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Introduction 

• There have been several previous presentations related to 
the use of 56Gbaud PAM4 (100Gb/s per channel) as a 
fundamental technology for addressing  one or more of 
the 802.3bs SMF objectives. 

 

• This presentation focuses on validating the technical 
feasibility of a 56Gbaud PAM4 optical link model, through 
experimental measurements.  

 

• The experimental setup used to obtain these results is not 
intended to be an implementation proposal. 
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Scope of this work 

Verify technical feasibility of 56G PAM4 (>100Gb/s each) and 
proposed link budget. 
 
• Understand pre-FEC limits over: 

– 2 km link (objective on Duplex SMF). 
– Up to 56 Gbaud (PAM4) on optical lanes. 

 

• Steps followed: 
– Built PAM4 (up to 56GBaud) electrical generator. 
– Emulate PAM4 (up to 56GBaud) optical link. 
– Acquire waveforms, run post-processing.    
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PAM 4 electrical generator 
built with discrete 

components 

Tektronix 
DSA8300 

sampling scope 
80E09 60GHz 

electrical heads 

Anritsu 
MP1821A 
56G Mux 

Skew minimized  
here 

NRZ eyes 

6dB 
att. 

Mux 

NRZ eyes 

MSB LSB 

Delay 
Line  

Delay 
Line  

To phase ref 
module 

56GBaud  53GBaud  50GBaud  

45GBaud  40GBaud  28GBaud  

Increasing the bit rate RN also DN contribution  
(ISI due to BW limitations) increase. 

PRBS31 electrical eyes 
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1310nm 

PAM 4 optical tester set-up 
  

Opt. 
Power 
Meter 

Agilent DSA-X  
96204Q 62Ghz 
(160Gs/s real 
time scope) 

Matlab 

VOA 

Tektronix 
DSA8300 

sampling scope 
80E09 60GHz 

electrical heads 
80C15 32GHz 

Optical module 

  2.2km 

PM 
Laser 

Anritsu 
MP1821A 
56G Mux 

Skew minimized  
here 

NRZ eyes 

PIN + Linear 
TIA (Discovery 
Semiconductor 

DC3409) 

6dB 
att. 

Mux 

NRZ eyes 

MSB LSB 

S-D Fujitsu LiNbO3 
Modulator 
35GHz BW 

Delay 
Line  

Delay 
Line  

5% 
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40GBaud PAM4 

Total BER 0 (<1E-5) Total BER 0 (<1E-5) 

45GBaud PAM4 51GBaud PAM4 

Total BER 8.04E-05 Total BER 1.85E-4 

56GBaud PAM4 

Acquired (blue) 
training (red) 

sequences 

FFE taps  
Settings 

[22 taps, T/2] 

Received 
eye 

Equalized 
eye 

Processing - characteristics at different rates ( -3dBm input power). 
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PAM4: measured BER and calculated SNR versus rate and OMA (2km). 

Degrations 
due to PIN TIA overload distortion 

(see backup)  

SNR (dB) calculated as: 
 
EyeOpens = MeanLevel(2:end)-MeanLevel(1:end-1); 
EyeNoise = StdLevel(1:end-1)+StdLevel(2:end); 
EyeSNR = 20*log10(EyeOpens./EyeNoise); 

Current 400G PAM  
link budget 
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Comparing with previous works (bhatt_3bs_01a_0714) 

This work  
PAM-4, 112 Gb/s 
BER 1.85E-4  

bhatt_3bs_01a_0714 
PAM-4, 107 Gb/s 
BER 3.4E-3 
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Comparison with previous works - bhatt_3bs_01a_0714 

This work (3.4E-3 line kept just as reference) 9 



• Technical feasibility of 56G PAM4, for a potential 400G CWDM 
solution (>100Gb/s each wavelength) has been verified. 

 
• Link model validation (400G on Duplex SMF - 2 km) - results in 

line with previous works. 
 
• Improved PAM4 electrical  generator and ADC (ENOB > 5bits) 

should provide better results. 
•   
• Beyond 100Gb/s (50GBaud) operation a FEC able to correct BER > 

1E-4 seems needed.  
Several FEC options which meet this requirement  have been previously 
presented in 802.3bs. 

  

Summary 
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Thank You  



Back-up 
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 Four-Wavelength 400G on Duplex SMF: Link model (proposed into bhatt_3bs_01a_0714) 
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Processed (real time) vs Sampling scope eyes  

30GBaud EO (TP2) 36GBaud EOE (TIA output)   

40GHz bandwidth 
Electrical head 

32GHz bandwidth 
 Optical head 

Cannot get a 
«clear» PAM4 
eye beyond 
45GBaud:  
MSB/LSB eyes 
showing ISI 
impairment.  

45G MSB/LSB 51G MSB/LSB 56G MSB/LSB 

40GBaud 
EOE (TIA 
output)  

60GHz BW (Electrical head) 

Sampling scope 

Processed from RT scope 

62GHz BW real edge input 
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PIN/TIA overload: PAM4 levels compression (test done at 16GBaud). 

-2dBm -1dBm 

0dBm +1dBm 

+2dBm +3dBm 

PIN/TIA overload lead into PAM4 level compression. 
Formula defined to quantify it is: 
 
 
 
 
Below table showing >1dB impact on SNR, with no 
propagation dependence as expected.   
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