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Passband Characteristic of MM Fibers 

Abstract—Frequency response of Multimode (MM) fibers beyond 
the baseband is studied. It is shown that in the absence of mode group 
mixing there are relative flat passbands suitable for transmission in such 
fibers if the number of mode groups propagating is not too large. Such 
conditions are usually met for typical contemporary graded index (GI) 
silica fibers. It is also proved that the passbands width is related to the 
baseband width. Moreover, a 1300 nm window is the most suitable for 
transmission due to small chromatic dispersion and reduced number of 
mode groups propagating.  
 
 
Multimode (MM) fiber is often used as a transmission 
medium for short distances in networks such as LANs. 
The primary problem when applying such a fiber is its 
limited bandwidth, which makes it difficult to obtain high 
informational throughput and upgrade existing systems to 
higher bit rates (such as 10 Gbit/s Ethernet). There were 
proposed several techniques to release this limitation, 
such as electrical equalization [1], mode group 
multiplexing [2], a special fiber for modal dispersion 
compensation [3], application of the subcarrier 
multiplexing (SCM) technique [4,5], etc. The latter 
solution is based on the fact that the frequency response 
of certain MM fibers does not decrease monotonically 
outside the baseband. On the contrary, beyond the 
baseband there are observed relatively flat frequency 
ranges suitable for SCM transmission [4,5]. Several 
transmission experiments based on this behavior have 
been reported so far [4,5]. However, this solution lacks a 
systematic approach as to the selection of fibers, 
wavelengths and light launches necessary to make SCM 
transmission possible. The current paper tries to answer 
these questions. 

Let us consider the frequency response of multimode 
(MM) fiber. As everybody knows it is determined by two 
effects, namely chromatic and (inter)modal dispersions. 
The frequency response, H(f), may be approximated by 
[6-7] 
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Here, f is the frequency, D [ps/nm⋅km] is the dispersion 
coefficient, L is the fiber length in km, σλ- rms laser 
linewidth in nm, Pk- the input power of the k-th mode 

group, K- is the total number of mode groups, τ
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k is the 
group delay of the k-th mode group, and αk- the 
respective attenuation in dB/km. The first factor in (1) is 
related to chromatic dispersion, whereas the sum 
represents modal dispersion. It was assumed in (1) that σλ 
takes into account the effects related to laser modulation 
(chirp) [6]. 
The total number of modal groups that may propagate in 
MM fiber depends on its profile parameter g (for a 
parabolic profile g=2), the core diameter D, its numerical 
aperture NA, and the wavelength λ. The greater the NA, 
and D, and smaller the wavelength, the more mode 
groups may propagate in the fiber. For typical GI (graded 
index) fibers the number of mode groups is 10… 20 for 
50 μm core fibers, and 20…30 for 62.5 μm core fibers, 
whereas the upper limit corresponds to 850 nm, and the 
lower limit to 1300 nm. The actual number of mode 
groups propagating in the fiber may be much smaller than 
the above values for the so called restricted launches 
when only few mode groups from the entire set are 
excited at the fiber input.  

For regular profile parameters the value of τk may be 
approximated by the formula given in [8,9]. In [10], this 
formula was compared against the exact (numerical) 
results. It follows from this comparison that τk may be 
well approximated with a linear relation of the type 

0ττ kk = , where τ0 is the group delay difference between 
adjacent mode groups. Let us neglect for the moment 
chromatic dispersion, and assume that N equally excited 
adjacent mode groups reach the receiver. Inserting the 
linear expression for τk into (1) we get 
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where F= fτ0L.  
However, greatly simplified eqn. (2) gives a good 

insight into the MM fiber frequency response outside the 
baseband. In Fig. 1, the function  
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was shown for the argument F= fτ0L and different values 
of the number of excited mode groups N. 
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Analyzing (3) and observing the curves in Fig. 1 one 
may readily draw the following conclusions: 
a) bandwidths of the passbands beyond the baseband are 
exactly equal to the baseband except for the passbands 
located around the multiples of the frequency f=1/(τ0L), 
which are twice as wide as the baseband, 
 

 
Figure 1. MM fiber frequency response according to (2), (3) versus the 

parameter F= fτ0L for the following number of mode groups: N=3 (solid 
line), N=6 (dashed line), N=10 (dotted line), and N=20 (dashed/dotted 

line) 
 
b) for a given fiber and excitation, an increase in the fiber 
length causes the decreasing of the baseband and 
consequently, the passbands widths reduction as well as 
decreasing of their central frequencies, 
c) the fewer mode groups propagate in the fiber (the 
samller N) the lesser is the attenuation of the frequency 
response over the passbands as compared to the 
attenuation for f=0, again with the exception of the 
passbands located around the multiples of the frequency 
f=1/(τ0L) where the attenuation (at least theoretically) is 
the same as the attenuation for f=0, 
d) the fewer mode groups propagate in the fiber the 
greater the baseband is (and consequently the passbands), 
e) the least attenuated passband has the central frequency 
which is smaller if fewer mode groups propagate in the 
fiber. 

The above analysis is performed under rather 
simplified conditions. Now, we are going to take into 
account chromatic dispersion as well as the fact that the 
powers in mode groups reaching the receiver are rarely 
equal. 

Chromatic dispersion is represented by the first factor 
in eqn. (1), which from now on is included in our 
calculus. In the sequel, we shall assume the following 
typical parameters [7]: for 850 nm D=-10 ps/(nm⋅km), σλ 
=0,35 nm, and for 1300 nm D=-140 ps/(nm⋅km), σλ =0,5 
nm. Furthermore, we use [8,9] for the calculation of the 
group delays, and values of differential mode attenuation 
(DMA) were computed according to [11], with respective 
parameters ρ = 9, η = 7,35, and intrinsic attenuation: 3 

dB/km (850 nm), and 0,55 dB/km (1300 nm), 
respectively. 

 
Figure 2. Mean frequency response for a fiber with a core diameter equal 
to 50 μm, L= 1 km, NA=0.2, λ=850 nm, D= -140 ps/(nm⋅km), Δλ=0.35 
nm, N=18, g=2.15. Mode launch according to (4). Solid lines – excited 
modes  1...18, dashed lines-  excited modes 1...6, dotted lines- excited 

modes 7...12; σ=0.5 
 

 
Figure. 3. Mean frequency response for a fiber with a core diameter 
equal to 50 μm, L= 1 km, NA=0,2, λ=1300 nm, D= -10 ps/(nm⋅km), 

Δλ=0.5 nm, N=11, g=2.15. Mode launch according to (4). Solid lines – 
excited modes  1...11, dashed lines-  excited modes 1...4, dotted lines- 

excited modes 5...8: σ=0.1 
 

A crucial factor influencing frequency response is the 
launch type expressed by mode group powers, Pk. 
Generally, there are uniform launches such as overfilled 
launch (OFL), where all modes have more or less equal 
powers, and restricted mode launches (RML), when only 
subsets of mode groups are excited and their powers are a 
function of k. In order to model the statistical variability 
of excitation a random factor was added to the expression 
for Pk. As a result, it was assumed in the calculus that the 
powers Pk are given by 
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for a uniform launch (excitation), and by  
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for a restricted launch. 

http://www.photonics.pl/PLP © 2009 Photonics Society of Poland 



PHOTONICS LETTERS OF POLAND, VOL. 1 (2), 94-96 (2009) 96

 
 

Figure 4. Mean frequency response for a fiber with a core diameter equal 
to 50 μm, L= 1 km, NA=0.2, λ=850 nm, D= -140 ps/(nm⋅km), Δλ=0.35 
nm, N=18, g=2.15. Mode launch according to (5). Solid lines – excited 
modes  1...18, dashed lines-  excited modes 1...6, dotted lines- excited 

modes 7...12:  σ=0.1 

 
 

Figure 5. Mean frequency response for a fiber with a core diameter equal 
to 50 μm, L= 1 km, NA=0,2, λ=1300 nm, D= -10 ps/(nm⋅km), Δλ=0.5 
nm, N=11, g=2.15. Mode launch according to (5). Solid lines – excited 
modes  1...11, dashed lines-  excited modes 1...4, dotted lines- excited 

modes 5...8: A) σ=0.5 
 

In the formulas above, kp and kk determine the number 
of the first and the last excited mode groups (for a 
restricted launch those correspond to half maximum), σ is 
the standard deviation of the random factor, and xk is the 
realization of a random variable with zero mean and unit 
variance. It turned out that the pdf of this variable has 
negligible impact on the results, therefore a uniform pdf 
was used throughout calculations. The form of eqn. (5) 
follows from the typical powers of mode groups obtained 
in restricted launches. 

Due to a random factor used in calculation we define 
the mean frequency response as 
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where E is the statistical mean operator. The values from 
eqns. (4), (5) as well as parameters for group delay, 
chromatic dispersion and DMA were inserted into (1) and 

values of H(f) for different realizations of random 
variables were calculated. Finally, the function A(f) was 
obtained according to (6). The number of averaged 
functions H(f) was sufficient to avoid any dependence on  
realization of random variables. The results are shown in 
Fig. 2…5 for the 10 GHz frequency range and two 
wavelengths 850 nm and 1300 nm. The profile parameter 
was set equal for the two wavelength (g=2.15) to obtain 
comparable baseband width. 

In this study, we investigated the possibilities of signal 
transmission outside the baseband of MM fiber. It was 
proved that there are frequency passbands suitable for 
SCM transmission if the number of mode groups 
propagating is not to large and in the absence of mode 
mixing in the fiber. These conditions are usually satisfied 
for typical contemporary GI silica fibers. On the other 
hand, SI fibers are not suitable for SCM transmission due 
to a large number of modes propagating and strong mode 
group mixing. It was also shown that the widths of the 
passbands are directly related to the baseband width (they 
are usually equal). Given a GI silica fiber it is always 
better to use longer wavelengths, and a restricted mode 
launch (RML). The reason for this is that for short 
wavelengths chromatic dispersion plays an important 
role. Furthermore, as opposed to a short wavelength and 
an overfilled launch (OFL), a longer wavelength and 
RML result in fewer mode groups propagating in the 
fiber. Under these conditions the signal attenuation over 
the passbands is reduced. It is necessary to stress that 
these results have been obtained for regular profiles of 
refraction index. If this condition is not satisfied the mode 
group approach may not be suitable.   

 
References 
[1] C. Xia, M. Ajgaonkar, W. Rosenkranz, Journ. of Lightwave Techn.,  

23, (2005) 2001 
[2]  J. Siuzdak, G. Stepniak, L. Maksymiuk, ECOC 2008,  We.3.F.6 
[3] N. Guan, K. Takenaga, S. Matsuo, and K. Himeno, Journ. Lightwave 

Techn., 22, (2004) 1714 
[4] A.M. Diab, J.D. Ingham, R.V. Penty, and I.H. White, Journ. 

Lightwave Techn., 23, (2005) 2380 
[5] E.J. Tyler, P. Kourtessis, M. Webster, E.Rochart, T. Quinlan, S.E. 

Dudley, S.D. Walker, R.V. Penty, and I.H. White, Journ. Lightwave 
Techn., 21, (2003) 3237 

[6] I. Gasulla, J. Capmany, MWP’06, (2006) 1 
[7]  A. Diab, J.D. Ingham, R.V. Penty, I.H. White,  Journ. of Lightwave 

Techn., 23, (2005) 2380 
[8]  H. Unger, Planar optical waveguides and fibres, Oxford University 

Press, Oxford 1977 
[9]  R. Olshansky, D.B. Keck, Applied Optics, 15, (1976) 483 
[10] J. Siuzdak, R. Nowak, G. Stępniak, Proceedings of the ISCA 

Conference,  2005 
[11] G. Yabre, Journ. of Lightwave Techn., 18, (2000), 166-177, February 

2000 

http://www.photonics.pl/PLP © 2009 Photonics Society of Poland 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


