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Agenda 

 USB4 Challenges 

 USB4 Compliance Kit 

 USB4 AMI Model parameters 

 Requirements to pass USB4 Gen 4 Compliance 

 USB4 Spec 

o This presentation refers to tables and sections defined in the USB4 Specification V2.0 

o https://www.usb.org/document-library/usb4r-specification-v20  

 TX/RX AMI Optimization 

 TX/RX AMI and Channel Co-Optimization  

 Conclusions 
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 USB4 PAM3 

 Equalization 

o Tx AMI Model 

 42 presets 

 2 precursor taps 

 1 postcursor tap 

o Rx AMI Model 

 2 stage CTLE 

 12 tap DFE 

 SNDR (Signal to Noise Distortion Ratio) 

o Not a standard serial link measurement 

USB4 Gen 4 Compliance Challenges 
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PAM3 Overview 

● MLT-3 was included in patent (#5280500) which was filed by Mario, Luca, and Maurilio in 1991  

● Multi-Level Transition (MLT-3) was used on 100Base-TX (802.3u) in 1995.  

● PAM3 (8b/6t) was adopted into 100BASE-T4 (100 Mbit/s over four-pair UTP cable) in 1995 as 

well 

● USB4 V2.0 adopted PAM3 to support 40Gbps/lane speed for USB4 Gen4 

● PAM3 offers larger vertical eye openings compared with PAM4 and less bandwidth requirement 

than NRZ (PAM2) 

● Key technical details 
– 25.6Gtps to support 40Gbps 

– 11b/7t (1.57 bits per symbol) encode/decode scheme  

– 2048/2187 offers better overhead vs  USB 3.1/3.2 and USB4 128b/132b and 8b/10b USB3.0 encoding schemes 

– Pre-coding scheme is adopted to reduce the burst errors due to RX DFE (Decision Feedback Equalization) 

– Forward Error Correction (FEC) for PAM-3 is required for USB4 V2.  

– Reed-Solomon (480,504) FEC detects and corrects up to 12 errors per block 

– Combined with precoding, the resulting BER of 1E-19 is significantly better than 1E-12 for USB4 Gen3 20Gbps. 
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 25.6GBaud/S PAM3 Signaling (40 Gbps) 

 42 Preset TX AMI Model 

 Dual Stage CTLE with 12 Tap DFE RX AMI Model 

 Users can replace all Rx, Tx, PKG, and 

interconnect models with their own 

USB4 Compliance Kit Setup 
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 Tx Tests 

o Tx Level 

o Tx Differential Return Loss (Figure 3-31) 

o Tx Signal to Noise Distortion Ration 

(SNDR) (Section 3.2.3.4) 

 

 Rx Tests 

o End to End Channel Differential Insertion 

Loss @12.8 GHz 

o Differential Return Loss Mask (Figure 3-

35) 

o Receiver Tolerance Test (Section 3.2.4.2) 

Compliance Tests 
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 Tx Equalization 

o 42 presets defined in USB4 Spec 

o Default preset of Tx shall be configured to  

setting that obtains lowest data dependent 

jitter 

Tx AMI 

USB4 Gen4 TXAMI Model 
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 Rx Equalization 

 Dual stage CTLE with 12 tap DFE 

o All measurements at TP3 shall be taken while 

applying the reference equalization function 

Rx AMI 

Stage 1 CTLE 

Stage 2 CTLE 

Adapting DFE Coefficients 

8 

8 



 Tx levels mismatch ratio is calculated as a 

function of the mean PAM3 constellation 

levels 

 TX_LEVELS_MISMATCH = min{(V2-

V1)/Δ, (V1-V0)/Δ} 

 TX_LEVELS_MISMATCH >= 0.975 

Tx Level 
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 Tx Return Loss should only include Tx and 

PKG 

 IBIS File usage 

o Calculate output impedance and use C_Comp 

o Will use external model if pointed to in IBIS 

 

 

Tx Differential Return Loss – 3.2.3.7 
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 Ratio between linear fit pulse peak and the root square sum of linear fit error  and 

additive noise 

o SNDR is the variation between the ideal signal and the measured signal 

o Same as IEEE Ethernet standards 

 TX_SNDR >= 32.5dB 

Tx Signal to Noise and Distortion (SNDR) – 3.2.3.4 
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 Single point test at 12.8GHz 

o IL < -28.5 dB @ 12.8GHz 

o Die to Die 

End to End Channel Diff Insertion Loss – 3.2.4.2 
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 Rx Return Loss should only include Rx and PKG 

 IBIS File usage 

o Calculate input impedance and use C_Comp 

o Will use external model if pointed to in IBIS 

 

Rx Differential Return Loss – 3.2.4.1.2 
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 Receiver tested by injecting different sinusoidal jitter (SJ) one at a time. 

o Jitter frequencies 1 MHz, 2 MHz, 10 MHz, 50 MHz, and 100 MHz 

 Tx parameters configured to Table 3-27 

 Operate at BER of 1E-8 or lower 

Receiver Tolerance Testing – 3.2.4.2 
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USB4 Compliance Report 
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Eye Density 

USB4 Simulation Results 

Bathtub Curve 

Eye Contours 
Noise Bathtub 
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TX/RX AMI Optimization 

 Setup parameters for optimization 

o FFE Tap  

o CTE_1 select 

o CTE_2 select 

 Objective function 

o Optimize to maximize SNR 

o Sweeps required: 3276 (42x6x13) 

 

17 

17 



TX/RX AMI Optimization Results 

 Convergence history and Results Table.  View waveforms directly from Results Table 

 Sweeps required: 3276 (42x6x13) 

 AI-empowered optimization with less than 100 iterations  

 

 

 

RMB > Show Result 

Most Optimized 

Least Optimized 
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Cable Modeling Tool 
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TX/RX AMI and Channel Co-Optimization  

 Optimize around Cable Diameter and Tx, Rx AMI 

parameters 

– Simulate +/-20% manufacturing tolerances 

 Lowbound 0.8 

 Highbound 1.2 

– Ability to optimize any cable parameter that you wish 

– Discrete and continuous parameters 

– Sweep Iterations Required (1 mil steps):>4.7M 
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TX/RX AMI and Channel Co-Optimization Results 

 Convergence history and Results Table.  View waveforms directly 

from Results Table. 

– Optimize taps, and +/-20% at the same time (>4.7M sweeps) 

– AI-empowered optimization with less than 50 iterations  

 

 

 

Most Optimized – Diff Impedance of cable = 98Ω  

Least Optimized - Diff Impedance of cable = 108.9 Ω 
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 USB4 Challenges simulating next-gen interfaces 

– Unique measurements 

– Higher speeds and PAM-3 encoding 

 USB4 Compliance Kit 

– Tx & Rx Checks 

– Interconnect, Channels Checks 

– IBIS, AMI Models 

 USB4 optimization functions 

– TX/RX AMI parameter optimization 

– Channel design optimization & manufacturing tolerance simulations 

– TX/RX and Channel co-optimization 

Conclusion 
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 THANK YOU! 

& 

QUESTIONS? 

 
Please contact me at 

yangzhip@mst.edu or 

zhipingyang@JAY-Plus.com 

 
23 

mailto:yangzhip@mst.edu
mailto:zhipingyang@JAY-Plus.com
mailto:zhipingyang@JAY-Plus.com
mailto:zhipingyang@JAY-Plus.com

