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Mode Partition Noise Penalty for PAM4 

• Factor of 9 for PAM4 

• Equivalent to 
• 3x k 

• 1.75x L, D, or spectral width 
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𝑃𝑀𝑃𝑁 𝑑𝐵 = −5 ∗ 𝑙𝑜𝑔 1 − 9 ∗ 𝑄2σ𝑀𝑃𝑁
2  

 

σ𝑀𝑃𝑁
2 =  

1

2
𝑘2 π𝐵 4 𝐷4𝐿4Δλ4  

• Length and spectral width have same impact on MPN 
• Double length = double spectral width 
• 300 m w/ 0.3 nm = 150 m w/ 0.6 nm 

 
• Other penalties don’t scale the same 

Lasky, et. al., “Optoelectronics for Data Communications”, 1995. 



Factor of 9 causes MPN to blow up 
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𝑃𝑀𝑃𝑁 𝑑𝐵 = −5 ∗ 𝑙𝑜𝑔 1 − 9 ∗ 𝑄2σ𝑀𝑃𝑁
2  

𝑃𝑀𝑃𝑁 𝑑𝐵 = −5 ∗ 𝑙𝑜𝑔 1 − 𝑄2σ𝑀𝑃𝑁
2  

Factor of 9 makes estimation of k less forgiving 



Experimental Setup 

• 100G BiDi transceiver on eval board 

• 2 wavelength channels, 850 and 910 nm with 50 Gbit/s PAM4 

• Test at 10oC and 31oC 

• Transmission measurements over OM5 fibers with EMB values close 
to spec 

• Back-to-back up to 300 m over OM5 

• Compare total transmission penalty to MPN penalty predicted by 
model with 4th power dependence on spectral width and fiber length 

4 



Starting with 0.4 dB predicted penalty, scale to match 
experiments 

𝑀𝑃𝑁 𝑑𝐵 = 0.4 ∗
𝑆𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑊𝑖𝑑𝑡ℎ

0.6 𝑛𝑚

4

∗
𝐹𝑖𝑏𝑒𝑟 𝐿𝑒𝑛𝑔𝑡ℎ

150 𝑚

4

∗
𝑄

3.414 𝑑𝐵
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0.4 dB MPN penalty  with: 
• 0.6 nm Spectral Width 
• 150 m OM5 fiber 
• Q = 3.414 dB 



850 nm 10oC 

• RMS Spectral Width = 0.331 nm 

• Center wavelength = 854.6 nm 

• Fiber EMB @ 850 nm = 4875 MHz*km 

• EMB spec = 4700 MHz*km 

 

 

 

 

 

 

 

6 



850 nm 10oC  

Predicted MPN penalty grows faster than measured total penalty 
Transmission penalty is from 
• Modal dispersion 
• Chromatic dispersion 
• MPN 
• RIN 
• etc. 

Length (m) 
Transmission Penalty 

@1e-5 (dB) 
Predicted MPN Penalty 

(dB) 

100 0.7 0.01 

150 0.9 0.06 

200 1.5 0.18 

300 2.4 0.93 
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850 nm 31oC 

• RMS Spectral Width = 0.312 nm 

• Center wavelength = 855.82 nm 

• Fiber EMB @ 850 nm = 4875 MHz*km 

• EMB spec = 4700 MHz*km 
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850 nm 31oC  

Transmission penalty is from 
• Modal dispersion 
• Chromatic dispersion 
• MPN 
• RIN 
• etc. 

Length (m) 
Transmission Penalty 

@1e-5 (dB) 
Predicted MPN Penalty 

(dB) 

100 0.3 0.01 

150 0.5 0.05 

200 0.9 0.14 

300 2.5 0.73 
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910 nm 31oC 

• RMS Spectral Width = 0.38 nm 

• Center wavelength = 906.6 nm 

• Fiber EMB @ 910 nm = 3900 MHz*km 

• EMB guidance ~ 3100 MHz*km 
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910 nm 31oC  

Predicted MPN penalty approaches total measured penalty 
Transmission penalty is from 
• Modal dispersion 
• Chromatic dispersion 
• MPN 
• RIN 
• etc. 

Length (m) 
Transmission Penalty 

@1e-5 (dB) 
Predicted MPN Penalty 

(dB) 

100 0.5 0.02 

150 0.5 0.1 

200 1.2 0.32 

300 2.3 1.61 
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910 nm 10oC 

• RMS Spectral Width = 0.41 nm 

• Center wavelength = 903.5 nm 

• Fiber EMB @ 910 nm = 3900 MHz*km 

• EMB guidance ~ 3100 MHz*km 

 

 

 

 

 

12 



910 nm 10oC  

Predicted MPN penalty exceeds total measured penalty > 250 m 
Transmission penalty is from 
• Modal dispersion 
• Chromatic dispersion 
• MPN 
• RIN 
• etc. 

Length (m) 
Transmission Penalty 

@1e-5 (dB) 
Predicted MPN Penalty 

(dB) 

150 0.2 0.14 

200 0.6 0.43 

300 1.7 2.18 
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Wider spectral widths lead to greater discrepancy between 
measured transmission penalty and predicted MPN penalty 

• As the spectral width increases, the predicted MPN penalty increases 

• MPN increases faster than measured penalty 

• Starting at ~0.38 nm, MPN penalty is greater than total penalty 

850 nm 

910 nm 
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Not physically possible 



Worst measured transmission penalty at 300 m = 2.5 dB 

• 850 nm channel, 0.31 nm spectral width 

• 850 nm channel, 0.33 nm spectral width penalty = 2.4 dB 

• Total transmission penalty for 0.65 nm spectral width over 150 m would 
be at most 2.5 dB 
• MPN and CD scale w/ spectral width and length 

• Modal dispersion, does not scale w/ spectral width 

• Actual penalty would be lower than 2.5 dB 
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Conclusions 

• PAM4 Transmission Experiments indicate that MPN penalty is lower 
than predicted at high predicted values of MPN 
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