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• PCIe Gen5 Testing Solution and Challenge

• Lab1: ADS Channel Simulator Overview

• Lab2: PCIE Gen5 Overview

• CTLE

• DFE

• Channel Tolerance

• Jitter

• EYE

• Lab3: PCIe Gen5 Testbench

• Lab4: Repeater (Retimer/ Redriver) Usage 

• Lab5: PCIe Gen5 Testbench with Retimer

• Summary

HSD Workshop
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• Help > F1

HSD Workshop
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• Help > F1
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www.keysight.com/find/ADS_tips

HSD Workshop

http://www.keysight.com/find/ADS_tips


6
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop

ID: EDA_Forum
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ID: SI_PI_EMC
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https://ezsimulation.blogspot.com/

HSD Workshop

https://ezsimulation.blogspot.com/
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• I/O Buffer Information Specification (IBIS)

• Algorithmic Model Interface (AMI)
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https://www.keysight.com/sg/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true

https://www.keysight.com/sg/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true
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R E T I M E R  R E Q U I R E D  W H E N  L O S S  E X C E E D S  - 3 6  D B O R  > 1  C O N N E C T O R

• Estimated allowable loss: ~= -36 dB @ 16 GHz

• Root complex pkg loss allowance ~= -9 dB @ 16 GHz

• Add-in Card pkg loss allowance ~= -4 dB @ 16 GHz

• Total AIC loss budget estimate = ~9 dB @ 16 GHz

• PCIe 5.0 CEM Connector loss budget ~= 1.5 dB @ 16 GHz
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d1

d2
d3

d1d2d3

LatchLatch

slicer
summer
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Latch

3 Taps DFE消除了Impulse 

Response 之後三個bits在取樣
點的影響(綠色圓點數值為0)

粉紅色曲線是補償訊號，
與輸入訊號(紅色曲線)相加之
後得到輸出訊號(藍色曲線)
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• 𝑑1 = (
ℎ1

ℎ0
) ≤ 0.8

• |𝑑2, 𝑑3| ≤ 20𝑚𝑉

Note: 
h1: tap magnitude 
h0: cursor strength 
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• Estimated allowable loss: ~= -36 dB @ 16 GHz

• Root complex pkg loss allowance ~= -9 dB @ 16 GHz

• Add-in Card pkg loss allowance ~= -4 dB @ 16 GHz

• Total AIC loss budget estimate = ~9 dB @ 16 GHz

• PCIe 5.0 CEM Connector loss budget ~= 1.5 dB @ 16 GHz
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• Deterministic edge jitter = (1/2) Deterministic pulse width jitter

• Random edge jitter = (1/sqrt(2)) Random pulse width jitter
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• 𝐸𝑦𝑒 𝐻𝑒𝑖𝑔ℎ𝑡 ≤ 15𝑚𝑉𝑃𝑃

• 𝐸𝑦𝑒 𝑊𝑖𝑑𝑡ℎ 𝑎𝑡 𝑧𝑒𝑟𝑜 𝑐𝑟𝑜𝑠𝑠𝑖𝑛𝑔 ≤ 0.3UI



31
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



32
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



33
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



34
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



35
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



36
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



37
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



38
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



39
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



40
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



41
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



42
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



43
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



44
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



45
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



46
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



47
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



48
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



49
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



50
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop



51
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline HSD Workshop

Insertion loss

As data rate rises, channel loss 

increases, eye open decreases.
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• Repeater is placed in the middle of a channel

• Equalizes incoming signal to compensates loss in upstream channel

• Retransmit signal into downstream channel and apply pre-emphasis

• Repeater is both Rx and Tx

• Two types of Repeater: Redriver and Retimer

RepeaterTx Rx
upstream

channel
downstream

channel
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Redriver

input

anlg
output

anlg

upstream

channel
downstream

channel
equalizer pre-

emphasis

Redriver

- Redriver output circuit is driven continuously by input signal

- No retiming is performed

Retimer

- Retimer output buffer is driven by switching events of flip-flop. Digital data is recovered.

- Clock-data recovery (CDR) retimes the output signal. Jitter in clock is passed down to 

downstream channel.

input

anlg

output

anlg

upstream

channel

downstream

channelequalizer
pre-

emphasis

Retimer

CDR

flip-flop

clk
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Try to maximize the EYE based on previous lab.
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.ibs model of Tx .ibs model of Redriver

1. Save Rx .ibs model as Repeater .ibs model

2. Change File name and Component name in .ibs file of repeater model

3. Copy Pin and Diff Pin definition from Tx .ibs model to Repeater .ibs model

2

3



62
Hot 

Key
Lab 1 Lab 5Lab 2 Lab 3 Lab 4Outline

.ibs model of Tx .ibs model of Redriver

4. Copy the remaining Tx part to Redriver .ibs file after definition of Rx model and 

before the ‘[END]’ command.

4
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• ADS provides a platform to validate your PCIe Gen5 design, and it can be done by

• Implementing JEDEC PCIe Gen5 specification by ADS generic TX/RX model.

• Simply using Gen5 AMI models provided by Keysight.

• Repeater will be widely used in PCIe Gen5 and beyond to make impossible possible.

• Batch Simulator can help gain insight among your system configurations.

HSD Workshop
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• https://community.keysight.com/thread/27162

• https://www.keysight.com/upload/cmc_upload/All/PCI-Express5-Specification-and-latest-information-of-Gen4-

testing.pdf?fbclid=IwAR3OtS4q7yPt7mnj2SuXq7mBc4OmK1AMhIM1py19pAQylGJXFWCg9_jN-FU

• https://www.keysight.com/sg/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true

HSD Workshop

https://community.keysight.com/thread/27162
https://www.keysight.com/upload/cmc_upload/All/PCI-Express5-Specification-and-latest-information-of-Gen4-testing.pdf?fbclid=IwAR3OtS4q7yPt7mnj2SuXq7mBc4OmK1AMhIM1py19pAQylGJXFWCg9_jN-FU
https://www.keysight.com/sg/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true



