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Line Signaling RequirementsLine Signaling Requirements

• Meet 10 Gb/s over a UTP CAT5e/6 channel 
with BER=10-10

• Backward compatible with 1000BASE-T
– Launch voltage of 2 Vp-p
– Base-band signaling (no modulation)
– Scrambling used to spread the TX spectrum

• Meet the EMI specification for emitted power 
(FCC Class A)



March 2003 Plato Labs

PAM signal requirement at BER = 10PAM signal requirement at BER = 10--1010
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SNR = 6log2(M) + Gap – Coding_Gain + Margin

Gap = 11.5dB   Coding_Gain = 6dB   Margin = 6dB
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Spectrum of various Line CodingSpectrum of various Line Coding
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Various Line Code NotchesVarious Line Code Notches
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Line Signaling ConclusionsLine Signaling Conclusions

• MLT-3 line-signal (used in 100BASE-T) causes 
considerable peaking around the pass-band 
and the notches

• PAM-5 requires the lowest detection SNR

• PAM-5 line-signal has been used before 
(100BASE-T2 & 1000BASE-T)

• PAM-5 allows line-signal’s baud-rate to be a 
multiple of XGMII’s baud-rate (not true of PAM-
9 & PAM-33)
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ClassClass--E 4E 4--Connector Channel ModelConnector Channel Model
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RateRate--reach Using Cancellationreach Using Cancellation
Option1Option1
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RateRate--reach Using Cancellationreach Using Cancellation
Option2Option2
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Analog Front End (AFE) modelAnalog Front End (AFE) model
for DSP Solutionfor DSP Solution
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• 2 Vp peak-to-peak PAM-M launch signal
• Analog differential blocks have only odd non-linearity
• Analog blocks are characterized by:

Y = βX(1+αX2)

• β block gain
• α 3rd order non-linearity coefficient

Assumptions for AFE Linearity Assumptions for AFE Linearity 
AnalysisAnalysis
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WorstWorst--case Noncase Non--linearity Error (0m)linearity Error (0m)
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Combined AFE Non-linearity (7 blocks)
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NonNon--linear AFE (PAMlinear AFE (PAM--5)5)
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NonNon--linear AFE (PAMlinear AFE (PAM--10)10)
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AFE Linearity Requirement vs. AFE Linearity Requirement vs. 
LineLine--SignalSignal
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42.30.455.742.000PAM-17
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WorstWorst--case Noncase Non--linearity Error (100m)linearity Error (100m)
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NonNon--linearity Analysis Conclusionslinearity Analysis Conclusions

• For a given PAM-M line-signal the 3rd order non-
linearity coefficient (α) inversely depends on M and  
square of peak launch signal

• Smaller the α higher the AFE complexity (area and 
power)

• 3.134Vp-p PAM-10 line-signal requires AFEs that are 
5.7X more linear than that of 2Vp-p PAM-5

• Let’s maintain 2Vp-p launch voltage (used in 100BASE-T 
and 1000BASE-T)

• Let’s maintain PAM-5 line-signal (used in 100BASE-T2 
and 1000BASE-T)
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LineLine--driver’s Availability in Deep driver’s Availability in Deep 
SubSub--micron CMOS Processmicron CMOS Process
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