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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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Introduction 

ÁChallenges of meeting increased bandwidth 
demand 

VHigher data rates 

VHigher densities   

VBandwidth limiters 

ïIC package, PCB traces/vias, connectors 

ÁEnhancements in PCIe 3.0 

VTransmit equalization 

VReceive equalization 

VEqualization training 
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PCIe 

Architecture 

Raw Bit 

Rate (GT/s) 

Interconnect 

Bandwidth 

(Gb/s) 

Bandwidth 

per Lane per 

Direction 

(MB/s) 

Total 

Bandwidth for 

x16 channels 

(GB/s) 

PCIe 1.x 
2003 

2.5 2.0 ~250 ~8 

PCIe 2.x 
2006 

5.0 4.0 ~500 ~16 

PCIe 3.0 
2010 

8.0 8.0 ~1000 ~32 

PCIe 4.0  

Target Release 

2014/2015 

16.0 16.0 ~2000 ~64 

Doubling Bandwidth Every 3 ï 4 Years 
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PCIe Bandwidth Overview 
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PCIe 3.0 Overview 

ÁData rate: 8 GT/s 

ÁData encoding: 128b/130b with data scrambling 

ÁEqualization enhancement: 

VTransmitter equalization 

VReceiver equalization 

VEqualization training 

ÁPLL bandwidth reduction 

ÁTransmitter jitter parameter breakdown 

ÁCalibration of 20dB test channel @ 4GHz vs. 2.5GHz 
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PCB Trace Response 
Copper Loss vs. Signal Frequency 
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Frequency and Bit Response 
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Line card 

trace 
Pkg. 

Tx IC 

Edge 

connector 

Backplane 

trace 

Edge 

connector 
Line card 

trace 
Pkg. 

Rx IC Backplane Channel 

Reflection and dispersion cause inter-symbol interference (ISI) 
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Electrical Backplane Channel 
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Simplified System Block Diagram 
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TX EQ: PCIe 2.x vs PCIe 3.0 

ÁPCIe 2.x 

VTwo fixed de-emphasis filter values (-3.5dB and -6.0dB) 

VStatic or fixed coefficients 

ÁPCIe 3.0 

V3-tap FIR filter with variable coefficients  

VAddition of transmitter per-cursor equalization 

VCoefficients resolution 1/63 ï 1/24 (>200+ settings) 

V11 defined preset levels 

VDynamically optimized coefficients through backchannel 
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ÁPCIe 2.x: Two legal equalization setting with 1/63 resolution 

ÁPCIe 3.0: 3-tap FIR EQ with coefficient resolution of 1/63 ï 1/24 

Time De-emphasis 

1 
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Tx EQ: PCIe 2.x vs PCIe 3.0 
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TX EQ: PCIe 3.0 

ÁThe input stream propagates  
through a series of delay lines  

VEach line has a delay of  
one unit interval (1.0UI) 

ÁThe input signal is sampled   
between each delay line and  
multiplied by a weighting factor (Cn) 

VNegative subscripts compensate ñpre-cursorò ISI, referred as pre-
shoot ï before transition 

VPositive subscripts compensate for  ñpost-cursorò ISI, referred to as 
de-emphasis ï after transition 

VThe outputs from weights are summed to produce the transmitter 
output 
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PCIe 3.0 Tx Presets 
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PCIe 3.0 Tx EQ Limitations 

Tx Output Rx Input Rx Eye 
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Receiver Equalization 
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ÁContinuous Time Linear Equalizer (CTLE) 

VEmphasize the high frequency content 

VCan be made adaptive 

VPVT variations difficult to control 

 

ÁDecision Feedback Equalizer (DFE) 

VNon-linear equalizer 

VCancels the ISI from the previous bits 

VNo crosstalk enhancement 

VAdaptively tuned without backchannel  

VA large number of taps can result in a  complex 
design and higher power 
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PCIe 3.0 Equalization Example 
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Á RX with Combined Linear (CTLE) + Nonlinear (DFE) Equalization 

V CTLE ï high frequency signal boost to compensate for the channel loss 

ï High frequency Signal and Noise boosted  Č Signal to noise ratio (SNR) suffers 

V DFE ï uses previous data bit values to determine equalization 

ï Overcomes the effect of discrete channel discontinuities due to vias and backplanes Č 
improving SNR 
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