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Background: 40G      4X10G, 400G      4X100G  

from booth_400_01_0513
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Background: 40G      4X10G, 400G      4X100G  

from maki_400_01_0513
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Background: 128GFC      4X32GFC  

from 13-162v1-128G32Gnegotiation – Scott Kipp – T11.2
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Background: Higher Speed VCSELs      InGaAs
• 25Gb/s 850nm VCSELs rumored to use InGaAs

quantum well active material, rather than GaAs
– Compressive strain leads to higher speed, lower threshold
– But addition of Indium leads to longer wavelength, so keeping 

at 850nm implies very thin wells and/or InAlGaAs
– Thus the benefits of InGaAs at 850nm are limited

• VCSELs at 900-1200nm can use much more Indium, 
without compromising, and achieve higher performance

• Directly-modulated VCSEL products at 40-56Gb/s are 
more feasible at ~900-1200nm than at 850nm

– and better at ~900-1200nm
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Advantages of Longer Wavelength  
• VCSEL related

– Higher speed (from higher differential gain)
– Lower operating current density
– Higher reliability
– Improved thermal dissipation (GaAs in mirrors better than AlGaAs)
– Higher temperature stability (higher well/barrier offset)
– Single-mode emission at larger aperture (lower current density)
– More binary-material content (GaAs replaces AlGaAs)

• Fiber related
– Lower chromatic dispersion
– Higher potential modal bandwidth (fewer modal groups; needs 

wavelength optimization to realize)
• Other

– Higher eyesafe power
– Higher Rx responsivity (lower photon energy; 1mW at 1060nm has 

about 1dB more photons/sec as 1mW at 850nm)
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InGaAs VCSELs  

• 950-1200nm InGaAs VCSELs are NOT “1310nm VCSELs”
– Extending VCSEL wavelength to 1310nm region must incorporate 

Nitrogen into the active material loss in performance

• 950-1200nm InGaAs VCSELs better than “850nm VCSELs”
– Adding Indium into the active material improved performance, as 

outlined in previous slide
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Issue: GaAs Photodetector limit ~860nm  
• Interoperability between imminent 840-860nm MMF TRx’s

and future 840-1200nm MMF TRx’s requires the imminent 
TRx’s to have Receivers sensitive over the 840-1200nm 
region.

• Problem: For wavelengths much above 860nm GaAs is 
transparent.     “Your GaAs is glass”

• Solution: Specify imminent MMF Rx’s to operate over 840-
1200nm, which implies use of InGaAs photodetectors
optimized for this region.

• Slight modifications to standard InGaAs PIN’s
– Replace most of InP top layer (absorbing below ~930nm) with InAlAs

or InAlGaAs (transparent above 840nm) – straightforward
– Make antireflection coating broadband - easy



9
jewell_01_0530_MMMAdHoc 802.3bm May 30, 2013 MMF Ad Hoc

“Dual-Channel” PIN Photodiode Product  
• GaAs PIN photodiodes have typical responsivity ~0.6 A/W
• This 10Gb/s product made for optical USB/Thunderbolt
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“Dual-Channel” PIN Photodiodes  

Optical USB/Thunderbolt
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Recommendation  
• Tx: Keep upper value of Lane wavelength (range) at 860nm
• Rx: Replace upper value of Lane wavelengths (range) from 860 to 1200nm

from P802.3bm-D1p0

keep 860

change to 1200
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One Scenario: Choose Optimal VCSEL λ
• E.g. choose 1100nm
• For OM3/4 MMF, specify the reach, accounting for improved 

speed, reduced chromatic dispersion, higher power, higher Rx 
responsivity, reduced modal bandwidth

• Specify a significantly-longer reach for MMF tuned for 
1100nm, accounting for the VCSEL improvements

• Effort would be undertaken in a future standard

1100nm

850nm 400G 
Module w/ 

1100nm Tx, 
BB Rx

SR4 Modules 
w/ 850nm Tx, 

BB Rx
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Other Scenarios (Economically Feasible?)
• 400G modules (at 8 X 50G) back compatibility with 2 100G 

SR4 modules using rate switching, analogously to Fibre-
Channel

• CWDM
• Bi-directional transmission

• Effort(s) would be undertaken in future standards
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Summary and Closing Perspectives
• MMF / VCSEL platform has delivered optical links at ~1/2 the 

cost/power of SMF links ever since 1GbE and 1GFC
• Proposed extension of Rx wavelength would 

– incur small-incremental  cost
– help VCSELs out of the “850nm rut” to satisfy future needs,           

e.g. 56Gb/s lane rates over ~100m
– enable future higher-performing modules (e.g. 400GbE at 25 or 

50Gb/s lane rates) to be back-compatible with 100G-SR4


