaustive. There may be other parameters that have a 581 
significant influence on the calibration uncertainty and therefore shall be reported, too. 582 

In the calibration with an open-beam, the power meter's optical reference plane (3.21) should 583 
be centrally irradiated with a beam diameter smaller than the active area of the optical 584 
reference plane. 585 

In the calibration with a fibre, a single-mode fibre or a multimode fibre may be used. A single-586 
mode fibre may be advantageous because of its reproducible beam characteristics, but may 587 
not be available for all wavelengths. If a multimode fibre is used, then excitation between 85 % 588 
and 95 % (slightly underfilled) is preferred because this excitation can be more easily 589 
reproduced (encircled flux templates defined in IEC 61280-4-1 are a good example of this 590 
condition). A launching device may be necessary to create the appropriate excitation. Note that 591 
multimode fibres will emit irregular beam patterns (speckle patterns) when driven by a laser 592 
diode; this will result in an increased calibration uncertainty.  593 

A connector-adapter combination should only be reported if the power meter is calibrated with 594 
a fibre, not with an open beam. It is recommended to use a combination of connector and 595 
adapter with sufficiently low reflections back to the power meter. 596 

5.3 Calibration procedure 597 

(1) Establish and record the appropriate calibration conditions (5.2). Switch on all 598 
instrumentation and wait for enough time to stabilize. 599 

(2) Set up the instrument state (3.10) of the reference meter and test meter according to the 600 
instruction manual. Set the wavelength on all instruments for the source wavelength. Select 601 
appropriate power ranges. Record the instrument states of both meters. Adjust the zero of 602 
both meters if applicable. 603 

(3) Measure the optical power with the reference meter Pstd,1. Multiply the measurement result 604 
by the correction factor of the reference meter CFstd reported in its calibration certificate if it 605 
has not been adjusted. Multiply by the correction factor CFchange calculated in 5.4.3 if 606 
necessary. Record the measurement result, Pref,1 = Pstd,1 x CFstd x CFchange.  607 

(4) Measure the optical power with the test meter. Apply necessary corrections as suggested 608 
by the operating instructions. Record the measurement result, PDUT,1. 609 

(5) Calculate the first of a series of correction factors: 610 

 
DUT,1

ref,1
1,comparison P

P
CF =  (12) 611 

(6) Repeat steps (3) through (5) several times, with the result of obtaining several correction 612 
factors, CFcomparison,1 to CFcomparison,n. 613 

(7) Calculate and record the average correction factor, CFDUT from the individual correction 614 
factors: 615 

 ∑
=

⋅=
n

i
CF

n
CF

1
i,comparisonDUT

1  (13) 616 

 If desired the deviation D can be calculated from the correction factor: 617 
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 11
DUT

−=
CF

D  (14) 618 

In later use of the test meter, the measurement results shall be multiplied with CFDUT. 619 
Alternatively, an adjustment (3.2) of the test meter can be made so that the correction factor is 620 
changed to 1. In this case, the comparison should be repeated for verification.  621 

5.4 Calibration uncertainty 622 

The calibration uncertainty is the measurement uncertainty of the correction factor CFDUT. 623 
Calculate the combined standard uncertainty from: 624 

 2
DUT

2
ref

2
setupDUT )( uuuCFu ++=  (15) 625 

where 626 

usetup = uncertainty due to the setup, (5.4.1); 627 

uref  = uncertainty of the reference meter, (5.4.2); 628 

uDUT = uncertainty due to the test meter, (5.4.4). 629 

NOTE Equation (15) is valid only if the input quantities are independent or uncorrelated. If some input quantities 630 
are significantly correlated, take the correlation into account. See GUM for more detail. 631 

Then calculate the expanded uncertainty from: 632 

 )()( DUTDUT CFukCFU ×=  (16) 633 

where k is the coverage factor. See Annex A for more detail. 634 

5.4.1 Uncertainty due to the setup 635 

The following uncertainties may come from the setup: 636 

a) Uncertainty due to the source power instability. In addition to the intrinsic variation of output 637 
power versus time, a laser source may react with unstable power to variations of back-638 
reflections and variations of the state of polarisation of back-reflected light. 639 

b) Uncertainty due to the beam splitter or branching device ratio (for parallel method), for 640 
example due to their polarization dependence. 641 

c) Depending on the setup and method, other uncertainties may have to be taken into 642 
account. 643 

Instability of the source power, of the beam splitter or branching device ratio (for parallel 644 
method) will cause a scatter in the measurement of the correction factor. The uncertainty due 645 
to these instabilities can be calculated from the experimental standard deviation of the 646 
correction factors CFcomparison,1 to CFcomparison,n measured during the calibration (Equation (12)). 647 
The number of comparisons should be large to reduce this uncertainty. See Annex A for more 648 
detail on type A evaluation of uncertainty. 649 

 
n

CFs
u

)( comparison
typeAsetup, =  (17) 650 

where: 651 

s(CFcomparison) is the experimental standard deviation of the correction factors; 652 
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n is the number of measurement cycles during the calibration process. 653 

This uncertainty can also be calculated from a standard deviation evaluated once from 654 
measurements and used for all calibrations or from a type B evaluation. The instability should 655 
therefore not vary too much from one calibration to the next and not depend on the test meter. 656 
The number n in Equation (17) is always the number of measurement cycles during the current 657 
calibration process. 658 

This type A evaluated uncertainty will also be influenced by the repeatability of the connection 659 
when using a sequential measurement method or by slight changes in the measurement 660 
conditions during the calibration process. It can (partially) take into account some of the 661 
uncertainties due to the reference meter (5.4.2) or test meter (5.4.4). Uncertainty components 662 
should not be taken twice into account but also not be forgotten. 663 

Calculate the uncertainty due to the setup by combining all partial uncertainties described in 664 
this subclause: 665 

 ∑
=

=
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i
uu

1

2
isetup,setup  (18) 666 

5.4.2 Uncertainty of the reference meter 667 

The uncertainty of the reference meter is mainly due to its calibration, to the uncertainties of 668 
the current calibration conditions (3.4) and to the dependence of the reference meter on these 669 
conditions.  670 

The following uncertainties shall be evaluated. The evaluation can be made on the basis of 671 
measurements or estimations, or a mixture of both. The calculation of uncertainties is 672 
described in Annex A. The measurement of dependence on conditions is described in 6.3.1. 673 

a) Calibration uncertainty of the reference meter. It shall be obtained from its calibration 674 
certificate; 675 

b) Uncertainty due to the change from the conditions in which the reference meter was 676 
calibrated and the current calibration conditions uchange as calculated in 5.4.3;  677 

c) Uncertainty due to temperature dependence of the reference meter;  678 

d) Uncertainty due to dependence on relative humidity of the reference meter. Power meters 679 
with integrating sphere are particularly sensitive to absorption peaks of water when using 680 
narrow laser sources; 681 

e) Uncertainty due to dependence on the beam geometry of the reference meter; 682 

f) Uncertainty due to dependence on multiple reflections. Multiple reflections may exist 683 
between the optical input port and the radiation source (for example a connector-adapter 684 
combination). Different artefacts will change the measured power; 685 

g) Uncertainty due to wavelength dependence of the reference meter;  686 

h) Uncertainty due to dependence on source spectral bandwidth of the reference meter; 687 

i) Uncertainty due to dependence on state of polarization of the reference meter, except if 688 
unpolarized or depolarized light is used for calibration; 689 

j) Uncertainty due to optical interference. Fabry-Perot cavities can occur between the surface 690 
of the detector, of the window and the end of the connector, if used; 691 

k) Uncertainty due to the resolution of the reference meter. If the resolution of the reference 692 
meter is δyref, the standard uncertainty is (see GUM, F.2.2.1):  693 

 refresolutionref,
32

1 yu δ=  (19) 694 
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l) Uncertainties due to other dependences of the reference meter. Depending on the type of 695 
reference meter, there may be other uncertainties of the reference meter. These should 696 
also be measured or estimated; 697 

m) Uncertainty due to ageing of the reference meter. 698 

Then calculate the combined standard uncertainty of the reference meter from the n above 699 
standard uncertainties: 700 

 2
change

1

2
iref,ref uuu

n

i
+= ∑

=

 (20) 701 

where uchange is the uncertainty due to the change of conditions, as determined from 5.4.3. 702 

5.4.3 Correction factors and uncertainty caused by the change of conditions 703 

The reference meter may exhibit a different response because it was calibrated under 704 
conditions different from the current calibration conditions. Examples for differences between 705 
the two sets of measurement conditions are: Parallel beam versus divergent beam, different 706 
source spectra, a non-reflecting setup versus a setup with multiple reflections, or a large time 707 
span between the two reference dates resulting in ageing of the standard.  708 

If the conditions under which the reference meter was calibrated are nominally identical to the 709 
current calibration conditions (their uncertainties can be different) and if the ageing of the 710 
reference meter is negligible, this clause can be skipped (CFchange = 1). 711 

As indicated in Figure 4, each change comprises the nominal change of condition and the 712 
change of uncertainty.  713 
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calibrated (“previous” condition) 
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Nominal change of condition 
(generates the correction factor) 
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"Current” 
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correction factor = 1 
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Alternative B 

IEC   1829/05  714 

Figure 4 – Change of conditions and uncertainty 715 

For each of the potential error contributions (5.4.3.1 to 5.4.3.7) one should decide if it is 716 
sensible to calculate a correction factor or not. Alternative A includes the calculation of a 717 
correction factor with the result of a relatively small uncertainty. Alternative B means waiving 718 
the correction factors (or CFchange = 1) and taking larger uncertainties into account to embrace 719 
the worst-case conditions. 720 
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If the alternative A is chosen, the (cumulative) correction factor is: 721 

 
current

previous
change r

r
CF =  (21) 722 

or rCF ∆−= 1change  (22) 723 

where 724 

rprevious  is the response of the reference with excitation at the conditions at which it was 725 
calibrated; 726 

rcurrent is the response of the reference with excitation at the current calibration conditions; 727 

∆r  is the relative change of response ∆r = (rcurrent – rprevious) / rcurrent. 728 

Calculate the (cumulative) reference meter's change-related correction factor by accumulating 729 
the partial correction factors, CFchange,i , outlined in 5.4.3.1 to 5.4.3.7. For each influencing 730 
quantity Xi, start with the calculation of the partial correction factor: 731 

 ichange,i 1 rCF ∆−=  (23) 732 

The relative change of response ∆ri can be directly measured by changing the influencing 733 
quantity from the “previous” to the “current” calibration conditions or calculated from the 734 
nominal change of the influencing quantity ∆xi, and the reference meter's nominal relative 735 
dependence on this quantity: 736 

 iichange,i 1 xcCF ∆×−=  (24) 737 

where ci is the partial derivate of the relative response on the influence quantity X i, called 738 
sensitivity coefficient. See GUM (5.1.3 and 5.1.4) for more detail. 739 

If the sensitivity coefficient is not known very well, the following type B uncertainty should be 740 
taken into account: 741 

 iiichange, )( xcuu ∆×=  (25) 742 

where u(ci) is the standard uncertainty of the sensitivity coefficient. The measurement of the 743 
dependences is discussed in 6.3. 744 

Finally, calculate the reference meter's cumulative correction factor from the above 745 
contributions: 746 

 ichange,
1

change CFCF
n

i=
=Π  (26) 747 

and the combined standard uncertainty due to the change of calibration conditions: 748 
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This correction factor corresponds to a known change of response of the reference meter 750 
caused by the two different sets of measurement conditions. It is a correction factor to apply to 751 
the power read by the reference meter (see 5.3). 752 

5.4.3.1 Correction factor due to temperature change 753 

The correction factor CFchange,Θ should be calculated with the help of the nominal change 754 
between the "previous" and the "current" temperature ∆Θ and the temperature sensitivity 755 
coefficient cΘ of the reference meter (for example in %/°C). 756 

 ∆Θ×−= ΘΘchange, 1 cCF  (28) 757 

5.4.3.2 C758 
orrection factor due to change of power level 759 

The uncertainty should be calculated from the nonlinearity of the reference meter between the 760 
"previous" and the "current" power level. If necessary, a correction factor can be calculated 761 
from: 762 

 10NLchange, 10
NL

CF
−

=  (29) 763 

where NL is the nonlinearity, expressed in decibels (dB). Measurement of nonlinearity is 764 
described in Clause 7. 765 

5.4.3.3 Correction factor due to change of beam geometry 766 

The correction factor should be calculated from the change of response measured when 767 
changing the beam geometry. 768 

5.4.3.4 Correction factor due to dependence on multiple 769 
reflections 770 

The reference meter's optical input port should generally be assumed to be reflective. Such a 771 
reflection will travel back to the radiation source, be reflected again, and finally increase the 772 
displayed optical power level. This effect will give rise to a correction factor (usually < 1) and 773 
an increased uncertainty. 774 

If, for example, the source used in the calibration of the reference meter was non-reflective and 775 
the source used in the calibration of the test meter is reflective (caused by an optical 776 
connector), then the total power indicated by the reference meter is erroneous by the 777 
secondary reflection. If one assumes that the secondary reflection contributes an additional 778 
5 % of the total power, then the individual correction factor is 0,95. This type of error can be 779 
reduced by using sources with highly absorptive enclosures, respectively sources with low-780 
reflectivity connector-adapter combinations. 781 

5.4.3.5 Correction factor due to wavelength change 782 

The correction factor should be calculated with the help of the nominal change of wavelength 783 
∆l and the reference meter's nominal wavelength dependence cl. 784 

 λ∆λλ ×−= cCF 1change,  (30) 785 
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5.4.3.6 Correction factor due to spectral bandwidth change 786 

The correction factor should be calculated with the help of the nominal change of spectral 787 
bandwidth and the reference meter's nominal dependence on the spectral bandwidth. Note that 788 
the correction factor remains 1 as long as the (uncorrected) wavelength-dependence is linear 789 
within the spectral bandwidth of the source. In the case that the wavelength dependence is 790 
curved, the correction factor can be computed with the help of the wavelength-dependence of 791 
the reference meter and the spectra of the two sources used in the calibration of the reference 792 
meter and in the calibration of the test meter. 793 

5.4.3.7 Other correction factors 794 

Depending on the type of reference meter and the calibration conditions, there may be other 795 
correction factors. These should also be measured or estimated as outlined above. 796 

5.4.4 Uncertainty due to the test meter 797 

Uncertainties arising from the test meter are mainly due to the uncertainties of the calibration 798 
conditions and the dependence of the test meter on the conditions. The following uncertainties 799 
shall be evaluated. Their determination is similar to 5.4.2. The calculation of uncertainties is 800 
described in Annex A, the measurement of dependence on conditions is described in 6.3.1. 801 

a) Uncertainty due to temperature dependence of the test meter 802 

b) Uncertainty due to dependence on relative humidity of the test meter. Power meters with 803 
integrating sphere are particularly sensitive to absorption peaks of water when using 804 
narrow laser sources. 805 

c) Uncertainty due to dependence on beam geometry. This uncertainty comes from non-806 
uniformity and angle-dependence of the test meter's optical input port. 807 

d) Uncertainty due to dependence on multiple reflections. Multiple reflections may exist 808 
between the optical input port and the radiation source (for example a connector-adapter 809 
combination). Different artefacts will change the measured power. 810 

e) Uncertainty due to wavelength dependence of the test meter 811 

f) Uncertainty due to dependence on source spectral bandwidth of the test meter 812 

g) Uncertainty due to dependence on state of polarization of the test meter, except if 813 
unpolarized or depolarized light is used for calibration 814 

h) Uncertainty due to optical interference. Fabry-Perot cavities can occur between the surface 815 
of the detector, of the window and the end of the connector, if used 816 

i) Uncertainty due to the resolution of the test meter. If the resolution of the test meter is 817 
δyDUT, the standard uncertainty is (see GUM, F.2.2.1): 818 

 DUTtionDUT,resolu
32

1 yu δ=  (31) 819 

j) Uncertainties due to other dependences of the test meter. Depending on the type of test 820 
meter and on the calibration process, there may be other conditions causing uncertainties. 821 

Then calculate the combined standard uncertainty contribution of the test meter from the n 822 
above standard uncertainties: 823 
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=
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i
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1

2
DUT,iDUT  (32) 824 
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5.5 Reporting the results 825 

The results of each calibration should be reported as required by ISO/IEC 17025. Calibration 826 
certificates or calibration reports referring to this standard shall at least include the following 827 
information:  828 

a) all calibration conditions (3.4) as described in 5.2; 829 

b) the test meter's correction factor(s) (3.6) or deviation(s) (3.8), if the test meter was not 830 
adjusted; 831 

c) on receipt correction factors or deviations and after adjustment (3.2) correction factors or 832 
deviations in the case that an adjustment was carried out; 833 

d) the calibration uncertainty in the form of an expanded uncertainty as described in 5.4;  834 

e) the instrument state (3.10) of the test meter during the calibration; 835 

f) evidence that the measurements are traceable (see ISO/IEC 17025:2005, 5.10.4.1 c)). 836 

6 Measurement uncertainty of a calibrated power meter 837 

6.1 Overview 838 

The measurement uncertainty of a calibrated power meter is larger than its calibration 839 
uncertainty. It is the combination of the calibration uncertainty and of uncertainty contributions 840 
due to the dependence of the power meter on the conditions of measurement. 841 

The determination of the measurement uncertainty of a calibrated power meter used at 842 
reference conditions or at operating conditions is not part of the calibration process. It is 843 
performed for example by manufacturers of power meters in order to establish specifications. It 844 
is not mandatory for calibration certificates or calibration reports referring to this standard. 845 

6.2 Uncertainty at reference conditions 846 

Reference conditions (3.25) are used for testing the performance of a power meter or for 847 
intercomparisons. They are usually defined by manufacturers in order to specify the smallest 848 
uncertainty of a measuring instrument; therefore, they are often identical or close to its 849 
calibration conditions.  850 

The uncertainty at reference conditions is the uncertainty on the result of a measurement taken 851 
by the calibrated and adjusted power meter when operated at reference conditions. It depends 852 
on the calibration uncertainty of the power meter, the reference conditions and the dependence 853 
of the power meter on the reference conditions. This is the reason why the uncertainty at 854 
reference conditions is always larger than the calibration uncertainty. Even when the reference 855 
conditions are identical with the calibration conditions (no uncertainty due to change of 856 
conditions), the test (power) meter’s dependences on the reference conditions have to be 857 
added (in quadrature) to the calibration uncertainty for a second time. Calculating the 858 
uncertainty at reference conditions of the calibrated test meter is similar to calculating the 859 
measurement uncertainty at calibration conditions of the reference meter described in 5.4.2: 860 

 2
DUTDUT

2
nditionsDUT,ref_co )( uCFuu +=  (33)  861 

where 862 

u(CFDUT) is the calibration uncertainty of the test meter, as determined from 5.4, and 863 

uDUT is the uncertainty due to the dependence of the test meter on the reference 864 
conditions, as determined from 5.4.4. 865 

The description of the reference conditions should be made in the same way as the calibration 866 
conditions described in 5.2.  867 
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6.3 Uncertainty at operating conditions 868 

The uncertainty at operating conditions (or operating uncertainty, see 2.2.11 of IEC 60359) is 869 
the uncertainty on the result of a measurement taken by the calibrated and adjusted power 870 
meter when operated within a range of operating conditions (3.18). It depends on the 871 
calibration uncertainty, the operating conditions and the dependence of the power meter on the 872 
operating conditions: 873 

 2
extensionDUT

2
operatingDUT, )( uCFuu +=  (34) 874 

where 875 

u(CFDUT) is the calibration uncertainty of the test meter, as determined from 5.4, and 876 

uextension is the extension uncertainty, due to the dependence of the meter on the operating 877 
conditions, as determined from Equation (38). 878 

Contrary to the calibration conditions (3.4) described in 5.2, each operating condition should be 879 
described by a range when possible. The set of operating conditions are specified by:  880 

a) the maximum time span between recalibrations; 881 

b) the range of ambient temperatures; 882 

c) the range of power levels (measuring range); 883 

d) the range of beam geometries described by their spot diameter and numerical aperture, or 884 
the range of fibre types; 885 

e) the applicable connector-adapter combinations, if any; 886 

f) the range of wavelengths of the source; 887 

g) the maximum spectral bandwidth of the source. 888 

All possible polarization states are included in the operating conditions by default. A relative 889 
humidity below the condensation point is also assumed.  890 

The above conditions may be defined either by the power meter manufacturer or by the 891 
calibration laboratory in charge of the calibration for operating conditions. 892 

To calculate the extension uncertainty, combine all uncertainties due to the dependences on 893 
the conditions:  894 

 ∑
=

=
n

i
uu

1

2
iextension,extension  (35) 895 

where: 896 

uextension,i  are contributions to the extension uncertainty; 897 

n    is the total number of contributions. 898 

6.3.1 Determination of dependences on conditions 899 

Each dependence should be recorded as relative change of the meter's response, caused by 900 
changing the relevant condition within its operating range. During the test, all other conditions 901 
should be kept at the calibration conditions. The zero point is defined by the response at 902 
calibration conditions. This way, each dependence can be specified by a range that is defined 903 
by the maximum positive and negative changes of the response. An asymmetric range about 904 
the zero-point is the usual result as shown in Figure 5. 905 
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 906 

Figure 5 – Determining and recording an extension uncertainty 907 

In order to obtain good measurement accuracy, the guidelines in Clause 4 should be observed. 908 
Uncertainties in the measurements should be as small as possible, because the measurement 909 
results shall include these uncertainties. It is acceptable to use estimations, instead of 910 
measurements, if these estimations are based on known physical relations or on a sufficiently 911 
large number of characterizing measurements of the same type of test meter. 912 

For the determination of the combined standard uncertainty of the test meter at operating 913 
conditions, the limits quantifying the individual dependences shall be converted to standard 914 
uncertainties using Equation (A.5). 915 

The individual uncertainties are usually assumed to be independent. However, in some 916 
instances an uncertainty may be strongly dependent on more than one condition. Examples are 917 
outlined in 6.3.4, 6.3.6 and 6.3.7. If the extension uncertainty is substantially increased by 918 
changing the other conditions (within their specified operating ranges), this larger uncertainty 919 
shall be recorded. The calculation of the uncertainty shall then be based on these larger 920 
uncertainties. 921 

6.3.2 Ageing 922 

Ageing is the relative change of response during a period. It can be determined from the 923 
results of successive calibrations of the meter at the same conditions or from indications of the 924 
manufacturer.  925 

For a manufacturer, the relative change of response during a period shall be determined with 926 
the assumption of careful use of the instrument. It is recommended to expose the power meter 927 
to its typical environmental conditions, for example ambient temperature (23 ± 1) °C for a 928 
laboratory-type instrument, optical input port non-irradiated, continuously repetitive cycles of 929 
power-on 12 hours, power-off 12 hours, with a total test time equal to the period. The change 930 
of response should be measured by comparison with a working standard. Regular and 931 
traceable recalibration of the working standard will be necessary, in order to exclude ageing of 932 
the working standard. As always, the measurement uncertainty, in this case mostly the 933 
uncertainty of the working standard, shall be taken into account. 934 

It is recommended to calculate the ageing uncertainty from a rectangular distribution obtained 935 
as described above (see Clause A.3). If, for example, a detector is known to increase its 936 
response by a maximum of 0,1 % per year at a certain wavelength, then the ageing uncertainty 937 
is characterized by a rectangle that extends from 0 % (at time 0) to +0,1 % (at time 1 year). 938 

6.3.3 Dependence on temperature 939 

The relative change of response against the response at the calibration conditions should be 940 
measured by changing the temperature within the operating temperature range. The 941 
rectangular uncertainty distribution is then defined by the most negative and the most positive 942 
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relative changes of the response. Only the extremes of the response as function of the 943 
temperature are relevant, not the responses at the extremes of the temperature (see Figure 5).  944 

Note that the temperature dependence of the spectral responsivity of semiconductor detectors 945 
depends on the wavelength. 946 

6.3.4 Dependence on the power level (nonlinearity) 947 

The relative change of response against the response at the calibration power level should be 948 
measured following Clause 7.  949 

6.3.5 Dependence on the type of fibre or on the beam geometry 950 

Fibre-optic power meters may be designed to accept fibres or open beams. It is assumed that 951 
the response of the power meter depends on the geometry of the light beam because, for 952 
example, of non-uniformity and angle-dependence of the meter's optical input port.  953 

The relative change of response should be measured with a working standard that exhibits: 954 

− negligible angle-dependence, 955 

− negligible surface reflections, and 956 

− a sufficiently large active area to capture the fibre beams or the open beams. 957 

 958 

 959 

Figure 6 – Possible subdivision of the optical reference plane into 10 x 10 squares,  960 
for the measurement of the spatial response 961 

Another possibility is evaluating the uncertainties with a mathematical analysis, based on the 962 
assumption that all uncertainties are caused by non-uniform spatial responses of the test 963 
meter's reference plane. In preparation of this, the active area of the optical reference plane 964 
should be subdivided into an array of squares, for example, 10 x 10 squares as in Figure 6.  965 

Then two types of measurements should be carried out: 966 

a) measurements of the spatial power density, together with the angles of incidence, on the 967 
optical reference plane as generated by the applicable beam geometries; 968 

b) measurements of the test meter's spatial response, weighted with appropriate multipliers 969 
which characterize the meter's dependence on oblique incidence (angle dependence), on 970 
the test meter's reference plane. The spatial response should be measured with a beam 971 
diameter equal to the length of the square. 972 

Active area of optical 
reference plane 
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The change of response upon changing the beam parameters can then be evaluated on the 973 
basis of modelling the necessary measurement results, by multiplying the (spatial) power 974 
levels with the spatial responses and adding all products. Note that the spatial responses are 975 
usually wavelength-dependent. 976 

6.3.5.1 Measurement of the fibre dependence 977 

In the test of fibre-related uncertainties, multimode fibres under test should be slightly 978 
underfilled (see 5.2). The fibres should be terminated by the connector-adapter combination 979 
defined by the calibration conditions. Both the connector and the adapter should exhibit a low 980 
reflectivity, so that multiple reflections between the connector-adapter combination and the 981 
detector do not influence the measurement results. The spectral bandwidth of the source 982 
should be narrow enough to avoid averaging over a wide range of wavelengths. 983 

Step 1: the output of the reference fibre is measured with both the working standard and the 984 
test meter, and the difference is (mathematically) adjusted to zero. 985 

Step 2: the above procedure is applied to: 986 

a) a standard single-mode fibre as defined by IEC 60793-2, and 987 

b) the (specified) fibre with the largest core diameter, the fibre with the largest 988 
numerical aperture or both. 989 

The intention of the test is to measure the dependence of the test meter on the type of fibre 990 
and on the mode volume. The largest relative change of response against step 1 (positive and 991 
negative) should be used to determine the fibre-related uncertainty. The uncertainty shall also 992 
include the uncertainty in measuring the fibre outputs with the working standard, caused for 993 
example by the effects of non-uniformity, beam divergence and multiple reflections on the 994 
working standard. 995 

In these measurements, a significant type A uncertainty may be caused by "speckles", in 996 
conjunction with the non-uniformity of the optical input port. Speckles are irregular irradiance 997 
distributions caused by interference between different modes in a multimode fibre. This effect 998 
occurs particularly when the fibre is excited by the (highly coherent) radiation from a laser 999 
diode. This uncertainty can be reduced by averaging a series of measurement results, in which 1000 
each sample is taken after a slight movement of the fibre. Fibre movement will change the 1001 
speckle pattern. Note this may be accompanied by a change of the total radiant power, 1002 
because of a change of the reflected power and the laser diode sensitivity to reflected power.  1003 

Speckles do not exist in single-mode fibres when the exciting wavelength is sufficiently longer 1004 
than the fibre's cut-off wavelength. Another possibility of eliminating the speckle pattern is 1005 
using a less coherent source, such as a filtered LED or a filtered "white" radiation source. 1006 

6.3.5.2 Measurement of open-beam dependence 1007 

Similar to measuring the fibre dependence, the dependence on the spot diameter (3.31) and 1008 
the numerical aperture (3.17) of an open beam can be evaluated by comparison with a working 1009 
standard that exhibits a uniform large area detector and negligible angle dependence.  1010 

To address the problem of combined dependence on spot diameter and numerical aperture, it 1011 
may be sufficient to evaluate: 1012 

a) the relative change of response (against the response at calibration conditions) due to 1013 
excitation with the specified smallest spot diameter – smallest numerical aperture; and  1014 

b) the relative change of response due to excitation with the specified largest spot diameter- 1015 
largest numerical aperture. 1016 
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6.3.6 Dependence on the connector-adapter combination 1017 

This subclause discusses the test meter's dependence on multiple reflections between the 1018 
optical input port and the radiation source (for example an optical connector or other 1019 
mechanical parts in the beam path between the source and the optical input port). Note that the 1020 
reflections may be specular or diffuse.  1021 

The relative change of response should be measured with the help of a working standard that 1022 
exhibits negligible angle-dependence and surface reflections. The fibre should be the one of 1023 
the calibration conditions. It is advisable to hold the fibre end in place during the measurement, 1024 
in order to avoid any bending-induced changes of the power level. 1025 

Step 1: the reference beam geometry (respectively the reference fibre), together with the 1026 
reference connector-adapter combination, is measured with both the working standard 1027 
and the test meter, and the difference is (mathematically) adjusted to zero. 1028 

Step 2: the above procedure is applied to all specified connector-adapter combinations, by 1029 
repeating each connection several times to reduce type A uncertainties. The largest 1030 
relative change of response against step 1 (positive and negative) should be used to 1031 
determine the uncertainty. The uncertainty shall also include the type B uncertainty in 1032 
measuring the various combinations with the working standard, caused for example by 1033 
multiple reflections on the working standard. 1034 

Referring to the last paragraph of 6.3.1, it also may be necessary to measure the dependence 1035 
with the highest-order fibre, as listed in 6.3.5.1. A high-order fibre will create a larger image on 1036 
the optical reference plane, and therefore make limitations in the positioning accuracy more 1037 
obvious. In this case, an increased dependence should be recorded. 1038 

6.3.7 Dependence on wavelength  1039 

The relative change of spectral response against the response at the calibration wavelength 1040 
should be measured. These measurements will normally be carried out using a spectrally 1041 
continuous source imaged through a spectrally discriminating instrument, for example a 1042 
monochromator or a number of spectral filters. The stray light, that is light not at the selected 1043 
wavelength, should be evaluated, in order to ensure accurate measurement results. The 1044 
centroidal wavelength(s) and the spectral bandwidth(s) should also be measured. The 1045 
bandwidth should be narrow, because a wide bandwidth in conjunction with a strong curvature 1046 
of the test meter's wavelength dependence is capable of producing erroneous measurement 1047 
results. Note that extremely narrow spectral bandwidth may cause optical interference 1048 
problems, that is comb-like wavelength dependence, when the beam path contains one or 1049 
more optical resonators. 1050 

The beam geometry should be one of the calibration conditions. It may be possible to 1051 
substitute a fibre beam using a combination of lenses and apertures. In this case, care should 1052 
be taken to match the irradiated spot diameter and position on the optical reference plane with 1053 
those achieved using a fibre input. Care should also be taken to ensure that back reflections 1054 
from the optical input port do not add uncertainties to the measurement results. 1055 

The measurement should be carried out by direct comparison with a working standard by using 1056 
the substitution technique. The working standard should have been calibrated for relative 1057 
spectral response. 1058 

Because of the relatively low power levels in these measurements, zero adjustment of both 1059 
power meters is essential. If the instrument comprises means of correction, for example a 1060 
calibration curve or a table stored in a memory, the relative change of response from the 1061 
corrected response has to be measured. 1062 

Changing the temperature may strongly influence the wavelength-dependence. For example, 1063 
the wavelength-dependence of a germanium photodiode at 1 550 nm is much stronger at 0 °C 1064 
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than at room temperature. In general, the wavelength uncertainty shall be calculated on the 1065 
basis of the largest wavelength-dependence, in this case the one at 0 °C. 1066 

6.3.7.1 Dependence on wavelength due to Fabry-Perot type 1067 
interference 1068 

When using a narrow spectral bandwidth laser (B << 1 nm), the spectral response can 1069 
sometimes vary rapidly with respect with wavelength as depicted in Figure 7. This is usually 1070 
caused by Fabry-Perot cavity(ies) in the optical path to the detector. Fabry-Perot cavities can 1071 
occur between the two faces of the window in the detector cap, between one face of the 1072 
window and the detector itself, or, if a fibre is used, between the end of the fibre and any of the 1073 
other surfaces. 1074 
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Figure 7 − Wavelength dependence of response due to Fabry-Perot type interference 1076 

In Figure 7, the peak-to-peak variation reaches ∆dB = 0,2 dB (∆% = 4,6 %) which is very 1077 
important. The standard uncertainty due to optical interference is the standard deviation of the 1078 
sine pattern.  1079 

 %6,1
22

1 %
int =×=

∆u  (36) 1080 

6.3.8 Dependence on spectral bandwidth 1081 

This dependence increases with the curvature of the detector's wavelength dependence. The 1082 
relative change of response as a function of the spectral bandwidth of the source has to be 1083 
tested within the specified range of spectral bandwidths. A monochromator can be used to 1084 
generate a variable spectral bandwidth; the actual power level should be measured with a 1085 
working standard with negligible wavelength-dependence. The spectral-bandwidth dependence 1086 
can also be evaluated by mathematical analysis, based on the known spectral response of the 1087 
test meter and on the known spectral characteristics of the source. 1088 

6.3.9 Dependence on polarization 1089 

A method of evaluation of the polarization dependent response (3.22) of the test meter is to 1090 
measure the response of the meter multiple times at different states of polarization. A stable 1091 
light source polarized to nearly 100 % should be used, otherwise use a polarizer after the 1092 
source as shown in Figure 8. A polarization controller is used to convert the fixed input 1093 
polarization state to all possible output states. 1094 

IEC   1832/05 
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 1095 

Figure 8 – Measurement setup of polarization dependent response 1096 

The source power instability and the loss variation of the polarization controller should be far 1097 
smaller than the polarization dependence of the test meter. This should be verified by replacing 1098 
the test meter with a detector with very low polarisation dependent response.  1099 

NOTE The laser sources may react with unstable power when light with varying polarization state is back-1100 
reflected; therefore, an attenuator or isolator may have to be inserted between the source and the polarization 1101 
controller.  1102 

Another PDR measurement method, the matrix method, can be adapted from the polarization 1103 
dependent loss (PDL) measurement method in IEC 61300-3-12, as described in [3]. 1104 

6.3.10 Other dependences 1105 

Depending on the type of test meter, there may be dependences on other parameters. These 1106 
should also be characterized as relative changes of response against the response at the 1107 
calibration conditions.  1108 

One example may be including intensity-modulated optical signals into the operating 1109 
conditions, in the form of specifying a range of modulation frequencies and duty cycles, and 1110 
evaluating the type B uncertainty due to the modulation. Be aware that extreme duty cycles are 1111 
capable of saturating the detector, the electronics or both. 1112 

7 Nonlinearity calibration 1113 

7.1 General 1114 

The nonlinearity (3.16) of the power meter should be calibrated to ensure accurate 1115 
measurements at power levels away from the calibration level and for relative measurements 1116 
such as loss and gain measurements. The calibration should be made by increasing and 1117 
decreasing the power level to detect nonlinearities at the boundaries of each amplifier range or, 1118 
whenever possible, to include measurement results at both sides of each range boundaries, in 1119 
order to include nonlinearities at these boundaries. Be aware that the detector nonlinearity is 1120 
dependent on the wavelength. As an example, an InGaAs detector that is linear at 1 310 nm 1121 
and 1 550 nm may be nonlinear at 850 nm.  1122 

Several methods are possible. The superposition method is the reference method, as it is the 1123 
most accurate and does not require a reference standard (self-calibrating method). However, 1124 
the used power steps of 2 (about 3 dB) might be too large to detect nonlinearities that might 1125 
appear at amplifier range boundaries. This limitation may be avoided by starting the calibration 1126 
from several reference powers, or by taking separate measurements of the same power level 1127 
on both sides of the amplifier range boundaries. 1128 

All methods use sources with selectable power level, for example (stabilized) laser diode 1129 
sources and variable attenuators. The generated power levels should cover the specified 1130 
measuring range (3.13). During the test, the maximum permissible irradiance of the input port 1131 
should be defined by the optical power at the upper end of the measuring range and by single-1132 
mode fibre excitation.  1133 
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The power level saturating the detector is dependent on the beam geometry. A small spot 1134 
diameter may saturate the detector at lower power than a larger spot diameter. 1135 

NOTE Extreme ambient temperatures may increase the nonlinearity. Referring to the statement on "dependence 1136 
on more than one operating condition" in 6.3, it may be necessary to additionally measure the nonlinearity at the 1137 
extremes of the operating temperature range, and to record an increased uncertainty at operating conditions. 1138 

7.2 Nonlinearity calibration based on superposition 1139 

Highly accurate nonlinearity calibration is possible with the superposition method (also known 1140 
as the addition method) [4-5]. A “fibred” version of the open-beam double aperture method [6-1141 
7] may be used with single-mode fibres. A possible setup is illustrated in Figure 9. The power is 1142 
split into two different paths where shutters are located and then recombined on the power 1143 
meter under test. 1144 
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 1145 

Figure 9 – Nonlinearity calibration based on superposition 1146 

Stable, optically-isolated (to reduce sensitivity to reflections) DFB lasers can be used, provided 1147 
that the linewidth is broadened to yield an optimized coherence, as with the procedure for the 1148 
absolute calibration. The two paths of the setup should have different lengths (around 100 m 1149 
for DFB lasers) to avoid (Mach-Zehnder-type) interference fluctuations, and unused branches 1150 
of branching devices shall be terminated. The drawback of this method is its higher insertion 1151 
loss: typically around 1,5 dB for the first attenuator, 0,5 dB for the first branching device, 1,5 dB 1152 
for the second attenuators and about 3,5 dB for the combining branching device for a total of 1153 
about 7 dB. For higher power measurements, an optional optical amplifier (like an EDFA for the 1154 
1,55 µm band) can be inserted between the source and the first attenuator. 1155 

7.2.1 Procedure 1156 

(1) Set the attenuators in the two paths so that the power measured on the meter is the same 1157 
when light is coming from one path or from the other path. 1158 

(2) Open both shutters and measure the total power from both paths simultaneously: Pab,i. 1159 

(3) Close the shutter on path b and measure the power from the path a: Pa,i. 1160 

(4) Close the shutter on path a, open the shutter on path b and measure the power from the 1161 
path b: Pb,i. 1162 

(5) If the sum of the individual powers is not equal to the total power, there is a nonlinearity:  1163 

 
ib,ia,

iab,
10i log10

PP
P

NL
+

×=  (dB)  (37) 1164 

(6) Using the first attenuator, attenuate the total power by a factor 2 (10 log10 2 ≅ 3,01 dB) to 1165 
the level of the individual powers of the preceding step. 1166 
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(7) Repeat steps (2) to (6) through all the desired range. 1167 

(8) At the end, the global nonlinearity is the sum of all the local nonlinearities expressed in 1168 
decibels (dB), starting calculations from the reference power level where the nonlinearity is 1169 
zero (higher order terms are neglected).  1170 

 ∑
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where 1174 

n < 0  indicates power levels lower than the reference power; 1175 

n > 0  indicates power levels higher than the reference power; 1176 

NLi  is the local nonlinearity for the ith step (i = 0 for the step where Pab is the reference 1177 
power). 1178 

The result is a list of global nonlinearities for the whole power range in steps of 3,01 dB: 1179 

Table 2 – Nonlinearity 1180 

i Pa,i 
(W) 

Pb,i 
(W) 

Pa,i + Pb,i 
(W) 

Pab,i 
(W) 

NLi 
(dB) 

NLglobal(Pab,i) 
(dB) 

2     NL2 NL1 + NL2 

1     NL1 NL1 

0    P0 NL0 0 

-1     NL–1 –NL0 

-2     NL–2 –NL0 – NL–1 

 1181 

The largest nonlinearity relative to the reference power is: 1182 

 NLmax = ±max(|NLglobal|) (dB) (39) 1183 

This result of the nonlinearity calibration can be included in the test meter’s calibration 1184 
certificate or calibration report described in 5.5. If desired, NLmax may be separately reported 1185 
together with its applicable uncertainty as calculated in the next subclause. 1186 

7.2.2 Uncertainties 1187 

Typical possible uncertainties of this method include all possible power fluctuations during a 1188 
set of the three measurements such as source fluctuations due to drifts or sensitivity to 1189 
changing reflections, instabilities due to interference if the coherence length of the laser is too 1190 
large, polarization sensitivity and resolution of the power meter. These errors for each step are 1191 
cumulative and will add to the errors of the preceding steps.  1192 

Another uncertainty is the inequivalence between the individual powers of each step and also 1193 
with the total power of the next step. If the individual powers are not properly balanced, the 1194 
result will not be reliable. For this last reason, the use of the optional attenuator in each path is 1195 
recommended, as showed in Figure 9 (the shutter is usually included in the attenuator). They 1196 
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allow the power in each path to be balanced at the beginning of the measurements. Another 1197 
version of the setup uses this approach, but employs two separate laser sources directly 1198 
connected to the second and third attenuators respectively. It has the advantage to start 1199 
measurements at higher powers but it requires communication with the test meter to adjust the 1200 
attenuators at each step. 1201 

Calculate first the combined standard uncertainty for the local nonlinearity (one step) u(NLi) by 1202 
root-sum-squaring all relevant standard uncertainty contribution. Then calculate the standard 1203 
uncertainty of the global nonlinearity with: 1204 

 )()( iglobal NLunNLu ×=  (dB) (40) 1205 

where n is the number of 3,01 dB steps counted from the reference level. 1206 

7.3 Nonlinearity calibration based on comparison with a calibrated power meter 1207 

One possible measurement method is direct comparison of the test meter with a reference 1208 
meter by using the substitution technique. The reference meter is used to determine the output 1209 
power. Then the reference meter is replaced by the test meter. The measurement results of 1210 
both meters are recorded. In this case, errors can be due to the repeatability of the attenuator, 1211 
its PDL, the source power stability and the nonlinearity of the reference meter. The nonlinearity 1212 
of the reference meter should have been calibrated using a more accurate method.  1213 

It is advisable to repeat the measurements with the working standard to check for drifts in the 1214 
measurement. In order to extend the measurements to low power levels it is recommended that 1215 
the reference meter incorporates a low noise detector. 1216 

Instead of the substitution, simultaneous excitation of both the standard and the test meter, 1217 
with the help of an appropriate beam splitter or branching device is also possible. A beam 1218 
splitter/branching device with an asymmetric ratio, or the use of a second attenuator, will allow 1219 
an extension of the dynamic range of the measurement into both directions. The dependence 1220 
of the ratio to the power level and polarization has to be investigated. 1221 

 

Power meter 
under test 

 

Reference 
power meter 

 

dB 

Attenuator 
(optional) 

 

dB 

Attenuator 
Branching 

device 
(optional) 

 
 

Source 

S 

IEC   1835/05  1222 

Figure 10 – Measurement setup for nonlinearity calibration by comparison 1223 

7.3.1 Procedure 1224 

(1) Set the desired reference power with the help of the first attenuator. 1225 

(2) Measure the radiant power with the reference meter Pref,0 and with the test meter PDUT,0 . 1226 

(3) Increase (or decrease) the power with the help of the first attenuator and record the power 1227 
measured with the reference meter Pref,i and with the test meter PDUT,i .  1228 
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(4) Calculate the nonlinearity: 1229 

 
ref,0

ref,i
10

DUT,0

DUT,i
10i log10log10

P
P

P
P

NL ×−×=  (dB) (41) 1230 

(5) Repeat steps (3) to (4) to cover the measurement range. 1231 

7.3.2 Uncertainties 1232 

Possible sources of measurement uncertainties are given in the following list, it may not be 1233 
complete. Additional contributions may have to be taken into account, depending on the 1234 
measurement setup and procedure. The mathematical basis, Annex A, should be used to 1235 
calculate and state the uncertainties. 1236 

a) nonlinearity of the linearity standard (usually calibrated by the superposition method); 1237 

b) source instability (back-reflections may cause source instability); 1238 

c) optical interference (the coherence length of the source should be smaller than the 1239 
distance between reflection points); 1240 

d) polarization dependence of the components; 1241 

e) resolution of the test meter; 1242 

f) stability of the ratio of the beam splitter or the branching device if used; 1243 

g) depending on the procedure, the repeatability of the attenuator. 1244 

7.4 Nonlinearity calibration based on comparison with an attenuator 1245 

The simplest but least accurate method to measure the nonlinearity, is based on varying the 1246 
power level with a calibrated attenuator. The traceability chain (3.34) of the attenuator shall be 1247 
determined. Care shall be taken in the calculation of the uncertainty since the calibration of the 1248 
attenuator is itself based on the linearity of a calibrated power meter. This method does not 1249 
require a second power meter; instead, the reference power levels can then be calculated with 1250 
the known attenuation of the attenuator. The main errors arise from the nonlinearity of the 1251 
variable attenuator, its PDL in the case of single-mode fibres and the source power stability. Be 1252 
also aware of the attenuator's repeatability and wavelength-dependence. This method is 1253 
nevertheless useful when high accuracy is not necessary because it is simple and because the 1254 
low insertion loss (only the loss of the attenuator) permits to measure at higher power than 1255 
other methods (up to the maximum input power at which the attenuator remains linear). 1256 

7.5 Calibration of power meter for high power measurement 1257 

Most photoelectric detectors become nonlinear above an optical power of about 10 mW. 1258 
Sensors designed to measure power at higher power usually incorporate an attenuator in front 1259 
of the detector. 1260 

Absolute power calibration at high power [8] is not available widely. When not possible, it is 1261 
then necessary to calibrate the nonlinearity of the power meter up to high power. In this 1262 
context, high power is defined as powers greater than 10 mW. It is not straightforward to use 1263 
the same setup as described in the previous clauses since several components may exhibit 1264 
nonlinear effects. The behaviour at high power of all elements in the calibration setup 1265 
(connectors, attenuators, branching devices, etc.) should be investigated. The superposition 1266 
method is the preferred method, since it does not rely on a reference standard, but notice that 1267 
the use of a long length of fibre in one path of the superposition system is not desirable at high 1268 
powers due to the possibility of nonlinear effects causing apparent nonlinearity of the power 1269 
meter.  1270 
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Annex A 1271 

(normative) 1272 

 1273 

Mathematical basis for measurement uncertainty calculations 1274 

 1275 

A.1 General 1276 

This annex summaries the form of evaluating, combining and reporting the uncertainty of 1277 
measurement. It is based on the "Guide to the expression of uncertainty in measurement” 1278 
(GUM). It does not relieve the need to consult this guide for more advice. 1279 

This standard distinguishes two types of evaluation of uncertainty of measurement. Type A is 1280 
the method of evaluation of uncertainty by the statistical analysis of a series of measurements 1281 
on the same measurand. Type B is the method of evaluation of uncertainty based on other 1282 
knowledge. 1283 

A.2 Type A evaluation of uncertainty 1284 

The type A evaluation of standard uncertainty can be applied when several independent 1285 
observations have been made for a quantity under the same conditions of measurement.  1286 

For a quantity X estimated from n independent repeated observations Xk, the arithmetic mean 1287 
is: 1288 

 ∑
=

=
n

k
X

n
X

1
k

1  (A.1) 1289 

This mean is used as the estimate of the quantity, that is x = X . The experimental standard 1290 
deviation of the observations is given by: 1291 
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Xs  (A.2) 1292 

where: 1293 

X  is the arithmetic mean of the observed values; 1294 

Xk are the measurement samples of a series of measurements; 1295 

n is the number of measurements; it is assumed to be large, for example, n ≥ 10. 1296 

The type A standard uncertainty utypeA(x) associated with the estimate x is the experimental 1297 
standard deviation of the mean: 1298 

  
n
XsXsxu )()()(typeA ==  (A.3) 1299 
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A.3 Type B evaluation of uncertainty 1300 

The type B evaluation of standard uncertainty is the method of evaluating the uncertainty by 1301 
means other than the statistical analysis of a series of observations. It is evaluated by scientific 1302 
judgement based on all available information on the variability of the quantity. 1303 

If the estimate x of a quantity X is taken from a manufacturer’s specification, calibration 1304 
certificate, handbook, or other source and its quoted uncertainty U(x) is stated to be a multiple 1305 
k of a standard deviation, the standard uncertainty u(x) is simply the quoted value divided by 1306 
the multiplier. 1307 

 u(x) = U(x) / k (A.4) 1308 

If only upper and lower limit Xmax and Xmin can be estimated for the value of the quantity X, a 1309 
rectangular probability distribution is assumed. 1310 

The standard uncertainty is 1311 

 
( )

3

,
)(

minmax MAX
xXxX

xu
−−

=  (A.5) 1312 

The contribution to the standard uncertainty associated with the output estimate y resulting 1313 
from the standard uncertainty associated with the input estimate x is 1314 

 u(y) = c x u(x) (A.6) 1315 

where c is the sensitivity coefficient associated with the input estimate x, that is the partial 1316 
derivative of the model function y(x), evaluated at the input estimate x. 1317 

 
x
yc
∂
∂

=  (A.7) 1318 

The sensitivity coefficient c describes the extent to which the output estimate y is influenced by 1319 
variations of the input estimate x. It can be evaluated by Equation (A.7) or by using numerical 1320 
methods, that is by calculating the change in the output estimate y due to a change in the input 1321 
estimate x from a model function. Sometimes it may be more appropriate to find the change in 1322 
the output estimate y due to the change of x from an experiment. 1323 

A.4  Determining the combined standard uncertainty 1324 

The combined standard uncertainty is used to collect a number of individual uncertainties into a 1325 
single number. The combined standard uncertainty is based on statistical independence of the 1326 
individual uncertainties; it is calculated by root-sum-squaring all standard uncertainties 1327 
obtained from type A and type B evaluation: 1328 

 ∑
=

=
n

i
i yuyu

1

2
c )()(  (A.8) 1329 

where 1330 

i  is the current number of individual contribution; 1331 
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ui(y) are the standard uncertainty contributions; 1332 

n  is the number of uncertainties. 1333 

NOTE It is acceptable to neglect uncertainty contributions to this equation that are smaller than 1/10 of the largest 1334 
contribution, because squaring them will reduce their significance to 1/100 of the largest contribution. 1335 

When the quantities above are to be used as the basis for further uncertainty computations, 1336 
then the combined standard uncertainty, uc, can be re-inserted into Equation (A.8). Despite its 1337 
partially type A origin, uc should be considered as describing an uncertainty of type B. 1338 

A.5  Reporting 1339 

In calibration reports and technical data sheets, combined standard uncertainties shall be 1340 
reported in the form of expanded uncertainties, together with the applicable level of confidence. 1341 
Correction factors or deviations shall be reported. The expanded uncertainty U is obtained by 1342 
multiplying the standard uncertainty uc(y) by a coverage factor k: 1343 

 U = k x uc(y) (A.9) 1344 

For a level of confidence of approximately 95 %, the default level, then k = 2. If a level of 1345 
confidence of approximately 99 % is chosen, then k = 3. The above values for k are valid under 1346 
some conditions, see GUM; if these conditions are not met, larger coverage factors are to be 1347 
used to reach these levels of confidence. 1348 
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Annex B 1349 

(informative) 1350 

 1351 

Linear to dB scale conversion of uncertainties 1352 

 1353 

B.1 Definition of decibel 1354 

The decibel is a submultiple of the bel (1 dB = 0,1 B). This unit is used to express values of 1355 
power level on a logarithmic scale. The power level is always relative to a reference power P0:  1356 

 ( )dBlog10
0

10/ 0 



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


×=

P
PL PP  (B.1) 1357 

where P and P0 are expressed in the same linear units. 1358 

B.2 Conversion of relative uncertainties 1359 

Similar to the previous definition, relative uncertainties, U l in, or relative deviations, can be 1360 
expressed in decibels: 1361 

 ( )%10dB 1log10 UU +×=  (B.2) 1362 

Reciprocally, Ul in can be expressed in % using: 1363 
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For small values of Ul in, the first term of the applicable Taylor series can be used. Having:  1365 
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that leads to: 1367 
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and two useful expressions: 1369 

 dBlinlindB 23,034,4 UUUU ×≈⇔×≈  (B.6) 1370 

1371 
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 54 

FOREWORD 55 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 56 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 57 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 58 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 59 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 60 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 61 
in the subject dealt with may participate in this preparatory work. International, governmental and non-62 
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 63 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 64 
agreement between the two organizations. 65 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 66 
consensus of opinion on the relevant subjects since each technical committee has representation from all 67 
interested IEC National Committees.  68 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 69 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 70 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 71 
misinterpretation by any end user. 72 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 73 
transparently to the maximum extent possible in their national and regional publications. Any divergence 74 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 75 
the latter. 76 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 77 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 78 
services carried out by independent certification bodies. 79 

6) All users should ensure that they have the latest edition of this publication. 80 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 81 
members of its technical committees and IEC National Committees for any personal injury, property damage or 82 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 83 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 84 
Publications.  85 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 86 
indispensable for the correct application of this publication. 87 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 88 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 89 

International Standard IEC 62129-3 has been prepared by IEC technical committee 86: Fibre 90 
optics. 91 

The text of this standard is based on the technical specification IEC TS 62129-3. 92 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 93 

A list of all parts in the IEC 62129 series, published under the general title Calibration of 94 
wavelength/optical frequency measurements instruments, can be found on the IEC website. 95 
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the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 97 
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• transformed into an International standard, 99 

• reconfirmed, 100 

• withdrawn, 101 

• replaced by a revised edition, or 102 

• amended. 103 
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A bilingual version of this publication may be issued at a later date. 105 

 106 

The National Committees are requested to note that for this publication the stability date 107 
is 2020. 108 
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DELETED AT THE PUBLICATION STAGE. 110 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 115 

It is essential for realizing fibre optic systems that optical channels are defined in the optical 116 
frequency domain, not the wavelength domain. One example: the anchor frequency of the 117 
ITU-T grid is 193,1 THz, and the channel spacings of the ITU-T grid are 12,5 GHz, 25 GHz, 118 
50 GHz, and 100 GHz [1] 1. 119 

ITU-T has also discussed λ-interface systems such as “black link” [2]. “Black link” includes 120 
WDM MUX/DEMUX and a transmission fibre, and provides λ-interfaces. Especially in DWDM 121 
systems (channel spacing <100 GHz), the uncertainty in specifying optical frequency needs to 122 
be minimized. 123 

To implement future telecom systems, it is expected that optical frequency measurements will 124 
need to be extremely precise. For example, to achieve the channel spacing of 25 GHz, signal 125 
optical frequency uncertainty (Ufsig) and required measurement uncertainty (Ufmeas) need to 126 
be 2 GHz to 200 MHz (Ufsig / f = 10–5 to 10–6) and 200 MHz to 2 MHz (Ufmeas / f = 10–6 to  127 
10–8), respectively. Unfortunately, conventional wavelength meters have measurement 128 
uncertainties of 10–6 to 10–7. The solution is to use optical frequency measurements since 129 
measurement uncertainties can be as small as 10–9, which satisfies the above telecom 130 
requirement (Ufmeas / f = 10–6 to 10–8).  Therefore, an optical frequency measurement scheme 131 
is necessary for the calibration of future telecom systems. 132 

The frequency meter to calibrate with the procedure described in this international standard is 133 
the measurement equipment internally utilizing optical frequency comb. In Annex A, the 134 
mathematical basis for the uncertainty of measurement is described.  The measurement 135 
procedure of the frequency with the frequency meter utilizing optical frequency comb is shown 136 
in Annex B and the uncertainty depending on the frequency is shown in Annex C. Additionally, 137 
the example of the optical frequency comb sources are shown in Annex D.   138 

This international standard defines all of the steps involved in the calibration process of the frequency 139 
measuring with the optical frequency meter internally utilizing optical frequency comb: establishing the 140 
calibration conditions, carrying out the calibration, calculating the uncertainty, and reporting the 141 
uncertainty, the calibration conditions and the traceability. 142 

 143 

                                                      
1 Numbers between square brackets refer to the Bibliography. 
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CALIBRATION OF WAVELENGTH/ 144 

OPTICAL FREQUENCY MEASUREMENT INSTRUMENTS – 145 

 146 

Part 3: Optical frequency meters internally referenced to a frequency 147 

comb 148 

 149 

1 Scope 150 

This part of IEC 62129 describes the calibration of optical frequency meters. It is applicable to 151 
instruments measuring the optical frequency emitted from sources that are typical for the 152 
fibre-optic communications industry. It is assumed that the optical radiation will be coupled to 153 
the optical frequency meter by a single-mode optical fibre. 154 

2 Normative references 155 

The following documents are referred to in the text in such a way that some or all of their 156 
content constitutes requirements of this document. For dated references, only the edition 157 
cited applies. For undated references, the latest edition of the referenced document (including 158 
any amendments) applies. 159 

IEC 60793-2-50, Optical fibres – Part 2-50: Product specifications – Sectional specification for 160 
class B single-mode fibres 161 

IEC 60825-1, Safety of laser products – Part 1: Equipment classification and requirements 162 

IEC 60825-2, Safety of laser products – Part 2: Safety of optical fibre communication systems 163 
(OFCS) 164 

IEC TR 61931, Fibre optic – Terminology 165 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement – Part 3: Guide to the expression of 166 
uncertainty in measurement (GUM:1995) 167 

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration 168 
laboratories 169 

3 Terms and definitions 170 

For the purposes of this document, the terms and definitions contained in IEC TR 61931, as 171 
well as the following terms and definitions, apply. 172 

ISO and IEC maintain terminological databases for use in standardization at the following 173 
addresses: 174 

• IEC Electropedia: available at http://www.electropedia.org/  175 

• ISO Online browsing platform: available at http://www.iso.org/obp 176 

3.1  177 
accredited calibration laboratory 178 
calibration laboratory authorized by the appropriate national organization to issue calibration 179 
certificates with a minimum specified uncertainty, which demonstrate traceability to national 180 
measurement standards 181 

http://www.electropedia.org/
http://www.iso.org/obp
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3.2   182 
calibration 183 
set of operations that establish, under specified conditions, the relationship between the 184 
values of quantities indicated by a measuring instrument and the corresponding values 185 
realized by measurement standards 186 

Note 1 to entry: The result of a calibration permits either the assignment of values of measurands to the 187 
indications or the determination of corrections with respect to indications. 188 

Note 2 to entry: A calibration may also determine other metrological properties such as the effect of influence 189 
quantities. 190 

Note 3 to entry: The result of a calibration may be recorded in a document, sometimes called a calibration 191 
certificate or a calibration report. 192 

[SOURCE: ISO/IEC Guide 99:2007, 2.39, modified – only the first part of the definition is used] 193 
[3] 194 

3.3  195 
national (measurement) standard 196 
measurement standard recognized by a national decision to serve, in a country, as the basis 197 
for assigning values to other measurement standards of the quantity concerned 198 

[Related to ISO/IEC Guide 99:2007, 5.3] 199 

3.4   200 
national standards laboratory 201 
laboratory which maintains the national measurement standard 202 

3.5  203 
reference standard 204 
measurement standard, generally having the highest metrological quality available at a given 205 
location or in a given organization, from which measurements made there are derived 206 

[Related to ISO/IEC Guide 99:2007, 5.6] 207 

3.6  208 
traceability 209 
property of the result of a measurement or the value of a measurement standard whereby it 210 
can be related to stated references, usually national or international measurement standards, 211 
through an unbroken chain of comparisons all having stated uncertainties 212 

[Related to ISO/IEC Guide 99:2007, 2.41] 213 

3.7   214 
traceability chain  215 
unbroken chain of comparison 216 

[Related to ISO/IEC Guide 99:2007, 2.42] 217 

3.8  218 
working standard  219 
measurement standard that is used routinely to calibrate or check measuring instruments  220 

Note 1 to entry: A working standard is usually calibrated against a reference standard. 221 

[Related to ISO/IEC Guide 99:2007, 5.7]. 222 
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4 Calibration test requirements 223 

4.1 Preparation 224 

The following recommendations apply. 225 

The calibration laboratory should satisfy requirements of ISO/IEC 17025.  226 

There should be a documented measurement procedure for each type of calibration 227 
performed, giving step-by-step operating instructions and equipment to be used. 228 

The environmental conditions shall be commensurate with the degree of uncertainty that is 229 
required for calibration: 230 

a) the environment shall be clean; 231 

b) temperature monitoring and control is required;  232 

c) all laser sources shall be safely operated (refer to IEC 60825-1 and IEC 60825-2). 233 

Perform all tests at an ambient room temperature of 23 °C ± 3 °C with a relative humidity of 234 
(50 ± 20) % unless otherwise specified. Give the test equipment a minimum of 2 h prior to 235 
testing to reach equilibrium with its environment. Allow the optical frequency meter a warm-up 236 
period in accordance with the manufacturer’s instructions. 237 

4.2 Reference test conditions  238 

The reference test conditions usually include the following parameters and, if necessary, their 239 
tolerance bands: date, temperature, relative humidity, displayed power level, displayed optical 240 
frequency, fibre, connector-adapter combination, (spectral) bandwidth and resolution 241 
bandwidth (spectral resolution) set. Unless otherwise specified, use a single-mode optical 242 
fibre input pigtail as prescribed by IEC 60793-2-50, having a length of at least 2 m. 243 

Operate the optical frequency meter in accordance with the manufacturer’s specifications and 244 
operating procedures. Where practical, select a range of test conditions and parameters 245 
which emulate the actual field operating conditions of the optical frequency meter under test. 246 
Choose these parameters so as to optimize the optical frequency meter’s uncertainties, as 247 
specified by the manufacturer’s operating procedures. 248 

NOTE The calibration results only apply to the set of test conditions used in the calibration process. 249 

4.3 Traceability 250 

The requirements of ISO/IEC 17025 should be met. 251 

Make sure that any test equipment which has a significant influence on the calibration results 252 
is calibrated. Upon request, specify this test equipment and its calibration chain(s). The 253 
recalibration period(s) shall be defined and documented. 254 

5 Optical frequency calibration 255 

5.1 Establishing the calibration conditions 256 

Establishing and maintaining the calibration conditions is an important part of the calibration, 257 
because any change of these conditions is capable of producing erroneous measurement 258 
results. The calibration conditions should be a close approximation to the intended operating 259 
conditions. This ensures that the (additional) uncertainty in the operating environment is as 260 
small as possible. The calibration conditions should be specified in the form of nominal values 261 
with uncertainties when applicable. In order to meet the requirements of this standard, the 262 
calibration conditions shall at least consist of: 263 

IEC   0578/14 
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a) date of calibration; 264 

b) ambient temperature, with uncertainty, for example 23 °C ± 3 °C. The temperature may 265 
need to be monitored continuously to ensure that it remains within the prescribed limits; 266 

c) ambient relative humidity, for example 30 % – 70 %. The ambient relative humidity may 267 
need to be monitored continuously to ensure that it remains within the prescribed limits. A 268 
relative humidity below the condensation point is assumed by default;  269 

d) input optical power (that has to fall within the allowable specification for the optical 270 
frequency meters); 271 

e) if a transition locked source is used, then the quality of the lock shall be continuously 272 
monitored during the measurements; a lock indicator can be sufficient.  273 

The above conditions may not be exhaustive. There may be other parameters that have a 274 
significant influence on the measurement uncertainty and therefore should be reported, too. 275 

5.2 Calibration procedure 276 

5.2.1 General 277 

The main steps of the calibration procedure are as follows: 278 

a) establish and record the appropriate measurement conditions (see 5.1 a)~c)). Switch on 279 
all instrumentation and wait for enough time to stabilize; 280 

b) set up the reference source with condition 5.2 d);  281 

c) set up the instrument state of the test optical frequency meter according to the instruction 282 
manual. Select appropriate units; 283 

d) record the instrument states of the optical frequency meter. 284 

5.2.2 Measurement configuration 285 

For calibration laboratories, a stabilized laser can be utilized as a reference source.  286 

Figure 1 shows the configuration using the reference source. The temperature of the 287 
environment is monitored.  288 

 289 

Figure 1 – Optical frequency meter measurement using a reference source 290 

Figure 2 shows the configuration using a reference optical frequency meter.   291 

It is necessary that the measurements be performed simultaneously on both the reference 292 
and the test optical frequency meters. 293 
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 294 

1 – Optical frequency meter measurement using a reference optical frequency meter 295 

5.2.3 Detailed procedure 296 

Typically, 50 samples (n) are taken per measurement unless otherwise defined in the relevant 297 
specification.  298 

The measurement process is as follows: 299 

a) allow the equipment to reach equilibrium; 300 

b) configure the data acquisition software; 301 

c) ensure that the optical source is locked and is operating correctly;  302 

d) run the data acquisition software.  303 

The correction factor is determined from the difference between the reference optical 304 
frequency and the mean values from each measurement:  305 

 ∑
=

−=
n

i
iftest

n
frefCF

1

1  (1) 306 

where fref is the reference optical frequency and ftest is the optical frequency measured by the 307 
test optical frequency meter. 308 

5.3 Calibration uncertainty 309 

Note that the following list may not be complete. Additional contributions may have to be 310 
taken into account, depending on the measurement setup and procedure. The mathematical 311 
basis, Annex A, should be used to calculate and state the uncertainty.  312 

a) Source uncertainty (how well the source is stabilized to the natural standard) 313 

b) Standard deviation of measurement samples 314 

5.4 Reporting the results 315 

The results of each calibration should be reported as required by ISO/IEC 17025. Calibration 316 
certificates referring to this standard shall at least include the following information:  317 

a) all calibration conditions of the calibration process as described in 5.1;  318 

b) the test meter's correction factor(s) or deviation(s), if the test meter was not adjusted;  319 

c) on receipt, correction factors or deviations and, after adjustment, correction factors or 320 
deviations in the case that an adjustment was carried out;  321 

Reference
optical 

frequency
meter 

Reference 
source

Computer 
Interface 

connection 

Test
optical 

frequency
meter 

Reference
optical 

frequency
meter 

Reference 
source

Interface 

Test
optical 

frequency
meter 

IEC   0582/14 



IEC CD 62129-3/Ed1  IEC 2017 – 11 – 86/514/CD 

d) the calibration uncertainty in the form of an expanded uncertainty as described in 5.2 and 322 
Annex A; 323 

e) the instrument state of the test meter during the calibration; 324 

f) evidence that the measurements are traceable (see 5.10.4.1c) of ISO/IEC 17025:2005). 325 
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Annex A 326 

(normative) 327 

 328 

Mathematical basis 329 

A.1 General 330 

This annex summarizes the form of evaluating, combining and reporting the uncertainty of 331 
measurement. It is based on ISO/IEC 98-3. It does not replace the need to consult this guide 332 
for more advice. 333 

This technical specification distinguishes two types of evaluation of uncertainty of 334 
measurement. Type A is the method of evaluation of uncertainty by the statistical analysis of 335 
a series of measurements on the same measurand. Type B is the method of evaluation of 336 
uncertainty based on other knowledge. 337 

A.2 Type A evaluation of uncertainty 338 

Type A evaluation of standard uncertainty can be applied when several independent 339 
observations have been made for a quantity under the same conditions of measurement.  340 

For a quantity X estimated from n independent repeated observations Xk, the arithmetic mean 341 
is 342 

 ∑
=

=
n

k
X

n
X

1
k

1  (A.1) 343 

This mean is used as the estimate of the quantity, that is x = X . The experimental standard 344 
deviation of the observations is given by 345 
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where 347 

X  is the arithmetic mean of the observed values; 348 

Xk are the measurement samples of a series of measurements; 349 

n is the number of measurements; it is assumed to be large, for example, n ≥10. 350 

The type A standard uncertainty utypeA(x) associated with the estimate x is the experimental 351 
standard deviation of the mean 352 

  n
XsXsxu )()()(typeA ==

 (A.3) 353 

A.3 Type B evaluation of uncertainty 354 

Type B evaluation of standard uncertainty is the method of evaluating the uncertainty by 355 
means other than the statistical analysis of a series of observations. It is evaluated by 356 
scientific judgement based on all available information on the variability of the quantity. 357 
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If the estimate x of a quantity X is taken from a manufacturer’s specification, calibration 358 
certificate, handbook, or other source and its quoted uncertainty U(x) is stated to be a multiple 359 
k of a standard deviation. The standard uncertainty u(x) is simply the quoted value divided by 360 
the multiplier: 361 

 ( ) ( )
k
xUxu =  (A.4) 362 

If only upper and lower limit Xmax and Xmin can be estimated for the value of the quantity X, a 363 
rectangular probability distribution is assumed.  364 

    365 

The standard uncertainty is 366 

 
( )

3

,
)( MAXxXxX
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−−

=
minmax  (A.5) 367 

The contribution to the standard uncertainty associated with the output estimate y resulting 368 
from the standard uncertainty associated with the input estimate x is 369 

 
 

)()( xucyu ×=  (A.6) 370 

where c is the sensitivity coefficient associated with the input estimate x, that is the partial 371 
derivative of the model function y(x), evaluated at the input estimate x. 372 

 
x
yc
∂
∂

=  (A.7) 373 

The sensitivity coefficient c describes the extent to which the output estimate y is influenced 374 
by variations of the input estimate x. It can be evaluated by Equation (A.7) or by using 375 
numerical methods, i.e. by calculating the change in the output estimate y due to a change in 376 
the input estimate x from a model function. Sometimes it may be more appropriate to find the 377 
change in the output estimate y due to the change of x from an experiment. 378 

A.4  Determining the combined standard uncertainty 379 

Combined standard uncertainty is used to collect a number of individual uncertainties into a 380 
single number. The combined standard uncertainty is based on statistical independence of the 381 
individual uncertainties. It is calculated by root-sum-squaring all standard uncertainties 382 
obtained from type A and type B evaluation. 383 

 ∑
=

=
n

i
i yuyu

1

2
c )()(  (A.8) 384 

where 385 

i  is the current number of individual contributions; 386 

ui(y) are the standard uncertainty contributions; 387 

n  is the number of uncertainties. 388 
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NOTE It is acceptable to neglect uncertainty contributions to Equation (A.9) that are smaller than 1/10 of the 389 
largest contribution because squaring them will reduce their significance to 1/100 of the largest contribution. 390 

When the quantities above are to be used as the basis for further uncertainty computations, 391 
then the combined standard uncertainty, uc, can be re-inserted into Equation (A.8). Despite its 392 
partially type A origin, uc should be considered as describing an uncertainty of type B. 393 

A.5 Reporting 394 

In calibration reports and technical data sheets, combined standard uncertainties shall be 395 
reported in the form of expanded uncertainties, together with the applicable level of 396 
confidence. Correction factors or deviations shall be reported. The expanded uncertainty U is 397 
obtained by multiplying the standard uncertainty uc(y) by a coverage factor k 398 

 ( )yukU c⋅=  (A.9) 399 

For a level of confidence of approximately 95 %, the default level, then k = 2. If a level of 400 
confidence of approximately 99 % is chosen, then k = 3. The above values for k are valid 401 
under some conditions (see GUM); if these conditions are not met, larger coverage factors are 402 
to be used to reach these levels of confidence. 403 

  404 
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Annex B 405 

(informative) 406 

 407 

Frequency measurement of a stabilized laser with an optical frequency 408 

comb 409 

For optical frequency measurement, equally-spaced “frequency comb” lines (spacing of up to 410 
50 GHz) from an optical frequency comb are utilized as a “ruler” for optical frequency 411 
measurement [4 – 15]. Optical frequency measurements provide more accurate calibration 412 
than interferometric wavelength measurements in air by eliminating the effects of refractive 413 
indices.  414 

Some examples of practical optical frequency comb are shown in Annex B. 415 

Figure B.1 is the schematic configuration of an optical frequency measurement technique that 416 
uses optical frequency combs.  417 

 418 

Figure B.1 – Schematic configuration of optical frequency measurement technique 419 
using an optical comb 420 

Figure B.2 shows the optical spectrum of the laser and the optical frequency comb. The 421 
optical frequency comb generates an optical frequency comb with uniform spacing (f(comb 422 
spacing)) which is equal to the electrical clock frequency driving the optical frequency comb. 423 
f(comb spacing) is also equal to the pulse repetition rate. Thus, the uncertainty of comb 424 
spacing is proportional to the uncertainty of the electrical clock frequency. The comb spacing 425 
generally lies between 100 MHz and 25 GHz. In this case, the stabilized laser (f (stabilized 426 
laser)) output is combined with the optical frequency comb, and then these two lights are 427 
input to an optical-electrical (O/E) converter. The beat frequency (f (beat)) between the two 428 
lights is taken as the output of the O/E converter. The optical frequency (f(stabilized laser)) of 429 
the stabilized laser can be calculated by Equation (B.1). 430 

 ( ) ( ) ( )beatlaserstabilized fNff ±=  (B.1) 431 

Here, f(N) is the optical frequency of the N-th mode of optical frequency comb, and is the 432 
summation of f(comb spacing) and the carrier envelope offset frequency f(CEO), as shown in 433 
Equation (B.2). 434 

 ( ) ( ) ( )CEOspacingcomb ffNNf +×=  (B.2) 435 
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Here, N is the large integer, and can be determined with a wavelength meter. The sign of the 436 
beat frequency (+ or –) can be deduced by changing f(stabilized laser) slightly.  437 

f(CEO) is related to the pulse-to-pulse phase shift, ∆f, between the peak of electrical field 438 
and the peak of envelope [5], as shown in Equation (B.3).  439 

 ( ) spacing) comb CEO (2/)( ff pf∆=  (B.3) 440 

 441 

Key 442 

f optical frequency 443 

f (stabilized laser) stabilized laser frequency 444 

f (comb spacing) comb spacing 445 

f (beat) beat frequency 446 

f (N) optical frequency of the N-th comb mode 447 

f (CEO) carrier envelope offset frequency 448 

Figure B.2 – Optical spectra of lasers and optical frequency combs 449 
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Annex C 451 

(informative) 452 

 453 

Frequency-dependence of uncertainty 454 

The uncertainty arising from the electrical clocks in Clauses D.1 to D.2 will affect the mode 455 
spacing in a way that varies with comb mode number.  456 

From Equation (B.1) 457 

( ) ( ) ( ) ( )beatspacingcomblaserstabilizedlasertuneable ffNff ±×+=  458 

Therefore the uncertainty in the comb spacing multiplies up by N, which varies depending on 459 
the frequency of the tuneable laser under test.  460 

For example, when the uncertainty arising from the electrical clock is less than 10–8 and the 461 
measurement frequency range is 5 THz, an uncertainty of less than 50 kHz can be realized 462 
within the entire measurement frequency range. However, if the uncertainty of the electrical 463 
clocks degrades to 10–6, the measurement uncertainty in the frequency of 25 GHz away from 464 
the stabilized laser will be 25 kHz; whereas at a 5 THz separation, it will be 5 MHz. In this 465 
case, the frequency dependent uncertainty may exceed the measurement uncertainty required 466 
for telecom systems (i.e. 200 MHz to 2 MHz) for some frequency values. 467 

When the uncertainty of the electrical clocks is not clear, it is recommended to test the device 468 
with a minimum of two reference frequencies: one close to the frequency of the stabilized 469 
laser, and the second reference at a widely separated frequency. From these results, the 470 
frequency dependence of the uncertainty can be calculated. 471 

  472 
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Annex D 473 

(informative) 474 

 475 

Examples of stabilized optical frequency comb source 476 

D.1 Method A (pump pulse source + nonlinear optical effect) 477 

Figure D.1 shows an optical comb system combining pump pulse source and nonlinear optical 478 
effects [4-13, 15]. The pump pulse source is driven by an electrical clock (frequency: f(clock)). 479 
The pump pulse source generates an optical pulse train with a repetition rate of f(clock). The 480 
pump pulse train is amplified when the pulse power is small. The optical pulse train is input to 481 
a nonlinear material (fibre, etc.) and the resulting spectral broadening can exceed an octave. 482 
By comparing the optical frequencies of the octave-broadened comb with that of the second 483 
harmonic, one can stabilize and measure the frequency offset (f(CEO)). The frequencies 484 
f(CEO) and f(comb spacing) are locked to the electrical clock, thus yielding a very stable 485 
optical comb without the use of an external stabilized laser. The uncertainty of the optical 486 
comb is determined by that of the electrical clock so very small values can be expected.  487 

The pump pulse source can be realized with several sources. For example, a mode lock laser 488 
can be utilized. A titanium-doped sapphire (Ti:S) laser or a fibre laser can be used as the 489 
mode-locked laser. These optical frequency comb systems can be extended to any IR 490 
wavelength region (1 µm to 2 µm).  As second example, the supercontinuum (SC) comb 491 
source can be utilized. SC is a spectral broadening phenomenon and is realized when 492 
nonlinear materials are pumped by short optical pulses. It occurs due to the combined effects 493 
of self-phase modulation, cross-phase modulation, parametric, four-wave mixing and Raman 494 
scattering. A superbroadened bandwidth of more than 200 nm (25 THz) with the spacing 495 
range from several GHz to several 10 GHz at 1,5 µm and the uncertainty of 1 MHz for 25 GHz 496 
spacing in the telecom bands has been reported[15].  497 

 498 

Figure D.1 – Pump pulse source + nonlinear optical effect 499 

D.2 Method B (stabilized laser + electro-optical modulator) 500 

Figure D.2 shows an electro-optical modulator type comb source with a stabilized laser. The 501 
stabilized laser output is amplified and then input into the electro-optical modulator which is 502 
driven by an electrical clock. This method has been reported to offer 5 THz bandwidth optical 503 
comb generation with 6,25 GHz spacing [14].  504 
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 505 

Figure D.2 – Electro-optical modulator type comb source 506 

 507 

 508 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
FIBRE OPTIC INTERCONNECTING DEVICES  

AND PASSIVE COMPONENTS –  
PERFORMANCE STANDARD –  

 
Part 121-2: Simplex and duplex cords with single-mode  
fibre and cylindrical ferrule connectors for category C –  

Controlled environment 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61753-121-2 has been prepared by subcommittee 86B: Fibre optic 
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics. 

This second edition cancels and replaces the first edition published in 2010. This edition 
constitutes a technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) merge an optical performance requirement of a reference cord; 
b) delete Annexes D and E due to updated relevant standard document; 
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c) modify the whole document structure according to the latest ISO/IEC Directives. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

86B/XX/FDIS 86B/XX/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of IEC 61753 series, published under the general title Fibre optic 
interconnecting devices and passive components – Performance standard, can be found on 
the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

The National Committees are requested to note that for this document the stability date 
is 2025. 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE 
DELETED AT THE PUBLICATION STAGE. 
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FIBRE OPTIC INTERCONNECTING DEVICES  
AND PASSIVE COMPONENTS –  
PERFORMANCE STANDARD –  

 
Part 121-2: Simplex and duplex cords with single-mode  
fibre and cylindrical ferrule connectors for category C –  

Controlled environment 
 
 
 

1 Scope 

This part of IEC 61753 specifies the test requirements for cords including reference cords 
used in a controlled (Category C) environment according to IEC 61753-1, where the 
connectors already comply with the Category C requirements of IEC 61753-1. The tests 
selected are a subset of the connector tests from IEC 61753-1 appropriate for requalification 
with additional requirements relevant to cords and the connector/cable interface. 

The cords consist of simplex or duplex fibre optic cable terminated at each end of the cable 
with single-mode fibre optic connector plugs with cylindrical ferrules. The operational 
wavelength range is between 1 260 nm and 1 625 nm. Short length cords are used as test 
samples as the attenuation of the cord and the temperature cycling performance will be 
affected by longer lengths of cable. It is important that any qualification of a cord whose 
length is greater than 5 m takes these factors into account. 

The relevant requirements for the mechanical interface of connector sets are covered by the 
IEC 61754 all parts. The relevant requirements for the optical interface of connector sets are 
covered by IEC 61755 (all parts). The relevant requirements for performance of connector 
sets are covered by IEC 61753 (all parts). The relevant requirements for fibres are covered by 
IEC 60793-2-50. The relevant requirements for cables for cords are covered by IEC 60794-2-
50. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60793-2-50, Optical fibres – Part 2-50: Product specifications – Sectional specification for 
class B single-mode fibres 

IEC 60794-2-50, Optical fibre cables – Part 2-50: Indoor cables – Family specification for 
simplex and duplex cables for use in terminated cable assemblies 

IEC 60794-2-51, Optical fibre cables – Part 2-51: Indoor cables – Detail specification for 
simplex and duplex cables for use in cords for controlled environment 

IEC 61300-1, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 1: General and guidance 

IEC 61300-2-4, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 2-4: Tests – Fibre/cable retention 



IEC FDIS 61753-121-2 © IEC 2017 – 7 –  

IEC 61300-2-22, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 2-22: Tests – Change of temperature 

IEC 61300-2-42, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 2-42: Tests – Static side load for strain relief 

IEC 61300-2-44, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 2-44: Tests – Flexing of the strain relief of fibre optic 
devices 

IEC 61300-3-1, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 3-1: Examinations and measurements – Visual examination 

IEC 61300-3-3, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 3-3: Examinations and measurements – Active monitoring of 
changes in attenuation and return loss 

IEC 61300-3-6, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 3-6: Examinations and measurements – Return loss 

IEC 61300-3-22, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-22: Examinations and measurements – Ferrule 
compression force 

IEC 61300-3-25, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-25: Examinations and measurements – Concentricity 
of non-angled ferrules and non-angled ferrules with fibre installed 

IEC 61300-3-26, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-26: Examinations and measurements – Measurement 
of the angular misalignment between fibre and ferrule axes 

IEC 61300-3-28, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-28: Examinations and measurements – Transient loss 

IEC 61300-3-34, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-34: Examinations and measurements – Attenuation of 
random mated connectors 

IEC 61300-3-35, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-35: Examinations and measurements – Visual 
inspection of fibre optic connectors and fibre-stub transceivers 

IEC 61300-3-47, Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-47: Examinations and measurements – End face 
geometry of PC/APC spherically polished ferrules using interferometry 

IEC 61753-1, Fibre optic interconnecting devices and passive components – Performance 
standard – Part 1: General and guidance for performance standards 

IEC 61753-021-2, Fibre optic interconnecting devices and passive components – Performance 
standard – Part 021-2: Grade C/3 single-mode fibre optic connectors for category C – 
Controlled environment 

IEC 61754 (all parts), Fibre optic interconnecting devices and passive components – Fibre 
optic connector interfaces 
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IEC 61755 (all parts), Fibre optic interconnecting devices and passive components – 
Connector optical interfaces 

IEC TR 61931, Fibre optic – Terminology 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC TR 61931 and the 
following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
terminated cable assembly 
fibre optic cable terminated with any passive fibre optic component on each end 

3.2  
cord 
cable terminated with fibre optic connectors at each end 

EXAMPLE Equipment cord, work area cord or patchcord. 

Note 1 to entry: Cord is also referred to as "terminated cable assembly". 

[SOURCE: IEC 60794-2-51:2014, 3.2, modify – The definition has been rephrased, and an 
example and note to entry have been added.] 

3.3  
connector set 
complete assembly of components (plug-adaptor-plug) required to provide demountable 
coupling between two or more optical fibres 

3.4  
reference cord 
cord terminated with reference connector plugs 

3.5  
reference connector plug 
connector plug manufactured with restricted tolerances for dimensions relevant to lateral and 
angular offset 

Note 1 to entry:  See IEC 61755-2-4 and IEC 61755-2-5. 

3.6  
change in attenuation 
peak-to-peak variation 

[SOURCE: IEC 61753-021-2:2007, 3.1] 

http://www.iso.org/obp
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4 Description 

4.1 General 

Patchcords, work area cords, equipment cords and reference cords (called "cords" in 
subsequent text) defined according to this document are terminated cable assemblies with 
optical connector plugs at each end. 

The length, unless otherwise specified, is defined as being between the end faces of the 
connector plugs. 

Cords, except reference cords, can be of any cable length. Reference cords have a length 
between 2 m and 5 m. 

4.2 Optical fibres 

Optical fibres meeting the requirements of IEC 60793-2-50 category B1.1 and B1.3 single-
mode fibres shall be used. Once these cords are qualified, cords with the same construction 
using B6_a1 and B6_a2 fibre types according to IEC 60793-2-50 are qualified as well. 

4.3 Cable design and construction 

Cable used for the cords shall conform to the requirements of IEC 60794-2-50 and 
IEC 60794-2-51. 

4.4 Optical connectors 

4.4.1 Mechanical connectivity 

The dimensional interface requirements in IEC 61754 (all parts) shall be met. 

4.4.2 Optical performance requirements 

The functionality of the connections according to this document is based upon physical 
contact. All the connector plugs shall conform to the standard performance grade as defined 
in IEC 61755 (all parts). Considered attenuation grades are R1 and R2 defined in 
IEC 61755-2-4 and IEC 61755-2-5, and B, C and D defined in IEC 61755-2-1 and 
IEC 61755-2-2. Considered return loss grades are 1, 2 and 3 defined in IEC 61755-2-1 and 
IEC 61755-2-2.  

4.4.3 Connector set performance requirements 

Connector sets shall conform to the requirements described in IEC 61753-021-2. 

4.5 Cable bend radius 

Care shall be taken to respect the minimum bend radius of the cable. 

5 Tests 

5.1 General 

All tests and measurements have been selected from IEC 61300 (all parts) for connectors and 
from the cable test procedure outlined in IEC 60794-1-2. Additional requirements to certain 
tests are given in Annex C. 
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5.2 Measurement wavelengths 

Unless otherwise specified in the individual test details, all attenuation measurements are 
made at the wavelengths given in Table 1. 

Table 1 – Wavelengths for attenuation and return loss measurements 

Fibre type Centre wavelength 

nm 

Single-mode 1 310 1 550 1 625 

 

Return loss measurements shall be performed at the wavelengths specified in the individual 
tests. 

5.3 Device under test 

For this document, a device under test (DUT) is defined as a terminated cable assembly with 
optical connector plugs according to IEC 61754 (all parts) at all ends of the cord. 

The sample size and product sourcing requirements are defined in Annex A. 

The length of the DUT shall be 3,0 m to 5,0 m. 

5.4 Test report 

A fully documented test report and supporting data shall be prepared and shall be available 
for inspection as evidence that the tests described in this document have been carried out 
accordingly. 

6 Test procedure 

6.1 General 

No deviation from the specified test method is allowed. 

Unless otherwise specified, all tests shall be carried out at ambient temperature as specified 
in IEC 61300-1. 

6.2 Visual examination 

A visual examination shall be carried out on all DUTs before and after all mechanical and 
environmental tests (see Table 2). The outer cable sheath shall be marked at the end of the 
connector boot during the initial visual examination (see Annex B). 

Table 2 – Visual examination requirements 

No. Test Requirement Details 

1 Visual examination No visible defects 
of cable or 
connector plugs 

Method: IEC 61300-3-1 

Examination: Product shall be visually checked 
without magnification 

 

6.3 Fibre optic connector plug end face 

The performance of the fibre optic connection depends on characteristics of the end faces of 
both connector plugs (see Table 3). 
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Table 3 – End face requirements 

No. Test Requirement Details 

2 End face geometry IEC 61755-3 (all parts) Method: IEC 61300-3-47, End face geometry 

IEC 61300-3-25, Concentricity 

IEC 61300-3-26, Angular 
misalignment 

3 Fibre optic connector 
end face visual 
inspection 

IEC 61300-3-35 Method: 

Examination: 

IEC 61300-3-35 

Scratches, defects, debris 

4 Ferrule compression 
forcea 

IEC 61754 (all parts): 
for the connectorised 
buffered fibre 

IEC 60794-2-50: 
additional requirements 
for the ruggedised fibre 
cable 

Method: 

Examination: 

IEC 61300-3-22 

Movement length, compression force 

a This test is applicable to connector plugs with spring loaded ferrules. 

 

6.4 Optical performance requirements 

Optical performance requirements for attenuation and return loss are given in the following 
Table 4. These requirements are related to connections between the same fibre types. 

Table 4 – Optical performance requirements 

No. Test Requirement Details 

5 Attenuation R1 (reference grade): 

≤ 0,1 dB 

R2 (reference grade): 

≤ 0,2 dB 

 

Grade B: 

≤ 0,12 dB mean 

≤ 0,25 dB for 97 % 

Grade C: 

≤ 0,25 dB mean 

≤ 0,5 dB for 97 % 

Grade D: 

≤ 0,5 dB mean 

≤ 1,0 dB for 97 % 

Method: IEC 61300-3-34, Method 2 

Source type: LED/LD 

Wavelength: (1 310 ± 30) nm 

(1 550 ± 30) nm 

(1 625 ± 30) nm 

Source stability: ±0,01 dB over 1 h 

 

Detector linearity: ±0,01 dB over the dynamic range to be 
measured 

 

Launch fibre 
length: 

> 2 m. Only the fundamental mode shall 
propagate at the connector interface to 
be tested and at the detector 

Pre-conditioning 
procedure: 

Clean plug and adaptor according to 
manufacturer’s instructions 

6 Return loss Grade 1: ≥ 60 dB 

 

Grade 2: ≥ 45 dB 

 

Grade 3: ≥ 35 dB 

Method: IEC 61300-3-6, Method 1  

Wavelengths: (1 310 ± 30) nm 

(1 550 ± 30) nm 

(1 625 ± 30) nm 

Source stability: ±0,01 dB over 1 h 

Detector linearity: ±0,1 dB over the dynamic range to be 
measured 
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6.5 Environmental performance requirements 

Environmental performance requirements are given in the following Table 5. 

Table 5 – Environmental performance requirements 

No. Test Requirement Details 

7 Change of 
temperature 

Change in 
attenuation during 
the test 

at (1 310 ± 30) nm 
≤ 0,40 dB 

at (1 625 ± 30) nm 
≤ 1,0 dB 
Change in 
attenuation before 
and after the test 

at (1 310 ± 30) nm 
≤ 0,20 dB 

at (1 625 ± 30) nm 
≤ 0,40 dB 

Initial and final 
attenuation shall be 
≤ specified for the 
grade 

Return loss shall 
satisfy the 
requirements for the 
specified grade 

Final visual 
examination: 

see Annex B 

Method: IEC 61300-2-22, see Annex C 

Low temperature: –10 °C 

High temperature: 60 °C 

Duration at temperature 
extreme: 

1 h 

Rate of change of 
temperature: 

1 °C/min 

Number of cycles: 5 

DUT optically 
functioning: 

Yes 

Measurements required: Measuring procedure: IEC 61300-
3-3. Measurements before, during 
and after the test 

Sampling rate: Max. interval 10 min 

Attenuation: According to Table 4 

Return loss: According to Table 4 

Pre-conditioning 
procedure: 

2 h at normal ambient conditions. 
Clean connector plugs and adaptor 
according to manufacturer’s 
instructions 

Recovery procedure: 2 h at normal ambient conditions. 
Connection shall not be demated 
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6.6 Mechanical performance requirements 

Mechanical performance requirements are given in the following Table 6. 

Table 6 – Mechanical performance requirements 

No. Test Requirement Details 

8 Fibre/Cable 
retention 

Change in 
attenuation during 
the test 

at (1 310 ± 30) nm 
≤ 0,20 dB 

at (1 625 ± 30) nm 
≤ 0,50 dB 

Change in 
attenuation before 
and after the test 

at (1 310 ± 30) nm 
and  

(1 625 ± 30) nm  

≤ 0,20 dB 

Initial and final 
attenuation shall be ≤ 
specified for the 
grade 

Return loss shall 
satisfy the 
requirements for the 
specified grade 

Final visual 
examination: 

see Annex B 

Method: IEC 61300-2-4 

Tensile force: 50 N ± 2 N at 5 N/s  

Point of application of 
the load: 

0,3 m from connector plug 

The connector plug shall be rigidly 
mounted such that the load is 
applied to the fibre/cable retention 
mechanism and not to the coupling 
mechanism 

Duration of maximum 
load: 

2 min at 50 N 

 

DUT optically 
functioning: 

Yes 

Measurements 
required: 

Measuring procedure: IEC 61300-
3-3. Measurements before, during 
and after the test 

Sampling rate: Continuously 

Attenuation: According to Table 4 

Return loss: According to Table 4 

Pre-conditioning 
procedure: 

Clean plug and adaptor according 
to manufacturer’s instructions 

9 Static side load Change in 
attenuation during the 
test 

at (1 310 ± 30) nm 
≤ 0,20 dB, 

at (1 625 ± 30) nm 
≤ 0,50 dB 

Change in 
attenuation before 
and after the test 

at (1 310 ± 30) nm 
and (1 625 ± 30) nm 

≤ 0,20 dB 

Initial and final 
attenuation shall be ≤ 
specified for the 
grade 

Return loss shall 
satisfy the 
requirements for the 
specified grade 

Final visual 
examination: 

see Annex B 

Method: IEC 61300-2-42 

Magnitude of the load 
(90° to plug axis): 

1 N 

Point of application of 
the load: 

0,2 m from rear of connector plug 
in two mutually perpendicular 
directions 

Method of mounting: An adaptor shall be mounted 
rigidly to the mounting fixture 

Duration of load: 1 h 

DUT optically 
functioning: 

Yes 

Measurements 
required: 

Measuring procedure: IEC 61300-
3-3. Measurements before, during 
and after the test 

Sampling rate: Continuously  

Attenuation: According to Table 4 

Return loss: According to Table 4 

Pre-conditioning 
procedure: 

Clean plug and adaptor according 
to manufacturer’s instructions 
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No. Test Requirement Details 

10 Flexing strain 
relief of fibre 
optic devices 

Change in 
attenuation  during 
the test 

at (1 310 ± 30) nm 
≤ 0,20 dB,  

at (1 550 ± 30) nm 
≤ 0,30 dB 

at (1 625 ± 30) nm  
≤ 0,50 dB 

Change in 
attenuation before 
and after the test  

at (1 310 ± 30) nm, 

(1 550 ± 30) nm and 
(1 625 ± 30) nm  

≤ 0,20 dB 

Initial and final 
attenuation shall be ≤ 
specified for the 
grade 

Return loss shall 
satisfy the 
requirements for the 
specified grade 

Final visual 
examination:  

see Annex B 

Method: IEC 61300-2-44 

Magnitude of the load: 2 N  

Point of application of 
the load: 

0,2 m from rear of connector plug  

Method of mounting: An adaptor shall be mounted 
rigidly to the mounting fixture 

Cycle: 

Number of cycles: 

Cycling rate: 

From 0° to –90° to 0° to +90° to 0° 

100 

20 cycles/min 

DUT optically 
functioning: 

Yes 

Measurements 
required: 

Measuring procedure: IEC 61300-
3-28. Measurements before, during 
and after the test  

Sampling rate: Continuously 

Attenuation: According to Table 4 

Return loss: According to Table 4 

Pre-conditioning 
procedure: 

Clean plug and adaptor according 
to manufacturer’s instructions 
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Annex A 
(normative) 

 
Sample size requirements 

Sample size for the cords shall be as indicated in the following Table A.1. 

Table A.1 – Sample size requirements 

No. Test Simplex Duplex 

1 Visual examination 15 10 

2 End face geometry 15 10 

3 Fibre optic cylindrical connector plug end face visual 
inspection 

15 10 

4 Ferrule compression force 15 10 

5 Attenuation 15 10 

6 Return loss  15 10 

7 Change of temperature 6 3 

8 Fibre/cable retention 6 3 

10 Static side load 6 3 

11 Flexing strain relief of fibre optic devices 6 3 

 

The above tests are not intended to be performed in any particular sequence or grouping. 
They are intended to be performed individually; however, products from previous tests may be 
used if desired. 
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Annex B 
(normative) 

 
Visual examination of outer cable sheath movement 

B.1 Scope 

This visual examination shall be made to ensure that the captivation or attachment of a cable 
sheath to a connector plug will withstand all environmental and mechanical tests required in 
this document. 

B.2 Preparation of the DUT and initial visual examination 

Preparation shall be made after initial visual examination (before all subsequent tests). 

Mark the outer cable sheath at the end of the connector boot at both ends of the cable 
assembly as indicated in Figure B.1. The marks are required to identify movement of the 
cable sheath caused by environmental and mechanical stresses during subsequent tests. 

 

Figure B.1 – Initial marking of the cable sheath 

If the connector plug has a shrink-tube as part of the boot as, for example in some types of 
LC connector plugs, the mark shall be made on the outer cable sheath right at the end of the 
shrink-tube. 

B.3 Final visual examination of outer cable sheath movement 

Final visual examination shall be made after all tests have been finished. The outer sheath 
movement is visible through the movements of the marks at the outer cable sheath (see 
Figure B.2). 

Requirements: 

The allowed movement of the outer cable sheath relative to the connector boots (at least of its 
fixing point e.g. sheath crimp, shrink-tube or gluing) shall be 1 mm maximum at any connector 
plug. 

Dimension in millimetre 

 

Figure B.2 – Final visual examination 

NOTE The SC connector in the Figures B.1 and B.2 is assumed as an example. 

IEC 

Mark 
Boot 

Connector plug 
Outer cable sheath 

IEC ≤1 
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Annex C 
(normative) 

 
Change of temperature 

The additional requirements for the change of temperature test (see configuration in 
Figure C.1) shall be as follows. 

– The whole length of the patchcord together with both connections shall be within the 
climatic chamber. 

– The cable coils shall be free, without any cable reel, and supported horizontally in the 
climatic chamber. The winding radius shall be larger than 150 mm. 

 

Figure C.1 – Change of temperature test configuration 

 

IEC 

Attenuation 
measurement 

device 

Channel-selector 

Connector 1 

Connector 2 

DUT 
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