
50G PAM4 C2M ADS and COM Eye Simulation Comparison
Mike Dudek Cavium

Tao Hu Cavium

3/6/2017



Introduction

• This presentation explores the difference between ADS simulation and COM 

on an excellent chip to module link with and without crosstalk.

• The loss of the long package and host PCB traces used in COM are 

concatenated with a measured mated test fixture file which includes 

crosstalk.   No other degradations in the Tx and package and PCB traces are 

included.  

• All ADS simulation eye height and eye width measurements are from the 

ADS measurement methodology not the method adopted in the 802.3bs 

draft.

• A separate presentation will be made to investigate the effects of the other 

degradations.
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Methodology

• Characterize ADS PAM4 driver to match the Tx used in COM

• 0.8V voltage swing

• 8pS 20-80% risetime

• In ADS, sweep TX FIR and CTLE to find optimal eye at BER 1E-5
pre1:  -0.15 to 0 with step 0.05

pre2:  0 to 0.1 with step 0.025

post1: -0.25 to 0 with step 0.05

• Run simulation in COM to get eye height at BER 1E-5
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ADS PAM4 driver: 0.8V voltage swing and 8pS risetime 20-80% 
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Chip to module block diagram
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Cd=Cp=0pF

Z_c_pkg=Z_c_brd=100ohm

Transmitter and aggressors:

• 50ohm source impedance

• No jitter

• 0.8V peak voltage swing

• 8pS 20-80% risetime

Transmitter

Cd

30mm COM package model

w/ impedance Z_c_pkg

151mm COM pcb model

w/ impedance Z_c_brd
Cp

Aggressor1

Cd

30mm COM package model

w/ impedance Z_c_pkg

151mm COM pcb model

w/ impedance Z_c_brd
Cp

Aggressor2

Cd

30mm COM package model

w/ impedance Z_c_pkg

151mm COM pcb model

w/ impedance Z_c_brd
Cp

Aggressor3

Cd

30mm COM package model

w/ impedance Z_c_pkg

151mm COM pcb model

w/ impedance Z_c_brd
Cp QSFP mated test 

fixture w/ 3 FEXT

Thru

CTLE

53.125Gb/s

PRBS13Q

53.105Gb/s

PRBS31Q

53.145Gb/s

PRBS31Q

53.165Gb/s

PRBS31Q

Scope w/

4th-order 

33GHz BT 

filter



Mated QSFP test fixture insertion loss
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QSFP mated test fixtures THRU and FEXT
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MCB TX3->HCB TX3

MCB TX1->HCB TX3

MCB TX4->HCB TX3

MCB TX2->HCB TX3

FEXT measured per 

procedure for mated test 

boards =2.7mV rms.



151mm 100ohm PCB plus mated QSFP test fixture insertion loss
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ADS BER 1E-5 eye @ HCB w/o xtalk
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Optimal settings:

FIR: -0.1 0.85 -0.05 

CTLE:    6.5dB



ADS BER 1E-5 eye @ HCB w/ xtalk

Dudek 01 802.3bs Electrical Ad Hoc 3-6-1710

Optimal settings:

FIR: -0.1 0.85 -0.05 

CTLE:    6.5dB
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COM simulation



COM configurations
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COM results 
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com_ieee8023_93a_165('eq_qsfp_mtf.xls', 0, 0, 

'A_MCB_P1P3_TX3_tcard_P2P4_TX3.s4p')

com_ieee8023_93a_165('eq_qsfp_mtf.xls', 3, 0, 

'A_MCB_P1P3_TX3_tcard_P2P4_TX3.s4p',

'MCB_P1P3_TX1_HCB_P2P4_TX3_term_changed.s4p',

'MCB_P1P3_TX2_HCB_P2P4_TX3_term_changed.s4p',

'MCB_P1P3_TX4_HCB_P2P4_TX3_term_changed.s4p')

No xtalk With xtalk



ADS BER 1E-5 Eye @ HCB w/o xtalk using COM optimized 

settings
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COM settings:

FIR: 0.025 -0.15 0.825 0 0

CTLE: 7dB

Note VEO from COM was 63.5mV



ADS BER 1E-5 Eye @ HCB w/ xtalk using COM optimized 

settings
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Note VEO from COM was 62.3mV

COM settings:

FIR: 0.025 -0.15 0.825 0 0

CTLE: 7dB



Conclusions

• The adaptation in COM does not find the optimum settings for eye height 

and eye width.

• ADS simulation gives a significantly smaller eye height than COM VEO for 

the same settings.  

• The ADS eye height and COM VEO are similar for this test condition but that 

is because optimism in the simulation appears to be compensating for not 

finding the optimum settings.

• With an unrealistically good host and IC package the 32mV eye amplitude is 

easily achieved with a 10dB channel

• There is a small degradation in eye height with test board FEXT of 2.7mV .
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Backup.



30mm 100ohm COM package insertion loss
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151mm 100ohm COM PCB insertion loss
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CTLE curves
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