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Roadmap (agenda) … 

 Comparison of reference designs:  100GBASE-SR4 

and FC-PI-6 

 Version 1: plug 100GBASE-SR4 transceiver into 

128GFC slot, no special screening, assumes IEEE 

uncorrected BER 

 Identify critical link budget parameters: 
• Tx risetime 

• Rx bandwidth 

• DJ + TP4 

 Tx risetime measurements using VECPq 

 Version 2: screened parts, assumes IEEE uncorrected 

BER 

 Next steps 
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Comparison of specifications 

Parameter Units 100GBASE-SR4 FC-PI-6 

System & Jitter 

Signaling rate Gbd 25.78125 28.0500 

Uncorrected BER Dimensionless 5x10-5 10-6 

Uncorrected Q Dimensionless 3.890592 4.753424 

DCD_DJ UI 0.05 0.00 

Deterministic Jitter UI 0.53 0.4 

Transmitter 

Min OMA dBm -3.0 -3.2 

Risetime (20%-80%) ps 21.0 20.8 

Wavelength, min nm 840 840 

Wavelength, max nm 860 860 

Spectral width nm 0.60 0.57 

RIN dB/Hz -128 -129 

Receiver 

Unstressed sensitivity dBm -11.2 -10.2 

Bandwidth GHz 18.047 20.00 
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Power budget comparison 

Parameter 100GBASE-SR4 FC-PI-6 

100 meters of OM4 assumed 

Connector loss 1.50 1.50 

Fiber attenuation 0.36 0.36 

ISI power penalty 3.16 3.14 

DJ eye closing 1.76 0.93 

Mode partition noise 0.11 0.15 

Laser RIN 0.74 0.61 

Modal noise 0.13 0.14 

Noise cross term 0.44 0.19 

Total penalties 8.20 7.02 

Power budget 8.20 7.00 
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Receiver sensitivity waterfall curve 
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Eye opening for reference designs 

 Consider temporal response model, 100 meters 

OM4, no noise and no jitter: 

 

 

 

 

 

 

 

 

 FC-PI-6 and 100GBASE-SR4 both predict 50% eye 

closure, resulting in 3 dB of Pisi penalty 
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32GFC deterministic jitter 

 Now add 0.4 UI of deterministic jitter as assumed in 

32GFC link budget 

 

 

 

 

 

 

 

 

 

 This adds another dB of eye closing! 
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100GBASE-SR4 deterministic jitter 

 A 4-lane configuration incurs additional crosstalk 

impairment.  Let us consider 0.53 UI of DJ: 

 

 

 

 

 

 

 

 

 

 This adds almost 2 dB of additional eye closing! 
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128GFC link budget – Version 1 

Start with 100GBASE-SR4 spread sheet 

Change signaling rate from 25.78125 Gbd up to 

28.050 Gbd (cell C4) 

Assume Ethernet uncorrected bit error tolerance 

of 5x10-5 

Assume no other changes in spread sheet 

parameters 

Result: link is broken at any length of fiber! 
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Version 1 eye 
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Opening the eye 

 With < 21% eye opening, it takes very little noise 

impairment to send our performance into a tail spin 

 We need to open the eye for a 128GFC link 

 This can only be done by reducing the composite link 

rise time 

 Composite link response is defined by 4 contributions: 

 Transmitter risetime 

 Receiver bandwidth 

 Fiber link modal bandwidth 

 Fiber link chromatic dispersion 
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Composite link response 
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Improving composite response time 

 For the transceiver manufacturer, there are only two 

parameters at our disposal for improving composite 

response time (and hence opening the eye a bit 

more) 

 One parameter is transmitter rise time 

 The second parameter is receiver bandwidth 

 (There is a third parameter, VCSEL spectral width, 

which impacts the fiber contributions, but this is 

typically a small contribution) 
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Measuring transmitter response (1 of 2) 

 Option 1:  measure rise time using standard methods 

as listed in  MSQS, then calculate implied eye opening 

using the link model. 

 Option 2:  measure eye opening in response to a 

defined test pattern, then calculate implied “effective” 

transmitter rise time using the link model. 

 We care most about eye opening, so let us make that 

our primary measure of transmitter response. 
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Measuring transmitter response (2 of 2) 

 For today’s measurements, use PRBS9 test pattern 

at 25.78125 Gbaud. 

 (Yes, we have a concern about pattern dependence.  

I hope to address that in the July meeting.) 

 Use short length of optical patch cord 

 Use an oscilloscope with a 19.3 GHz BT4 filter 

 Use pattern lock 

 Use averaging to suppress noise 

 Use the longest run sequences in the PRBS pattern 

to normalize the eye. 
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PRBS pattern capture 
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Normalizing the waveform 
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Waveform capture, lane 0 
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Waveform capture, lane 1 
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Waveform capture, lane 2 
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Waveform capture, lane 3 
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Model predictions for Gaussian transmitter 
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Overlay, lane 0 
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Overlay, lane 1 
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Overlay, lane 2 
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Overlay, lane 3 
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Effective risetime analysis 
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Lane ISI 

Effective 

transmitter 

rise time 

Overshoot 

0 0.7185 18.7 ps 1.271 

1 0.9173 10.7 ps 1.560 

2 0.7951 16.1 ps 1.315 

3 0.8798 12.7 ps 1.294 

• The most closed eye has the lowest overshoot 

• The most open eye has the highest overshoot 

• Difference:  transmitter pre-emphasis setting 



Version 2 

Apply 2 changes to 100GBASE-SR4 

spreadsheet:  

Change signaling rate from 25.78125 Gbd 

up to 28.050 Gbd (cell C4) 

Reduce Tx risetime from 21 ps to 18.7 ps 

(cell G2) 

No other changes 

Result:  link can go 70 meters 
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Disclaimer 

What I’ve shown today are early measurements. 

Finisar will need to test many more transceivers 

before we will commit to any particular 

performance numbers. 
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Next steps (planned for July meeting) 

Continued Tx response measurements: 

More VECPq-type measurements 

 TxVEC measurements 

Measurements of DJ + TP4eye 

Measurements of Rx bandwidth 
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Summary 

 We propose a measure of transmitter performance 

using a variant of VECPq 

 Measurements from Finisar CFP4 transceivers 

suggest that we might be able to tighten the 

transmitter rise time spec 

 Reducing the transmitter rise time significantly 

improves our 128GFC link budget 

33 



Backup 
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Analytic model – unit pulse response 

 B = nominal signaling rate 

 Tc = composite rise time (10% to 90%), see 

following slides for details 

 t is time 

 ℎ𝑢𝑝𝑝𝑒𝑟(𝑡) =

0.5 erf 
1.812

𝐵𝑇𝑐
𝐵𝑡 + 0.5 − 0.5 erf

1.812

𝐵𝑇𝑐
𝐵𝑡 − 0.5  

 ℎ𝑙𝑜𝑤𝑒𝑟 𝑡 = 1 − ℎ𝑢𝑝𝑝𝑒𝑟(𝑡) 

 1.812 = 2.0 𝑒𝑟𝑓−1(0.8) 
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Composite rise time Tc 

 Tc = composite rise time, 10% to 90% 

 𝑇𝑐
2 = 𝑇𝑣

2 + 𝑇𝑟
2 

 Tv = transmitter rise time, 10% to 90% 

 Tr = receiver rise time, 10% to 90% 
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Transmitter risetime 

 Subscript v stands for VCSEL 

 Let τv = transmitter rise time, 20% to 80%, which is 

our usual measure of transmitter performance 

  Assume Gaussian response: 

 

𝑇𝑣 = 1.5227 τ𝑣 

 

1.5227 =
𝑒𝑟𝑓𝑖𝑛𝑣 (0.8)

𝑒𝑟𝑓𝑖𝑛𝑣 (0.6)
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Receiver risetime 

 Tr = receiver rise time, 10% to 90% 

 

𝑇𝑟 =
0.349

𝐵𝑊
 

 

 BW = receiver 3dB bandwidth 

 

 This assumes a single pole low pass filter response.  

I haven’t calculated the rise time-bandwidth product 

for a 4th order Bessel-Thomson filter. 
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Extracting risetime from eye opening 

 Assume we have an eye opening of ISI (linear) 

 We can calculate the corresponding composite rise 

time from 

𝑇𝑐 =
0.5 𝑥 1.812

𝐵 𝑒𝑟𝑓𝑖𝑛𝑣
1
2

(𝐼𝑆𝐼 + 1)
 

 We calculate the effective transmitter rise time τv from 

τ𝑣 =
𝑇𝑐

2 −
0.349
𝐵𝑊

2

1.5227
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