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Introduction   

   
In discussions on combining G.652.D/G.657.A1 and G.657.A2 in the same network the first issue that is brought up is the 
increase of splice loss due to MFD mismatch. 
 
In this paper we will estimate expected splice losses due to MFD mismatch of fibers with a normal distributed MFD. We 
neglect all other parameters that in practice influence splice loss. Splice loss is calculated with: 

αsplice = −20 ∙ log ( 2 ∙
MFD1 ∙ MFD2

MFD1
2 + MFD2

2) 

 
To calculate expected average splice loss of cables with different fibre types we further take the distribution of the MFD's of 
the fibers in the two cables into account. 
 
 

Splice loss calculations based upon a worst case ITU-T MFD scenario 
 
G.652.D and G.657 prescribe a nominal MFD in a range from 8.6 to 9.2 µm and a tolerance of ± 0.4 µm. 
We can put the splice loss values for various MFD combinations in a matrix which is shown in figure 1. The vertical axis 
gives the G.652.D/G.657.A1 MFD values, the horizontal axis the G.657.A2 MFD values. 

 

Figure 1: Splice loss of combinations in dB 
 
The worst case value that can be expected is 0.107 dB, average of all combinations is 0.0271 dB. 
 
The average value here is not the average we can expect when we splice two complete cables together. To estimate a 
practical cable splice loss average we have to know the probability of occurrence of all MFD combinations. 
 
For further calculations we assume that the MFD values of the fibers have a normal distribution. 
In a worst case we have a G.657.A2 with a nominal MFD on the low side of the ITU-T range as mentioned above, with a 
nominal MFD of 8.6 µm, and a G.652.D/G.657.A1 with the nominal MFD on the high side of the range with a nominal MFD 
of 9.2 μm. 
 
With the assumed normal distribution 99.99% of the MFD values for the G.652.D/G.657.A1 fibers lie between 8.75 and  
9.64 µm for μ = 9.2 μm and σ =0.115 μm. MFD values of the G.657.A2 fibers lie between 8.15 and 9.04 µm for μ = 8.6 μm 
and σ =0.122 μm. 
The probability matrix of the various combinations is given in figure 2. 
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Figure 2: Probability of occurrence of MFD combinations 
 
From the 2 figures we can see that the worst case MFD combination 8.2 - 9.6 µm has a virtually zero probability of 
occurrence (in casu 0.02%) in a practical cable situation. 
Figure 3 shows the matrix of splice losses multiplied with their respective probabilities of occurrence. 

 

Figure 3: Splice loss multiplied by probability of occurrence of combinations 
 
The weighted splice loss of 0.02 dB represents what one can expect as average splice loss between a cable with 
G.652.D/G.657.A1 fibers and a cable with G.657.A2 fibers. 
In figure 4 the combinations are shown that result in a splice loss exceeding 0.05 dB. 

 

Figure 4: Splice loss of combinations in dB 
 
Adding up the probabilities of the corresponding cells in figure 2 we arrive at a chance of 1.84% that a fibre splice between 
the G.652.D/G.657.A1 and the G.657.A2 cable exceeds 0.05 dB. 
 
For comparison in table 1 a few key figures a given for splicing cables with the same fibre types and the hybrid situation for 
splicing cables with different fibre types. 
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Cable 1 Cable 2 
Splicing loss [dB]  

Worst case Weighted avarage  

G.652.D / G.657.A1 G.652.D / G.657.A1 0.034 0.0015  
G.657.A2 G.657.A2 0.038 0.0018  
G.652.D / G.657.A1 G.657.A2 0.107 0.0213  

Table 1 
    

 
 

    

Splice loss calculations based upon actual MFD distributions of TKF fibers 
   
In this paragraph splice losses are calculated based upon splice loss probabilities using MFD distributions as found in 
actual production of TKF fibers. The MFD distribution data are given in table 2. 
 

Fibre type 
MFD1310nm [μm]   

μ σ   

G.652.D / G.657.A1 9.0 0.07   
G.657.A2 8.6 0.06   

Table 2 
 
The matrix in figure 5 shows the loss values for the various possible MFD combinations. In the row header the 
G.652.D/G.657.A1 MFD values, in the column header the G.657.A2 MFD values. 

 

Figure 5: Splice loss of combinations in dB 
   
The probability of occurrence matrix of the various combinations is given in figure 6. 

 

Figure 6: Probability of occurrence of MFD combinations 
 
From figures 5 and 6 we can see that the worst case MFD combination 8.2 - 9.6 µm has a virtually zero probability of 
occurrence (in casu 2∙10-9%) in a practical cable situation. 
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Figure 7 shows the matrix of splice losses multiplied with their respective probabilities of occurrence. 

 

Figure 7: Splice loss multiplied by probability of occurrence of combinations 
 
The weighted splice loss of 0.01 dB represents what one can expect as average splice loss between a TKF cable with 
G.652.D/G.657.A1 fibers and a TKF cable with G.657.A2 fibers. 
In figure 8 the combinations resulting in a splice loss exceeding 0.05 dB are given. 

 

Figure 8: Splice loss of combinations in dB 

   
By adding up the probabilities of the corresponding cells in figure 6 we arrive at a chance of 4∙10-7% that a fibre splice 
between the G.652.D/G.657.A1 and the G.657.A2 cable exceeds 0.05 dB. The highest splice loss with a probability of 
occurrence higher than 1% is 0.20 dB. 
 
For comparison in table 3 a few key figures are given for splicing cables with the same fibre types as well as for the hybrid 
situation where cables with different fibre types are spliced. 
 

Cable 1 Cable 2 
Splicing loss [dB]  

Worst case Weighted avarage  

G.652.D / G.657.A1 G.652.D / G.657.A1 0.034 0.0006  
G.657.A2 G.657.A2 0.038 0.0005  
G.652.D / G.657.A1 G.657.A2 0.081 0.0095  

Table 3 
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