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Disclaimer 
Presentation Disclaimer: All opinions, judgments, recommendations, etc. 
that are presented herein are the opinions of the presenter of the material 
and do not necessarily reflect the opinions of the PCI-SIG®. 
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PCI Express 8GT/s Link 
ÁPCI 3.0 8GT/s Electrical Key Changes 

VImproved Transmitter Equalizations  

V 3-Tap FIR 

VReceiver Equalization 

VCTLE + DFE 

VTransmitter Equalization Training  

VTX/RX interaction 

 

ÁSame Channel Reach Configuration as PCI 1.x/2.x 
Systems 

V1 or 2 connectors 

VUp to 20ò between Root Complex (RC) and End-Point 
(EP) 
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PCI 3.0 Link Configurations 
Á 2.5GT/s, 5GT/s, and 8GT/s Channels   

VClient Configuration:  

ï~14ò, 1 connector, few vias, mstrip 

ïLoss: -14dB to -20dB @ 4GHz 

 

 

 

 

VServer Configuration:  

ï~20ò, 2 connectors, vias, stripline 

ïLoss: -16dB to -25dB @ 4GHz 

14dB @ 4GHz 

16.7dB @ 4GHz 
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Challenges  
Á Improved TX/RX equalization schemes address SI needs 

for PCI channels 

VClient Channel: TX-FIR + RX CTLE 

VServer: TX-FIR + RX CTLE/1-Tap DFE 

VStress test predicts tight margins with TX and RX behavior 
models 
ï~20ò, 2-connector server configuration 

ïWith budgeted device noises and crosstalk 

 

 

ÁExtended Link Reach Needs  

VExample: Storage systems, long backplane, box-to-box or rack-to-
rack links 

ï20ò reach is not sufficient 

Seasim Simulation Results 
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Solutions for  
Extended Reach Systems 

ÁUse Repeater 

VRepeater: Amplify and compensate channel loss and ISI 

VPros:  

ïCan be used in existing systems 

ïExtending reach by >2X 

ïShort latency 

ÁReduce Channel Losses  

VUse FR-408, Magatron-6, thicker gauge cables 

V Pro 

ï Simplicity   

VCons:  

ïExtra components 

ïMay add intrinsic noise and jitter 

V Cons:  

ï Expensive 

ï New builds only 

ï Maximum 2X the reach 
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Extending Reach with a  
Repeater Requirements  

ÁPCI Express Interoperability Ą Key functions      

VChannel Equalization 

ïCompensate extra channel loss at 8 GT/s 

ïReduce RC/EP Equalization Loads   

VTransmitter Equalization Training 

ïTransparent to RC and EP  

VIdle detect 

ïRelay Idle detect 

VRX detect 

ïRelay RX detect for hot-plug (to power-down TX) 
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PCI Express Channel Equalization 

ÁRepeater Channel Equalization 

VCompensates front-end channel loss up to 35ò PCB 

ïWorks well for both PCB and cable media 

VRX ASIC (CTLE/DFE) compensates the second-half 
channel  

VTX-FIR assists the overall link 

VLow power consumption 
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PCI Express Repeater 
Equalization Performance 

Á Capable of compensating up to 35ò PCB traces 

V Low jitter, low noise, and low power consumption   

 

 

 

 

!ŦǘŜǊ млέ пƳƛƭ ҡǎǘǊƛǇ !ŦǘŜǊ нлέ пƳƛƭ ҡǎǘǊƛǇ !ŦǘŜǊ орέ пƳƛƭ ҡǎǘǊƛǇ 



PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 10 

PCI Express Extended Reach 
ñBest Practiceò  

ÁSingle Repeater Placement 

VBest option: symmetrical channel lengths 

VMay need to use TX-FIR to assist 

 

 

 
  

ÁRX-side Repeater    

VUtilize PCI Express Repeaters to perform the heavy-lifting part of 
channel equalization 
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8GT/s Transmitter         
Equalization Training 

ÁA PCI Express Repeater needs to interoperate with the 
8GT/s TX Equalization Training 

VDuring 8GT/s initialization, RX can adjust TX FIR coefficients 

ïPhase 0: RC loads firmware presets. Start RC and EPôs TX and RX  

ïPhase 1: RX equalization (2ms) and reach BER<10-4 

ïPhase 2: Downstream RX equalization (24ms), adjust upstream TX 
FIR coefficients 

ïPhase 3: Upstream RX equalization (24ms), adjust downstream TX 
FIR coefficients 

End Agent

PCI-Express

Link Training between the

Root Agent and End Agent

Root Agent

PCI-Express
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8GT/s Transmitter            
Equalization Training (cont.) 

ÁPCI Express repeater needs to be transparent during the 
training process 

VPhase 0, 1: Passing RC info. to EP and allow RX to start 

VPhase 2, 3: Positively feedback TX-FIRôs influences to RX so 
that RXôs adaptation algorithm can function correctly  

 

ÁA 8GT/s repeater provide transparent channel 
compensation between RC and EP 

VFrom TX and RXôs perspective:  

ïChannel becomes shorter with repeaterôs assistance  

ïReducing TX-FIR, RX CTLE/DFE workload 

 



PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 13 

8GT/s Repeater  
TX-FIR Transparency (cont.)   

Channel Characteristics 

15ò 4mil 
µstrip  

20ò 4mil 
µstrip  15ò µstrip  20ò µstrip  

TP1: TX Output 

(No De-emphasis) 

¢tпΥ !ŦǘŜǊ мрέ пƳƛƭ 
µstrip  

TP3: Repeater Output  TP2: TX Output 

(No De-emphasis) 

TP1: TX Output 

(~8dB De-emphasis) 

¢tпΥ !ŦǘŜǊ мрέ пƳƛƭ 
µstrip  

TP3: Repeater Output  TP2: TX Output 

(w/ ~8dB De-emphasis) 

Open 
Eyediagram at 
8GT/s RX after 
орέ t/.Η 
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8GT/s PCI Express Repeater  
TX-FIR Transparency (cont.)   

TP1: TX Output 

TX FIR º [0, 0.70, 0.29] 

(~8dB De-emphasis) 

¢tоΥ !ŦǘŜǊ прέ пƳƛƭ 
µstrip with Repeater  

Open 
Eyediagram 
at 8GT/s RX 
ŀŦǘŜǊ прέ 

PCB! 

TP3:  w/o TX EQ 

Channel 
Characteristics 

15ò 4mil 
µstrip  

30ò 4mil 
µstrip  
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8GT/s Transmitter Equalization 
Training with Repeater 

ÁA PCI Express Repeater is transparent to 8GT/s TX/RX 
Equalization Training 

VNo special setting for 8GT/s RC and EP 

V8GT/s RX see ñeffectsò from 8GT/s TX FIR 

VRepeaterôs internal EQ will not interfere 8GT/s TX FIR 

VAct as buffer to regain signal amplitude 

ÁBest Practices 

VSet PCI Express 8GT/s repeater first 

VTip: Start by setting repeater to match the front-end channel 
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2.5GT/s, 5GT/s, and 8GT/s         
Electrical Idle and Beacon Passing  

ÁA PCI Express repeater needs to ñrelayò IDLE 
signal 

VRC and EP can detect and react to EIOS, EIEOS, and 
Beacon 

 

ÁNeed to work well under various system 
configurations 

VAble to detect EIOS/EIEOS with long front-end channels 

VRelay EIOS, EIEOS, Beacon under PCI Express 
specifications 
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Relay 2.5GT/s, 5GT/s, and 8GT/s       
Idle and Beacon   

Á Meet PCI Express VTX-CM-DC-ACTIVE-IDLE-DELTA, VTX-IDLE-DIFF-AC-p, VTX-IDLE-DIFF-DC, 

TTX-IDLE-MIN, TTX-IDLE-SET-TO-IDLE, TTX-IDLE-TO-DIFF-DATA, VTX-EIEOS-FS, VRX-IDLE-DET-

DIFFp-p, and TRX-IDLE-DET-DIFF-ENTERTIME specifications 

EIOS IN 

EIOS OUT  

2.5GT/s 8GT/s 

After 40ò FR4 
No media 


