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Introduction to PAM4 Modulation
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» NRZ(PAM2): > PAMA:
v' 2 amplitude levels v 4 amplitude levels
v 1 bit =1 symbol, one eye in each Ul v 2 bit =1 symbol, 3 eye in each Ul
v' 56Gbaud for 56 Gbps v 28Gbaud for 56 Gbps

-Nyquist frequency = 28GHz -Nyquist frequency = 14GHz
v BER=1E-15 v BER=1E-15
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Introduction to PAM4 Modulation

PAM4
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OIF CEI-56G-LR-PAM4 Specifics

» OIF-CEI-4.0 (drafting)

» This paper based on OIF CEI-56G-LR-PAM4
(contribute number: OIF2014.380.03)
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IBIS-AMI Model Simulation for 56G PAM4 Signals

» IBIS-AMI model used for NRZ simulation is widely applied today
» IBIS-AMI model used for PAM4 simulation is still new

» Sl engineers are facing new challenges
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IBIS-AMI Model Simulation for 56G PAM4 Signals
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The Impact of Channel Characteristics

» 56G-PAM4 systems performance depends on the channel characteristics
including IL/RL, crosstalk, impedance, etc.
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The Impact of Resonance Frequency of Insertion LosSs
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Case Simulations for Different Resonance Frequencies
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Case Simulations for Different Resonance Frequencies

® Case3
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Case Simulations for Different Resonance Frequencies

® Case5
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Factor Analysis for Resonance Frequency of Insertion Loss

» The resonance frequency affect all the three EyeHeights and EyeWidths
-The more close to the Nyquist frequency, the eye getting worse until completely
closed
» The resonance frequency should be more than 29GHz in our cases
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The Impact of Resonance Depth of Insertion Loss
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Case Simulations for Different Resonance Depths
® Casel
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Case Simulations for Different Resonance Depths

® Case3
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Case Simulations for Different Resonance Depths
® Case5
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Case Simulations for Different Resonance Depths
® Case?/
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Factor Analysis for Resonance Depth of Insertion Loss

» The deeper of the resonance, the eye getting worse
» The depth of the resonance is less impact to the eye diagram than the

frequency of the resonance
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The Impact of Impedance Discontinuity

» Channel length: 20in, differential impedance:

Casel-10in 1050hm +10 in 950hm

Case2-(5in 1050hm +5 in 950hm )*2
Case3-(2.5in 1050hm +2.5 in 950hm) *4
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Case5-(5in 108ohm +5 in 920hm )*2

Caseb-(2.5in 108ohm +2.5 in 92o0hm) *4
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1000hm

Case7-10in 110o0hm +10 in 90ohm
Case8-(5in 110ohm +5 in 90ohm )*2
Case9-(2.5in 110ohm +2.5 in 90ohm) *4
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Case Simulations for Impedance Discontinuity

® Casel
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Case Simulations for Impedance Discontinuity

® Case3
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Case Simulations for Impedance Discontinuity

® Caseb
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Case Simulations for Impedance Discontinuity

® Case?7
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Case Simulations for Impedance Discontinuity
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Factor Analysis for Impedance Discontinuity

» The diagrams including 3 valleys and the depth is greater in turn
- The impedance fluctuations of the signal channel affect the EyeHeight more than
the EyeWidth
- Common impedance tolerance +/-10% is not acceptable in the 56G PAM4 systems
- The impedance tolerance is recommend to be less than or equal to +/-8%
- Reduce the discontinuity points as possible as you can
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The Impact of Channel Crosstalk
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Case Simulations

® Casel

® Ca
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Case Simulations for Channel Crosstalk

® Case3
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Case Simulations for Channel C

® Case?

rosstalk
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Case Simulations for Channel Crosstalk

® Case9
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Case Simulations for Channe

® Casell
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Factor Analysis for Channel Crosstalk

» NEXT is more influential to the 56G-PAM4 systems than FEXT
» ICN limited:
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- To be less than 4mV for all crosstalk is NEXT
- To be 4mV is OK for all crosstalk is FEXT
- To be less than 4mV for half of crosstalk is FEXT and the other half of crosstalk is NEXT
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Agenda

B Introduction to PAM4 Modulation

B OIF CEI-56G-LR-PAM4 Specifics

B |BIS-AMI Model Simulation for 56G PAM4 Signals

B The Impact of Channel Characteristics to 56G PAM4 Systems

B Summary




Summary

® The 56G-PAM4 standard is still in continuous update

® |BIS-AMI model works well for 56G PAM4 systems simulation, although the
PAM4 modeling is new until today

® After the analysis, we obtain some conclusions about the impact of channel
characteristics to the 56G-LR PAM4 systems
—The IL resonance frequency should be more than 29GHz
—The IL resonance depth should be as smaller as possible
—The impedance tolerance is recommended to be less than or equal to
+/-8%, and to reduce the discontinuity points as possible as you can
—NEXT is playing the leading role in the crosstalk and you might pay
more attention to NEXT than FEXT
—ICN of crosstalk must be less than 4mV and is recommended to be less than
3mV
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