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INTERNATIONAL ELECTROTECHNICAL COMMISSION 66 
____________ 67 

 68 
OPTICAL FIBRES –  69 

 70 
Part 1-41: Measurement methods and test procedures –  71 

Bandwidth  72 
 73 
 74 

FOREWORD 75 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 76 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 77 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 78 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 79 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 80 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 81 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 82 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 83 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 84 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 85 
consensus of opinion on the relevant subjects since each technical committee has representation from all 86 
interested IEC National Committees.  87 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 88 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 89 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 90 
misinterpretation by any end user. 91 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 92 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 93 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 94 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 95 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 96 
services carried out by independent certification bodies. 97 

6) All users should ensure that they have the latest edition of this publication. 98 
7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 99 

members of its technical committees and IEC National Committees for any personal injury, property damage or 100 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 101 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 102 
Publications.  103 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 104 
indispensable for the correct application of this publication. 105 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 106 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 107 

International Standard IEC 60793-1-41 has been prepared by subcommittee 86A: Fibres and 108 
cables, of IEC technical committee 86: Fibre optics.  109 

This fourth edition cancels and replaces the third edition published in 2010. This edition 110 
constitutes a technical revision. 111 

The main change with respect to the previous edition is the addition of a “direct reference” for 112 
method A and method B third method for determining modal bandwidth based on DMD data and 113 
to improve measurement procedures for A4 fibres. 114 

This standard should be read in conjunction with IEC 60793-1-1 and IEC 60793-1-2, which 115 
cover generic specifications. 116 

117 
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The text of this standard is based on the following documents: 118 

FDIS Report on voting 

86A/1294/CDV 86A/1329/RVD 

 119 
Full information on the voting for the approval of this standard can be found in the report on 120 
voting indicated in the above table. 121 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 122 

A list of all parts of the IEC 60793-1-4x series, published under the general title Optical fibres 123 
– measurement methods and test procedures, can be found on the IEC website  124 

The committee has decided that the contents of this publication will remain unchanged until the 125 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 126 
the specific publication. At this date, the publication will be  127 

• reconfirmed, 128 
• withdrawn, 129 
• replaced by a revised edition, or 130 
• amended. 131 

 132 

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. 

 133 

 134 

135 
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OPTICAL FIBRES –  136 
 137 

Part 1-41: Measurement methods and test procedures –  138 
Bandwidth  139 

 140 
 141 
 142 

1 Scope 143 

This part of IEC 60793 describes three methods for determining and measuring the modal 144 
bandwidth of multimode optical fibres (see IEC 60793-2-10, IEC 60793-2-30 and IEC 60793-2-145 
40 series). The baseband frequency response is directly measured in the frequency domain by 146 
determining the fibre response to a sinusoidaly modulated light source. The baseband response 147 
can also be measured by observing the broadening of a narrow pulse of light. The calculated 148 
response is determined using differential mode delay (DMD) data. The three methods are: 149 

• Method A – Time domain (pulse distortion) measurement 150 

• Method B – Frequency-domain measurement  151 

• Method C – Overfilled launch modal bandwidth calculated from differential mode delay 152 
(OMBc) 153 

Methods A and B can be performed using one of two launches: an overfilled launch (OFL) 154 
condition or a restricted mode launch (RML) condition. Method C is only defined for A1-OM3 to 155 
A1-OM5 multimode fibres and uses a weighted summation of DMD launch responses with the 156 
weights corresponding to an overfilled launch condition. The relevant test method and launch 157 
condition should be chosen according to the type of fibre. 158 

NOTE 1 These test methods are commonly used in production and research facilities and are not easily 159 
accomplished in the field. 160 

NOTE 2 OFL has been used for the modal bandwidth value for LED-based applications for many years. However, 161 
no single launch condition is representative of the laser (e.g. VCSEL) sources that are used for gigabit and higher 162 
rate transmission. This fact drove the development of IEC 60793-1-49 for determining the effective modal bandwidth 163 
of laser optimized 50 µm fibres. See IEC 60793-2-10:2019 or later and IEC 61280-4-1:2019 or later for more 164 
information. 165 

2 Normative references 166 

The following referenced documents are indispensable for the application of this document. For 167 
dated references, only the edition cited applies. For undated references, the latest edition of 168 
the referenced document (including any amendments) applies. 169 

IEC 60793-1-20, Optical Fibres – Part 1-20: Measurement methods and test procedures – Fibre 170 
geometry  171 

IEC 60793-1-42, Optical fibres – Part 1-42: Measurement methods and test procedures – 172 
Chromatic dispersion  173 

IEC 60793-1-43, Optical fibres – Part 1-43: Measurement methods and test procedures – 174 
Numerical aperture  175 

IEC 60793-1-49:2018, Optical fibres – Part 1-49: Measurement methods and test procedures – 176 
Differential mode delay 177 
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3 Terms and definitions 178 

For the purposes of this document, the following terms and definitions apply. 179 

3.1  180 
bandwidth (–3 dB) 181 
value numerically equal to the lowest modulation frequency at which the magnitude of the 182 
baseband transfer function of an optical fibre decreases to a specified fraction, generally to one 183 
half, of the zero frequency value. The bandwidth is denoted in this document as f3 dB. 184 

NOTE It is known that there can be various calculations, sometimes called markdowns, to avoid reporting extremely 185 
high values associated with “plateaus”. For example the 1,5 dB frequency, multiplied by 2  is one treatment used 186 
in IEC 60793-1-49. If such a calculation is used it should clearly be reported.  187 

3.2  188 
transfer function 189 
discrete function of complex numbers, dependent on frequency, representing the frequency-190 
domain response of the fibre under test 191 

NOTE Method A determines the frequency response by processing time domain data through Fourier transforms. 192 
Method B can only measure the transfer function if an instrument which measures phase as well as amplitude is 193 
used. Method C is similar to Method A as it uses Fourier transforms in a similar manner. The transfer Function is 194 
denoted in this document as H(f). 195 

3.3  196 
power spectrum 197 
discrete function of real numbers, dependent on frequency, representing the amplitude of the 198 
frequency-domain response of the fibre under test 199 

NOTE Methods A and C determine the power spectrum from the transfer function. Method B determines the transfer 200 
function by taking the ratio of the amplitude measured through the fibre under test and the reference. The power 201 
spectrum is denoted in this document as |H(f)|. 202 

3.4  203 
impulse response 204 
discrete function of real numbers, dependent on time, representing the time-domain response 205 
of the fibre under test to a perfect impulse stimulus. The impulse response is derived, in all 206 
methods, through the inverse Fourier transform of the transfer function. The impulse response 207 
is denoted in this document as h(t). 208 

4 Apparatus 209 

4.1 Radiation source 210 

4.1.1 Method A – Time domain (pulse distortion) measurement 211 

Use a radiation source such as an injection laser diode that produces short duration, narrow 212 
spectral width pulses for the purposes of the measurement. The pulse distortion measurement 213 
method requires the capability to switch the energy of the light sources electrically or optically. 214 
Some light sources shall be electrically triggered to produce a pulse; in this case a means shall 215 
be provided to produce triggering pulses. An electrical function generator or equivalent can be 216 
used for this purpose. Its output should be used to both induce pulsing in the light source and 217 
to trigger the recording system. Other light sources may self-trigger; in this case, means shall 218 
be provided to synchronize the recording system with the pulses coming from the light source. 219 
This may be accomplished in some cases electrically; in other cases optoelectronic means may 220 
be employed. 221 
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4.1.2 Method B – Frequency domain measurement 222 

Use a radiation source such as a continuous wave (CW) injection laser diode for the purposes 223 
of the measurement. The frequency domain measurement method requires the capability to 224 
modulate the energy of the light sources electrically or optically. Connect the modulation output 225 
of the tracking generator or network analyzer through any required driving amplifiers to the 226 
modulator.  227 

4.1.3 Method C – Overfilled launch modal bandwidth calculated from differential 228 
mode delay (OMBc) 229 

Use a radiation source as described in IEC 60793-1-49. 230 

4.1.4 For methods A and B 231 

Annex A Use a radiation source with a centre wavelength that is known and within ± 10 nm of 232 
the nominal specified wavelength. For injection laser diodes, laser emission coupled into the 233 
fibre shall exceed spontaneous emission by a minimum of 15 dB (optical). 234 
Annex B Use a source with sufficiently narrow linewidth to assure the measured bandwidth is 235 
at least 90 % of the intermodal bandwidth. This is accomplished by calculating the normalized 236 
intermodal dispersion limit, NIDL (refer to Annex A). For A4 fibre, the linewidth of any laser 237 
diode is narrow enough to neglect its contribution to bandwidth measurement. 238 
Annex C For A1 and A3 fibres, calculate the NIDL (see Annex A) for each wavelength’s 239 
measurement from the optical source spectral width for that wavelength as follows: 240 

λ∆
=

IDF  NIDL  , in GHz·km  241 

where: 242 

∆λ  is the source Full Width Half Maximum (FWHM) spectral width in nm, 243 
IDF  is the Intramodal Dispersion Factor (GHz·km·nm) from Annex A according to the 244 

wavelength of the source. 245 
NIDL  is not defined for wavelengths from 1 200 nm to 1 400 nm. The source spectral 246 

width for these wavelengths shall be less than or equal to 10 nm, FWHM. 247 

NOTE The acceptability of a NIDL value depends upon the specific user's test requirements. For example, a 248 
0,5 GHz·km NIDL would be satisfactory for checking that fibres had minimum bandwidths greater than some value 249 
less than 500 MHz·km, but would not be satisfactory for checking that fibres had minimum bandwidths greater than 250 
500 MHz·km. If the NIDL is too low, a source with smaller spectral width is required. 251 
Annex D The radiation source shall be spectrally stable throughout the duration of a single 252 
pulse and over the time during which the measurement is made. 253 

4.2 Launch system  254 

4.2.1 Overfilled launch (OFL) 255 

4.2.1.1 OFL condition for A1 fibre 256 

Use a mode scrambler between the light source and the test sample to produce a controlled 257 
launch irrespective of the radiation properties of the light source. The output of the mode 258 
scrambler shall be coupled to the input end of the test sample in accordance with Annex D. The 259 
fibre position shall be stable for the complete duration of the measurement. A viewing system 260 
may be used to aid fibre alignment where optical imaging is used. 261 

The OFL prescription in Annex D, based on the allowed variance of light intensity on the input 262 
of the fibre under test, can result in large (>25 %) variations in the measured results for high 263 
bandwidth (>1 500 MHz·km) A1-OM3, A1-OM4 and A1-OM5 fibres. Subtle differences in the 264 
launches of conforming equipment are a cause of these differences. Method C is introduced as 265 
a means of obtaining an improvement. 266 
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Provide means to remove cladding light from the test sample. Often the fibre coating is sufficient 267 
to perform this function. Otherwise, it will be necessary to use cladding mode strippers near 268 
both ends of the test sample. The fibres may be retained on the cladding mode strippers with 269 
small weights, but care shall be taken to avoid microbending at these sites.  270 

NOTE Bandwidth measurements obtained by the overfilled launch (OFL) support the use of category A1 multimode 271 
fibres, especially in LED applications at 850 nm and 1 300 nm. Some laser applications may also be supported with 272 
this launch, but could result in reduced link lengths (at 850 nm) or restrictions on the laser sources (at 1 300 nm). 273 

4.2.1.2 OFL condition for A3 and A4 fibres 274 

OFL is obtained with geometrical optic launch in which the maximum theoretical numerical 275 
aperture of the fibre is exceeded by the launching cone and in which the diameter of the 276 
launched spot is in the order of the core diameter of the fibre. The light source shall be able to 277 
excite both low-order and high-order modes in the fibre equally. 278 

NOTE A mode scrambler excites more or less all modes. Mode excitation is very sensitive to the source/mode 279 
scrambler alignment and the interaction with any intermediary optics such as connectors or optical imaging systems. 280 
A light source with large NA and core diameter will only excite meridional modes or LP0,m modes. 281 

4.2.2 Restricted mode launch (RML)  282 

4.2.2.1 RML condition for A1-OM1 fibre 283 

The RML for bandwidth is created by filtering the overfilled launch (as defined by Annex D) with 284 
a RML fibre. The OFL is defined by Annex D and it needs to be only large enough to overfill the 285 
RML fibre both angularly and spatially. The RML fibre has a core diameter of 23,5 µm ± 0,1 µm, 286 
and a numerical aperture of 0,208 ± 0,01. The fibre shall have a graded-index profile with an 287 
alpha of approximately 2 and an OFL bandwidth greater than 700 MHz∙km at 850 nm and 1 300 288 
nm. For convenience, the clad diameter should be 125 µm. The RML fibre should be at least 289 
1,5 m in length to eliminate leaky modes; and it should be less than 5 m in length to avoid 290 
transient loss effects. The launch exiting the RML fibre is then coupled into the fibre under test. 291 

Provide means to remove cladding light from the test sample. Often the fibre coating is sufficient 292 
to perform this function. Otherwise, it will be necessary to use cladding mode strippers near 293 
both ends of the test sample. The fibres may be retained on the cladding mode strippers with 294 
small weights, but care shall be taken to avoid microbending at these sites. 295 

NOTE 1 In order to achieve the highest accuracy, tight tolerances are required on the geometry and profile of the 296 
RML fibre. In order to achieve the highest measurement reproducibility, tight alignment tolerances are required in 297 
the connection between the launch RML fibre and the fibre under test to ensure the RML fibre is centred to the fibre 298 
under test.  299 

NOTE 2 Bandwidth measurements obtained by a restricted mode launch (RML) are used to support 1 Gigabit 300 
Ethernet laser launch applications. The present launch is especially proven for 850 nm sources transported over type 301 
A1-OM1 fibres.  302 

4.2.2.2 RML condition for A3 fibre 303 

RML condition for A3 fibre is created with geometrical optic launch which corresponds to launch 304 
NA = 0,3. 305 

Spot size shall be larger or equal to the size of core. 306 

4.2.2.3 RML condition for A4 fibre 307 

The RML for A4 fibre shall correspond to NA = 0,3. It can be created by filtering the overfilled 308 
launch with a mandrel wrapped mode filter, shown in Figure 1. The mode filter shall be made 309 
with the fibre of the same category as the fibre under test. In order to avoid redundant loss, the 310 
length of fibre should be 1 m. The diameter of the mandrel should be 20 times as large as that 311 
of the fibre cladding and the number of coils may be 5. 312 
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NOTE Do not apply any excessive stress in winding fibre on to the mandrel. The wound fibre may be fixed to the 313 
mandrel with an adhesive. Unwound parts of fibre should be set straight.   314 

315 
Figure 1 – Mandrel wrapped mode filter 316 

4.2.3 Differential mode delay (DMD) launch 317 

The DMD launch shall comply with the launch requirements of IEC 60793-1-49. 318 

4.3 Detection system 319 

The output optical detection apparatus shall be capable of coupling all guided modes from the 320 
test sample to the detector active area such that the detection sensitivity is not significantly 321 
mode-dependent.  322 

A device shall be available to position the specimen output end with sufficient stability and 323 
reproducibility to meet the conditions of 4.6 below. 324 

An optical detector shall be used that is suitable for use at the test wavelength, linear in 325 
amplitude response, spatially uniform to within 10 %, and sufficiently large to detect all emitted 326 
power. An optical attenuator may be used to control the optical intensity on the detector. It shall 327 
be mode-independent as well. 328 

The detection electronics as well as any signal preamplifier shall be linear in amplitude 329 
response (nonlinearities less than 5 %) over the range of encountered signals. 330 

The detection system for Method C shall comply with the requirements of IEC 60793-1-49. 331 

4.4 Recording system 332 

For the time domain (pulse distortion) measurement (method A), use an oscilloscope suitably 333 
connected to a recording device, such as a digital processor, to store the received pulse 334 
amplitude as a function of time. For temporal measurements, data taken from the oscilloscope 335 
display shall be considered secondary to those derived from the recorded signal. 336 

For the frequency domain measurement (method B), use a tracking generator-electrical 337 
spectrum analyzer combination, scalar network analyzer, vector network analyzer or an 338 
equivalent instrument to detect, display and record the amplitude of the RF modulation signal 339 
derived from the optical detector. This shall be done in such a manner as to reduce harmonic 340 
distortion to less than 5 %.  341 

The recording system for Method C shall comply with the requirements of IEC 60793-1-49. 342 

4.5 Computational equipment 343 

For the time domain (pulse distortion) method (method A) and overfilled launch bandwidth 344 
calculated from differential mode delay (method C) or if impulse response is required from 345 
method B, computational equipment capable of performing Fourier transforms on the detected 346 
optical pulse waveforms as recorded by the waveform recording system shall be used. This 347 
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