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Electrical Features 

ÁData rates 2.5GT/s, 5GT/s and 8GT/s 

Á10-12 bit error ratio 

ÁAC coupled 

ÁLink widths 1, 2, 4, 8, 16, 32 lanes 

ÁHot swap capable 

Á2.5 and 5GT/s scrambled + 8b10b 

Á8GT/s scrambled + 128/130 

ÁPower management 
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Power Management 

ÁThere are four power states defined 

VL0 ï operational  

VL0s ï fast wake-up (~10ns) 

ïTx and Rx disabled, clocks running for fast recovery, short 
CDR relock 

VL1 ï medium wake-up (~10us) 

ïTx and Rx disabled, clocks off, normal CDR and symbol lock, 
FIFO initialization 

VL2 ï longest wake-up (~1ms) 

ïMostly powered down, power-on recovery, full link training, 
speed negotiation, etc. 
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Doubling from 5GT/s 

ÁMajor goal was to make PCIe® 3.0 evolutionary 

VSupport existing usage models 

VPreserve Common Reference Clock and Data 
Clocked modes 

VRe-use of 5GT/s reference clock generators 

VRe-use of silicon PHY architectures 

ÁEvaluated channels at 10GT/s and 8GT/s 

V10GT/s would have allowed 8b10b coding to be 
preserved 
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8GT/s Wins 

ÁShown that a non-linear increase in difficulty to 
reach 10GT/s 

VIncreased channel improvement cost 

VIncreased power in silicon 

VIncreased difficulty for eco-system 

ÁConcluded the cost of changing encoding 
acceptable 

VA new scrambled encoding scheme was developed 

VEfficiency 20% better than 8b10b 
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8GT/s Enablers 

ÁReceiver equalization required 

ÁUse statistical channel analysis 

ÁIntroduce channel compliance 

VChannel simulation with behavioral Tx/Rx 

ÁReduce reference clock jitter sensitivity 

VTx/Rx PLL lower bandwidth 

VIncrease CDR bandwidth 

ÁMitigate baseline wander and crosstalk 

VPolynomial choice 

VLFSR offsets between adjacent lanes 
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New Encoding Scheme 

Á2 levels of encapsulation 

V128/130 code on individual lanes 

ï130 bit Block used for Block lock 

ï2 bit header distinguishes payload 

VPhysical layer packetization identifies packet 
boundaries 

ïLink Level (TLP and DLLP) across lanes 

ïLane Level (Ordered Sets or Link Idle) 

ÁScrambling for 128 bit payload 

VAdditive EXOR with 23bit LFSR 

VElectrical Idle Exit resets scrambler  
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Baseline Wander from PRBS 

ÁPRBS provides sufficient transition density but 
does not preserve DC balance 

VCreates a slow changing differential offset that 
reduces eye height 

ÁDifferent polynomials have different peak offsets 

VNeeded to find the best polynomial for AC coupling 
time constant  

ÁRandom data improves bad PRBS sequences 

VWorst case is free-running scrambler 
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Card Electromechanical (CEM) 
Form Factor Specification 
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PCI Express® 3.0  
CEM Goals 

ÁSame channel reach as for PCIe 2.0 
VClient: 14 inch, one connector 

VServer: 20 inch, two connectors 

ÁFull backwards interoperability with PCIe 1.x, PCIe 2.0 

ÁNo required changes to the connectors, card form 
factors, or material. 

ÁMinimal or no changes to the measurement 
methodologies from those used in the PCIe 1.x/2.0 
specifications.  

VUse eye diagrams (jitter/voltage margin requirements).  
Minimize additional new requirements. 
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ÁClient 
V Motherboard and adapter 

V 1 PCIe connector 

V No vias other than connector 

V Routed as mstrip 

VChannel length: ~14ò 

ÁServer 
V Motherboard, riser card, and 

adapter 

V 2 PCIe connectors 

V Several vias on motherboard 

V Routed primarily as stripline 

VChannel length: ~20ò 

ÁChannel analysis includes 
corner cases 

 Seg   Description 

  A   MCH PKG (transmitter)  

  B   Break Out 

  C   MB Main 7ò 

  D   MB post cap  

  E   Add in card main 3ò 

  F   Add in card PKG Break out 

  G   Add in card PKG (receiver) 

A 
C B 

D 
E 

G 

F Typical Client topology 

PCI Express 3.0 Channel Analysis 

2 Connector Server topology 

PCIe 3.0 targets support for the same channels and lengths as PCIe 2.0 
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CEM Spec ï TX Path 

T
X

T
X

R
X

R
X

PCE 

Conne

ctor

AC  Coupling 

Caps

System Board Add-in Card

System 
Board TX 

Add-in 
Card TX Component 

CEM Spec Defines TX Requirements for Chip + Interconnect 

No Separate TX Chip Or Interconnect Only Requirements. 
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8.0GT/s Statistical Channel 
Analysis 

13 

Statistical ISI  

Analysis 

Tool 
Tx jitter 

distribution 

Lossy Rx Tx 

Rx Sampling Clock Tx Clock 

Channel impulse 

response 

Equalization 

coefficients 
Xtalk impulse 

responses 

Rx sample timing & 

voltage uncertainty 

distributions 
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CEM Simulation Details 
ÁChannels 

VWorst case 2 connector 16ò server MB 

VWorst case 1 connecter 10ò client MB 

V4ò microstrip Add-in card. 

ÁTX jitter following base spec limits. 

ÁBase spec package models for TX and RX packages 

ÁEqualization 

VAdaptive 2-tap (pre/post) TX LE 

VReference Equalizer - 1st order Adaptive RX CTLE + 1 Tap DFE 

ÁPass/Fail Decision for End To End (ETE) Simulations 

VBase Spec RX test stressed eye (25 mV and .3 UI). 
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PCIe 3.0 CEM Simulation Method  
Step 1: End to End (E2E) Simulations 

Á Perform E2E simulations 

V Use target 1 connector and 2 connector solutions  

V Eye height (EH) and eye width (EW) examined after reference 
equalizer at eye pad. 

ï CTLE + 1 tap DFE and base spec package structure. 

ï Pass/fail determined by base spec RX test stressed eye  

V Statistical tools used for all simulations 

Á For each set of  MB parameters determine worst 
case eye across expected add-in card solution space 

Á Repeat with many motherboards 
Create a statistically significant number of MB 

descriptions.  (Vary channel lengths, Tx 

params, etc.) 

Various MB descriptions 

Sweep add-in card 

parameters over 

reasonable solution 

space 
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PCIe 3.0 CEM Simulation Method 
Step 2: Test Fixture Simulations 

Á Choose a test fixture 
ï2.0 CLB Test Fixture Used For Initial Investigation 

ïCEM spec pathfinding work showed better correlation with worst case E2E 
results with fixture with package model vs 2.0 CLB. 

Á Repeat previous MB simulations with test fixture  

ïDetermine an eye mask at compliance Test Point 

ïFind correlation between EH and EW at Test Point vs. E2E results 

ïUse TX presets only to match expected compliance test 

Á  Optimize number of  False Passes and False Fails 

Text fixture with SMP Connectors to 

óscope (CLB 3.0) 

Statistically significant number of MB 

Descriptions (same as E2E simulations) 
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Package Test Fixture Topology 

Á4ò test fixture 

Á CEM spec pathfinding work showed better correlation with worst case E2E results 

with fixture with package model on test fixture. 

Á Parameters shown for current CEM 3.0 CLB fixture proposal. 

Á S parameters for  fixtures used in CEM simulations are published. 

CPAD 

.8 pf 
CPIN 

.25 pf 

Package Parameters 
 

CPAD = .8 pf 

CPIN = 0.25 pf 

Len =  1.3ò 

Z0 = 85 Ohms  

T-line defined by 

length, Z0, fixed/unit length loss 

Source: Intel Corporation 

Base Spec RX Package Structure 
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Interpreting Simulation 
Results 

Passing 

Results 

Failing 

Results 

ñFalse 

Failuresò 

ñFalse 

Passesò 

Source: Intel Corporation 
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Client Tx E2E to CLB Eye 
 Height Correlation 

Á E2E threshold at 25.0mV 

Á CLB threshold range  

V 43 mv.  No False Passes 

V 27 mv. No False Failures. 

Source: Intel Corporation 
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Server Tx E2E to CLB Eye  
Height Correlation 

Á E2E  threshold at 25mV 

Á CLB threshold range  

V 42 mv. No False Passes 

V 22 mv. No False Failures. 

 

Source: Intel Corporation 
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CEM TX Limits 

ÁTest Channels 

VMB TX Test Channel 

ï4ò 85 ohm trace + reference RX package 

VAIC TX Test Channel 

ï16ò and 2 connectors + reference RX package 

ÁCTLE + 1 Tap DFE reference Equalizer 

ÁBER E-12 Limits (Same for AIC and MB) 

V34 mV  

V .33 UI 

ÁBER E-6 (Same for AIC and MB) 

V46 mV.   

V Informative ï for simplified lab measurement use. 
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Electrical Signaling 
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Transceiver and Channel 

23 

Channel 

Optional 

on-die AC coupling 

for 8b10b 

8GT/s allows floating 

Rx common-mode  

Rx term 

Tx EQ  

2-tap 2.5/5GT/s,  

3-tap 8GT/s 

AC coupled channel Rx Detect 

Tx 

Tx 

Rx 

Rx 

Tuneable Rx 

EQ 8GT/s 
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Voltage Definitions 

24 

Tx Common-mode Voltage 
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De-emphasis 

25 

The transmitter uses de-emphasis 

to equalize the HF loss of the 

channel 

 

Approximates the inverse of the 

channels step response 

 

Settings: 

-3.5dB for 2.5GT/s and 5GT/s 

-6dB for 5GT/s 

8GT/s: 

Adds a pre-cursor tap 

10-presets 

Coefficient tuning space 

-3.5dB 

-6dB 
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De-emphases Pulse Response 

26 

Effect of de-emphasis on pulse response and a lone pulse  
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De-emphasis in Frequency 
Domain 

27 

Red curve is 

equalized insertion 

loss of the channel 
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Transmitter 
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Transmitter Reference Plane 

ÁReference plane is DUT pin 

VMost convenient manufacturing boundary 

ÁFor 2.5 and 5GT/s 

VPackage losses are part of Tx performance 

ÁFor 8GT/s die pad, package route and package 
pin interactions are more significant 

VMakes fixture de-embedding inaccurate 

VTx EQ and jitter measurements inaccurate 

ÁUse data-dependent jitter separation 

VEffectively measure Tx jitter at die pad 

VUse LF measurement technique for presets at pin 
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Transmitter 
ÁDifferential ~100ohm transmitter 

VFS: 800-1200mV, HS: 400-800mV 

V0.75UI eye opening 

Á2.5/5GT/s 2-tap EQ 

VFS: -3.5dB and -6dB, HS: 0dB 

Á8GT/s 3-tap EQ 

V10 presets, min boost 8dB, coefficient tuning space 

ÁAC coupled channel series capacitor 

V2.5/5GT/s 75-265nF 

V2.5/5/8GT/s (Rev 3.0) 176-265nF 

ÁReturn Loss 

VSDD11 -10dB 2.5GT/s, -8dB 5GT/s, -4dB 8GT/s (differential) 

VSCC11 -6dB, -3dB 8GT/s (common-mode) 
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Transmitter LF Signaling 

ÁReceiver Detect 

VTx pulses common-mode and measures RC charge 
time of coupling caps 

VRx enables input termination to indicate presence for 
training 

ÁElectrical Idle 

VLow power, zero-differential, Tx common-mode 
maintained 

VUsed in L0s, L1 and L2 

ÁBeacon (optional) 

VEP breaks Electrical Idle and signals to RC complex it 
needs to send traffic 
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Transmitter Jitter Filtering 

32 

Transmitter jitter records are 

filtered by the minimum 

receiver CDR tracking 

bandwidth 

 

5GT/s uses a jitter frequency 

binning technique to bound 

CDR performance 

 

As data rate increases CDR 

tracking ability is increased to 

reduce sensitivity to 

transmitter LF jitter 
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Averaged Eye Diagram 

33 

fs: full swing 

ds: de-emphasis swing 

#: complement data 

dsČds fs#Čfs ds#Čfs fsČds 
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PCIe 3.0 Tx Jitter 

34 

ÁPCIe 3.0 Tx jitter is separated into two categories 
V Data Dependent: package loss, reflections, ISI 

V Uncorrelated Jitter: PLL jitter, power supply, duty cycle error 

ÁPulse Width Jitter (PWJ) 
V PWJ is a subset of uncorrelated jitter 

V PWJ is amplified by channel loss 

V Edges are assumed to be independent 

ÁRelationship between pulse width jitter and edge jitter 
V Important for measurement and channel simulation tools 

 

 
PWJ = PWmax-PWmin 

Edge Jitter DJ= PWJ_DJ/2 

Edge Jitter RJ = PWJ_RJ/ã2 
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Summary of Base vs CEM 
Differences for TX testing 

ÁCEM TX Testing is at the end of the CEM reference 
channel 

VEye can already be closed at CEM connector with long 
channel motherboards 

VWaveform based test with reference equalizer application in 
post-processing was chosen as the only option to asses 
overall TX interoperability of channel + silicon. 

ÁCEM TX test is an eye test @ BER E-12 after applying 
the reference equalizer.   

VNo jitter decomposition beyond Rj/Dj due to end of channel 
reference point. 

ÁCEM TX eye test only required to pass with ñbestò 
preset 

 
35 
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Summary of Base vs CEM 
Differences for TX testing 

ÁMotherboard TX test is done with real motherboard 
clock (not a clean/lab reference clock) 

VDo not want to add cost/complexity and require a 
motherboard to provide method for external clock source 

VWant a method that can test real off the shelf 
motherboards 

ÁMotherboard TX test is done by sampling data lane 
under test and 100 Mhz reference clock 
simultaneously (dual port methodology) 
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Dual Port Concept 

Channel Refclk 

Tx latch 

Tx 

PLL 

Compliance 

pattern 

Motherboard under test 

Channel 

Á How Does System Look With A Worst Case Spec Receiver? 

V Assume Common Clock Receiver 

V Assume worst case legal receiver PLL and add-in card delay 

Á Can test with/without SSC 

 

Worst Case 

Spec Receiver 

Use dual port to remove any issue testing with real clock or SSC 
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Receiver 
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Receiver 

Á2.5/5GT/s open eye specification, validated at device 
pin, package included in device budget 

VEye height 175/120mV 2.5/5GT/s 

VEye width 0.4/0.32UI 2.5/5GT/s 

VAC common-mode 300mV pk-pk 

Á8GT/s closed eye at pin, specified after applying 
behavioral receiver 

VDefines minimum Rx EQ performance 

VUsed for both Rx stressed eye calibration and channel 
compliance 

VEye height 25mV 8GT/s 

VEye width 0.3UI 8GT/s 

VAC common-mode 150mV pk-pk (EH<100mV) 250mV 
(EH>=100mV) 
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Receiver cont. 

ÁTermination 

V100ohm differential-mode 

V50ohm common-mode 

ï0v common-mode for detect 

ïAt 8GT/s Rx allowed to float common-mode  

ÅRequires LTSSM changes to avoid dead-locks 

ÁDifferential-mode return loss 

V10dB 2.5GT/s, 8dB 5GT/s, 5dB 8GT/s 

ÁCommon-mode return loss 

V6dB 2.5/5GT/s, 5dB 8GT/s 
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8GT/s Behavioral Rx CTLE 

fz fp2 fp1 

Adc 

fz = fp1 * Adc 

0dB 
-20dB/decade 

rolloff 

frequency 

Reference equalizer minimum Rx requirement 

fp2 8GHz for spec (implementation dependent) 

fp1 can be fixed ~2GHz 

Adc provides tuning, -6 to -12dB <=1dB steps  
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Behavioral Rx DFE 

42 

Effect of DFE on pulse 

response 

Block diagram of CTLE and 

1-tap DFE 
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Receiver Compliance Testing 

43 

Stressed eye calibrated at pin reference plane 

Error rate measured using loopback 

Pass BER 10-12 
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5GT/s Stressed Eye 
Calibration 

44 

Stressed Rx eye must simultaneously meet: 

Eye height (m1 all eye centers)  

Eye width (all crossing times)  

Minimum pulse width (m4-m3)  

Min-max ratio (m2:m1) 

m2 

m1 
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8GT/s Calibration Channels 

45 

Frequency domain mask used for ISI stress to match tuning range of Rx EQ 
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8GT/s Receiver Jitter 
Tolerance Testing 

46 

Validates that Rx can track LF jitter from refclk and Tx 
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Summary of Base vs CEM 
Differences for CEM MB RX Test 

ÁSingle Test Channel for MB (ñLong Channel Onlyò) 

VAdd-in card (AIC) portion of channel is small (4ò max) 

VCEM test channel is a CEM channel with CEM connectors 

VTwo channels for AIC (short/long) 

ÁNo AC Common Mode 

VIntentional simplification in CEM spec 

VAssumption that base is still being performed for silicon 

ÁDifferent Stressed Eye Limits 

V34 mV height and .33 UI (41.25 ps) width 

VPass/fail limits set with fixed channel due to complexity of 
CEM simulations/process 
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CEM vs Base  
Differences - Continued 

ÁNo Swept Sj 

VFixed 12.5 ps tone at 100 Mhz 

ÁNo Separate Stressed Eye and Stressed Voltage 

VWorst case height/width tested simultaneously. 

ÁEye Calibration with waveform post processing 

VSigtest required by PCI-SIG 

VCatches any test equipment problems with TX EQ 

VEnables simpler calibration process 

ïñCourseò initial DM/Rj calibration 

VComparison study vs simulation method (SeaSim) showed 
reasonable consistency 

VCTLE fixed to 6 dB base spec curve in reference equalizer 

ÁVswing fixed at 800 mV at input to test channel 

VOnly DM/Rj adjusted to hit target end of channel eye 
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Jitter Transfer Functions and 
Reference Clock 
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