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Start! Select! Sim! 

www.ti.com/interfacedesigner 

http://www.ti.com/interfacedesigner


Configure the Simulation Components 

• Transmit 
– Utilize Tx FIR  
– Emulate PCIe settings 
 

• Channel 
– Set “Insertion Loss at Nyquist” to define channel attenuation 

• Alternate Method for Channel 
– Import your own S4P file to use in the simulation 

• Receiver 
– Utilize TI CTLE to emulate PCIe Rx  
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Presenter
Presentation Notes
Input channel set to -14 dB, output channel set to -6.5 dB to mimic the S5D design.



Equalizer Theory 

4 

dB 

Frequency 

dB 

Frequency 

dB 

Frequency 

Channel EQ Total Response 

Continuous Time 
Linear Equalization 
(CTLE) 

Equalizer goals: 
Remove loss variations over frequency (ISI, Dj). Similar amplitude for higher-frequency 

signals and lower-frequency signals  or make the loss equal over frequencies, hence 
“equalizer” 

Work with link training algorithms by remaining a linear function. 
 

Common Terminology:  Nyquist Frequency (GHz) = ½ Data Rate (Gbps) 



PCIe Linear Equalization Example 
• Using Linear Equalization to compensate for channel losses and pass 

analog waveform information 
– Linear Equalization  
– Equalization (Link or Backchannel) Training 
– WEBENCH configuration 
– Simulation Results 
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Linear Equalization Theory 
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Link Equalization Training 
• Many popular serial interfaces use this type of handshake 

– PCIe (8 Gbps), 10G-KR (10 Gbps), SAS (12 Gbps) 
– Uses Rx EQ to tune the attached Tx FIR coefficients 
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Presenter
Presentation Notes
Step 1: Receiving EQ decides how it wants to change the TX FIR settings based on it’s own internal algorithm and ideals.Step 2: Updates are transmitted back to connected port via an adjacent channelStep 3: Tx FIR settings are updated and message is sent to Receiving EQThis process can cycle many times until the receiving EQ decides the link is optimal.This is a high level graphic, individual standards have minor implementation differences.



PCIe - Transmit Equalization 
  PCIe Standard WEBENCH Generic_TX Settings 
Preset 
Number 

Pre-cursor 
(dB) 

De-emphasis 
(dB) 

Pre (%) Pst1 (%) Swing (mV) 

P4 0.0 0.0 0.0 0.0 1000 
P1 0.0 -3.5 0.0 -16.6 1000 
P0 0.0 -6.0 0.0 -25.0 1000 
P9 3.5 0.0 -16.6 0.0 1000 
P8 3.5 -3.5 -12.5 -12.5 1000 
P7 3.5 -6.0 -10.0 -20.0 1000 
P5 1.9 0.0 -10.0 0.0 1000 
P6 2.5 0.0 -12.5 0.0 1000 
P3 0.0 -2.5 0.0 -12.5 1000 
P2 0.0 -4.4 0.0 -20.0 1000 
P10 0.0 -9.5 0.0 -33.0 1000 
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PCI Express Transmit Preset Ratios 

Gen 3  

Gen 1  



Simulation Setup with DS80PCI810 
• Configure Channel 1 

– 14 dB loss 
– CPU Package + Trace 

• Configure Channel 2 
– 6.5 dB loss 

• Models  
– Tx set to Preset 7 
– SigCon set as shown  
– Rx set to 6 dB gain 
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Presenter
Presentation Notes
Webench also supports the ability to load your own s-parameter files and has the ability to create eye masks for pass/fail testing



Simulation Results 
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Presenter
Presentation Notes
Transmit Preset 7 does a substantial (about 60%) amount to compensate for PCB and Package losses in Channel 1.



Simulation Results 
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Presenter
Presentation Notes
6 dB gain setting on PCIe Rx is sufficient to compensate for attenuation induced ISI jitter.



Simulation Setup with DS80PCI810 
• Configure Channel 1 

– 14 dB loss 
– CPU Package + Trace 

• Configure Channel 2 
– 6.5 dB loss 

• Models  
– Tx set to Preset 1 
– SigCon set as shown  
– Rx set to 6 dB gain 

 

 
 

12 

Presenter
Presentation Notes
Reset simulation with PCIe Tx set to Preset 1 (3.5 dB gain).  This was a standard setting for previous generations of PCIe devices (Gen1 and Gen2).The lower Tx equalization requires the DS80PCI810 setting to increase to compensate for more of the overall channel attenuation.



Simulation Results 
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Presenter
Presentation Notes
Transmit Preset 1 does much less to compensate for PCB and Package losses in Channel 1.  SC_IN eye opening is much smaller.  With higher equalization setting the DS80PCI810 is working harder to compensate for channel losses.



Simulation Results 
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Presenter
Presentation Notes
6 dB gain setting on PCIe Rx is sufficient to compensate for attenuation induced ISI jitter.
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Extra Information 
PCIe Simulation - Lab Correlation 



PCIe Preset 7: Lab vs. WEBENCH Simulation 
• Repurposed 25G TI Retimer IP as Tx generator to run at 8 Gbps 
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  PCIe Standard WEBENCH Generic_TX Settings 
Preset 
Number 

Pre-cursor 
(dB) 

De-emphasis 
(dB) 

Pre (%) Pst1 (%) Swing (mV) 

P7 3.5 -6.0 -10.0 -20.0 1000 

Presenter
Presentation Notes
Remember to consider package loss as part of the channel.  Large devices could have package losses up to 5 dB @ 8 GHz.



PCIe Preset 7: Driving 14” of Trace 

• Test Channel: PCIe Breakout + Short Calibration Channel 
• Nominal Attenuation: -12 dB @ 4 GHz 
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Lab Measurement                    WEBENCH Simulation 

Presenter
Presentation Notes
The benefits of transmit equalization can clearly be seen if we add a simple channel to the transmit output.  The channel selected follows the attenuation characteristics of a PCIe Breakout + Short Calibration channel (nominally -12 dB @ 4 GHz). For a real world measurement a 14” test trace approximates this level of signal loss.



PCIe Preset 7: Driving 24” of Trace 

• Test Channel: PCIe Breakout + Long Calibration Channel 
• Nominal Attenuation: -20 dB @ 4 GHz 
• The open eye at 14” has collapsed due to the increased channel loss. 
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Lab Measurement                    WEBENCH Simulation 

Presenter
Presentation Notes
To really showcase the impact of attenuation on jitter a Long Calibration Channel is inserted in place of the Short Channel.  This increases the overall channel loss by 8 dB. At this point in the received waveform still has an eye opening, but it is very small.



Simulation Window with DS80PCI810 
• Configure input channel 

– 20 dB loss 
– Hit “Apply” 

• Configure output channel 
– 1 dB loss 
– Hit “Apply” 

• Device configuration 
– Set BST to 3 
– Set VOD to 4 
– Hit “Apply” 
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Presenter
Presentation Notes
Webench also supports the ability to load your own s-parameter files and has the ability to create eye masks for pass/fail testing



Effect of adding DS80PCI810 Linear Equalization 

• DS80PCI810 Settings:  
– EQ = 11’b (Model Level 3 of 4) 
– VOD = 011’b (Model Level 4 of 8)  

• Equalized waveform retains analog characteristics 
– Required for equalization link training algorithms 
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Simulation -12 dB 
Without PCI810 

Simulation -20 dB 
With PCI810 

8 dB Reach Extension!!! 



Effect of adding DS80PCI810 Linear Equalization 

• DS80PCI810 Settings:  
– EQ = 11’b (Model Level 3 of 4) 
– VOD = 011’b (Model Level 4 of 8)  
– VOD_DB = 000’b  (Model Level 1 – minimum) 
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Lab Measurement 14” 
Without PCI810 

Lab Measurement 24” 
With PCI810 

10” Reach Extension!!! 
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