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1394b Multimode Fiber (MMF) Link
Specification Objectives

e Lowest Possible Link Cost By Leveraging & Relaxing Gigabit

Ethernet (GbE) Specifications For Shorter Link Lengths

e Focus On 2 GBd Specifications Initially To Create A Single
Link Specification Covering 1 & 2 GBd Operation

e Define A Future 4 GBd Link Specification Extension Which
Interoperates With The 1 & 2 GBd Specifications

e Achieve A Minimum 50 m Link Length With Both 62MMF &
50MMF
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1394b MMF Link Assumptions &
Analysis

e The Lowest Cost Source Technology To Achieve Moderate
Link Length For The 1-4 GBd Range Utilizes 850 nm
Vertical Cavity Surface Emitting Lasers (VCSELS)

e At 850 nm (Based On GbE & TIA FO 2.2 developments)
50/125 um Core/Cladding Diameter MMF (50MMF) Has A
500 MHz*km Worst Case Modal Bandwidth (WCMB) With
Laser Launch vs. 62MMF Having WCMB=160 MHz*km

e The Spread Sheet Link Analysis Model Adopted By GbE

Provides The Basis For Defining Optical Power Penalties &
Link Lengths
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—_— 2 GBd MMF Link Specification Process

e Leverage GbE MMF Link Specifications In Which The Laser 9 dB

Extinction Ratio (ER) Penalty Of 1.1 dB Is Built Into The - 17 dBm
Receiver Sensitivity Specification For Operation At 1.25 GBd

e Maintain Laser Output Power Range Of -4 (0 Future?) to - 10 dBm
To Ease Future Eye Safety & Laser Driver Implementation

e Reduce Receiver Sensitivity By 2 dB @ 1.6X Larger Bandwidth

e Reduce Budget To 6 dB vs. GbE's 8 dB (7 dB + ER Of 1.1 dB)

e Relax ER From 9 dB To 7.5 dB (Increases Link Penalty=1.56 dB)
e Show ER As An Explicit Link Penalty To Facilitate Trade-Offs
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— 2 GBd 1394b 62MMF Link With 850
nm VCSEL Leveraged From GbE

Uo= 0830 um, Un=0.85 nm, Tr=0.26 ns, k= 0.8, RIN=-117 dBMHz, ER=75 dB, MN=0.15 dB

6 r
Bni=160 MHz*km, Sa= 0093 ps/inn ’\Z*k;}{flo= 1.365|um, Att850 nm)= 95/dB/km
Data Rate=[2000 MBd, Br= 1600 M?Rélver Eye Opening(U=0.30, ?14 480 MHzZ'ns
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1394b 62MMF Link Operated At 1 GBd

Uo= 0830 um, Uw=085 nm, Tr=0.26 ns, k=08, RIN=-117 dBHz, ER=7.5 dB, MN=0.15dB

6
Bm=160 MHz*km, So= 0.093 ps/hny2*km, Uo=1.365 um, AH(AEO nm)=35 B/kAt‘]/.
Data Rate=(1000 MBd, Br= 1600 MHz, Receiver Eye Openi =030, C15 s
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— 2 GBd 1394b 50MMF Link With 850
nm VCSEL Leveraged From GbE

o Uo= 0830 um, Un= 085 nm, Tr=0.26 ns, k=08, RIN=-117 dBMHz, ER=75 dB, MN=03 dB

BmE 500 MHZkm, S=01 psihn24m, Uo= 1.320 um, Ati850nT)=35 —
Dt Rates: 2000 MBd, Bi= 1600 MHz, Receiver Eye Opening(UFs 0.30, CLi= 480 MHZ s
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1394b 50MMF Link Operated At 1 GBd

o Uo= 0830 um, Uw=085 nm, Tr=0.26 ns, k=08, RIN=-117 dBHz, ER=75 dB, MN=03 dB

Bnif‘-l\olliﬂmm Sa=0.11 pghm/|2*kimn, UJF 1320 um, ilj(BEO nm)=35 dE{B/km
Data MBd, Br= 1600 MHz, Receiver [Eye (Opening(UI)=|0.30, C1+ 480 MHz'ns
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For 50MMF Only, 50 m @ 2 GBd With

Relaxed Specs (Uw=3.0 nm, ER=7 dB)

. Uo=0.830 um, Uw=30 nm, Tr=026 ns, k=08, RIN=-117 dBHz, ER=7 dB, MN=03 dB

Bn—i&'ﬁ) MHZk, So= 011 psihnmi2*keh, Ud= 1320 U, At@80 r= 35 ckem
Data 2000 MiRd, Br= 1600 MHz, Receiver_Eyeoﬁ*li =030, C1+ 480 MHZ*ns
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1 & 2 GBd MMF Link Length Summary

e Power Budget Assumptions
» Transmitter Range: -4 (0 Future?) To -10 dBm
» Receiver Range: 0 To -16 dBm (Center-Of-Eye)

* 62MMF Limitation Of 50 m @ 2 GBd (ER=7.5 dB, Uw=0.85 nm)
» 62MMF : 50 m @ 2 GBd, 245 m @ 1 GBd
» 50MMF: 90 m @ 2 GBd, 460 m @ 1 GBd

e For 50MMF Only: Limitation 50 m @ 2 GBd With Relaxed Specs
» ER=7 dB, Uw=3.0 nm
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4 GBd Specifications Targeted To Be
Compatible With 1 & 2 GBd Links

e Reduce Laser Response Times (Tr,f) By 50% But Maintain
Transmitter Output Range: -4 (0 Future?) To -10 dBm

e Relax ER To Support Reduced Tr,f ; Must Increase Power
Budget To Compensate

e In RIN Penalty Calculation, Remove Laser Response Time
Filtering (Utilize Fiber + Receiver Bandwidth Filtering Only)

e Must Improve RIN Specification From -117 dB/Hz To -120

dB/Hz To Achieve 50 m Link With 50MMF (Due To Reduced
RIN Filtering)
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4 GBd 1394b 50MMF Link With Power
Budget=6 dB, ER=7.5 dB, Tr,f=0.13 ns
5 Uo= 0830 um, Un=0.85 nm, Tr=0.13 ns, k= 0.8, RIN=-120 dBHz, ER=75 dB, MN=03 dB
B 500 MHzkm, Sa= 0.1 psinnvi2skn, S50 nnly= 35 dBfkan
Data Rate= 4.0 GBd, Br= 3.2 GHz| Receiver i I} 0.30, C1= 480 MHiz*ns
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4 GBd 1394b 50MMF Link With Power
Budget=7 dB, ER=5.5 dB, Tr,f=0.13 ns
; Uo=0.830 um, Uw=0.85 nm, Tr=0.13 ns, k= 0.8, RIN=-120 dBHz, El_?=5.5dB MN=0.3dB
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4 GBd 50 m Link Specification Issues
(Relative To 1& 2 GBd Proposal)

e A 50 m Link Length Is Achievable Only With 50MMF

e With The Same Technology, Increasing Receiver Bandwidth
By 2X Reduces Receiver Sensitivity By 4 dB

e If ER=7.5dB, A 6 dB Power Budget Requires A 4 dB
Improvement In Receiver Sensitivity Relative To 2 GBd;
Requires A GaAs Detector & Preamplifier

e If ER Must Be Relaxed To 5.5 dB, The Power Budget Must
Be Increased To 7 dB; Requiring A 5 dB Improvement In
Receiver Sensitivity Which May Not Be Achievable With A
Single 3.3 V Supply
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Conclusions

e 1 & 2 GBd 1394b MMF Link Specifications

» Based On GbE, 50 m Link Length Specifications Are Readily
Achievable With Either 50MMF Or 62MMF

» Some Open Issues: MMF Fiber Type(s), Optical Connector,
Electrical 1/O Interface Definition & Transceiver Footprint
e Some Open Issues For Compatible 4 GBd Link Specification:
» How Much Must The Laser ER Be Relaxed?

» Can The Necessary Receiver Sensitivity & Dynamic Range Be
Achieved In A Cost Effective Manner?

» Can A Single 3.3 V Power Supply Be Utilized?
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