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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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Outline 
Á PCIe® 3.0 transceiver capability 

V Tx 

V Rx 

Á PCIe 2.0 and 3.0 channels  

V Channel insertion and return losses 

Á PCIe 3.0 Link   

V Legacy/beyond specification channels 

VWork-around methods 

ïUsing transceiver with more EQ capability 

ÅMore TX EQ capability 

ÅMore RX EQ capability 

ÅPower penalty   

ïUsing re-timer 

ÅExtension range  

ÅPower penalty   

Á Summary  
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PCIe 3.0 Tx EQ Spec  

ÁData rate 

V8.0 Gbps 

ÁBER 

V10-12 

ÁTx:  

V3- tap FIR  

(1 pre-tap, 1 post-tap) EQ  
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PCIe 3.0 Rx EQ Spec  

ÁData rate 

V8.0 Gbps 

ÁBER 

V10-12 

ÁTx:  

V1st order CTLE 

V1-tap DFE  
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PCIe 2.0 Channel Spec  

ÁChannel representation  

VS-parameter  

V IL can be -14 dB at Nyquist of  

    2.5 GHz for some worse channel  

ÁTx representation 

VFIR EQ has 1 post tap with  

    6 dB gain 

VBehavior model with jitter and noise 

ÁRx representation 

VReference behavior model is not needed      

ÁSimulator  

VComprehend Tx jitter and noise 

VComprehend Tx<->CH interaction 

VSimulate EW and EH at the channel ref load  

VCompare them with the Rx input thresholds   
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PCIe 3.0 Channel Spec  

ÁChannel representation  

VS-parameter or SBR  

V IL can be -28 dB at Nyquist of 

  4 GHz for some worst case channels 

ÁTx representation 

V3-tap FIR EQ  

VBehavior model with jitter and noise 

ÁRx representation 

V1st order CTLE and 1-tap DFE 

V1st order CDR 

V  Behavior model with jitter and noise    

ÁSimulator (e.g., Seasim)  

VComprehend Tx and Rx jitter and noise 

VComprehend Tx<->CH<->Rx interaction 

VSimulate EW and EH Rx data latch  

VCompare them with the pass/fail thresholds   
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PCIe 3.0 EQ Capability  

ÁThe best case EQ range   
 

 

 

ÁThis assumes  

VCH xtalk is small (e.g., < -25 dB) and channel is loss 
dominated  

ÁWhat if xtalk is significant?    

VCH IL has to be smaller in order keep a minimum SNR 
for the link to operate at an acceptable BER (i.e., 1e-12)  

ÁExample  

VIf CH xtalk is -15 dB, the complied CH IL is likely to be 
significantly better than -15 dB 
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Simulation Setup 
Á Simulation Platform 

V Altera JNEye 

Á PCIe TX using generic TX Model (Refer to page 397 in PCIe Spec.) 

V VOD = 804mV 

V 10%-90% Rise/Fall Time = 35ps (Gaussian Edge Filter) 

Á Simulation with hybrid method 

V TX DJ: Time-Domain, deterministic 

V TX RJ, RX DJ, RX RJ: Statistical-Domain 

V Crosstalk is modeled using bounded noise PDF obtained in time-domain 

V EQ Configurations were obtained using various automatic/adaptive 
methods 

Á Jitter Configuration (for both PCIe TX/RX and FPGA TX/RX) 

V PW-RJ = 1.0ps  

V PWïDDJ = 10ps 

V LF-DDJ = 7 ps 

V LF-RJ = 1.55 ps 
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Channel Beyond PCIe 3.0  
EQ Capability (Case 1)   

   

 

 

 

11 

20ò BP w/  

2 FEXT Aggressors 

EH = 32mV 

EW = 0.33UI 

20ò BP w/  

3 FEXT Aggressors 

EH = 23mV 

EW = 0.25UI 

20ò BP w/ 

4 FEXT Aggressors 

EH = 11mV 

EW = 0.16UI 

Backplane Channel Characteristics 

Failed Spec. 

IL=-25dB (BP+PCIe PKG) 

FEXT x1 =-43dB 

Few Crosstalk/Noise Margins 

Failed Spec. 
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Channel Beyond PCIe 3.0  
EQ Capability (Case 2)   
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20ò BP w/ 

2 FEXT Aggressors 

ÅEH = 32mV 

ÅEW = 0.33UI 

ÅTX-FIR=[-0.04, 0.92, -0.04] 

ÅCTLE = 9dB 

ÅDFE = [-18] mV 

20ò BP + 5ò FR4 w/ 

2 FEXT Aggressors 

ÅEH = 16mV 

ÅEW = 0.25UI 

ÅTX-FIR=[-0, 0.96, -0.04] 

ÅCTLE = 11dB 

ÅDFE = [-16] mV 

Failed Spec. 

Few Channel Insertion Loss Margins 

20ò BP + 10ò FR4 w/ 

2 FEXT Aggressors 

ÅEH = 7mV 

ÅEW = 0.24UI 

ÅTX-FIR=[-0.13, 0.83, -0.04] 

ÅCTLE = 12dB 

ÅDFE = [-11] mV 

Failed Spec. 

Extended Backplane Channel Characteristics 

PCIe Package 

20ò BP Only 

20ò BP  + 5ò FR4 

20ò BP  + 10ò FR4 

20ò BP  + 15ò FR4 

20ò BP  + 20ò FR4 
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Overview for a Generic Link   

ÁN-tap Tx FIR 

ÁMultiple stage CTLE 

ÁM-tap DFE 

CLK/PLL

PISO LEQ Driver Buffer LEQ SIPO

CR/PLL

D Q

Tx Rx

Channel

DFE
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Work-Around Method 1 for 
Non-Complied Channel (Case 1A)   
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ÁPCIe 3.0 TX -> FPGA RX 
 

20ò BP w/ 

2 FEXT Aggressors 

ÅEH = 261mV 

ÅEW = 0.49UI 

ÅTX-FIR=[0, 1.0, 0] 

ÅCTLE = ~14dB (AC), -1dB 

(DC)  

ÅDFE = [0, 0.11, -0.04, 0.02,     

-0.04] 

20ò BP w/ 

4 FEXT Aggressors 

ÅEH = 230mV 

ÅEW = 0.45UI 

ÅTX-FIR=[0, 1.0, 0] 

ÅCTLE = ~14dB (AC), -1dB 

(DC)  

ÅDFE = [0, 0.11, -0.04, 0.02,     

-0.04] 

20ò BP w/ 

8 FEXT Aggressors 

ÅEH = 165mV 

ÅEW = 0.34UI 

ÅTX-FIR=[0, 1.0, 0] 

ÅCTLE = ~14dB (AC), -1dB 

(DC)  

ÅDFE = [0, 0.11, -0.04, 0.02,     

-0.04] 

Backplane Channel Characteristics 

IL=-21dB (BP+FPGA/PCIe PKG) 

FEXT x1 =-43dB 

P
K

G

PLL

SER
TX 

FIR

TX 

DRV

PCIe TX

Channel

P
K

G CTLE DFE

CDR

DES

FPGA RX
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Work-Around Method 1 for  
Non-Complied Channel (Case 1B)   

15 

ÁFPGA TX -> PCIe 3.0 RX 
 

 

 

20ò BP w/ 

4 FEXT Aggressors 

ÅEH = 41mV 

ÅEW = 0.30UI 

ÅFPGA TX-VOD = 1V 

ÅFPGA TX-FIR=[-0.08, 0.83,    

-0.09, 0] 

ÅCTLE=8dB 

ÅDFE = [-21] mV 

20ò BP w/ 

8 FEXT Aggressors 

ÅEH = 0mV 

ÅEW = 0UI 

ÅFPGA TX-VOD = 1V 

ÅFPGA TX-FIR =[-0.08, 0.83,    

-0.09, 0] 

ÅCTLE=8dB 

ÅDFE = [-21] mV 

20ò BP w/ 

2 FEXT Aggressors 

ÅEH = 60mV 

ÅEW = 0.41UI 

ÅFPGA TX-VOD = 0.8V 

ÅFPGA TX-FIR=[-0.09 ,  0.82,  

-0.1, 0] 

ÅCTLE=8dB 

ÅDFE = [-13] mV 

Failed Spec. 

IL=-21dB (BP+FPGA/PCIe PKG) 

FEXT x1 =-43dB 

Backplane Channel Characteristics 
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