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Disclaimer 

The information in this presentation refers 
to specifications still in the development 
process. This presentation reflects the 
current thinking of various PCI -SIG® 
workgroups, but all material is subject to 
change before the specifications are 
released.   
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Agenda 

ÁPCIe® 3.0 CEM Goals 

ÁPCIe 3.0 CEM Simulation Methodology 

ÁPCIe 3.0 Rev 1.0 Simulation Results 
VMotherboard (MB) and Add-in Card (AIC) TX spec limits 

ÁMB TX Preset Selection 

ÁDual Port MB TX Test Method 

ÁCEM RX Test Methodology 

ÁPower and Thermal Update 

ÁSummary and Conclusions 
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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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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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CEM Simulations  
- Worst Case Eye Height 

Á Worst case Add-in card (AIC) parameters for given MB 

Á Repeat simulation with different MBs and find worst case for each 

Á THE ONLY POINT OF INTEREST FOR EACH SET OF MB PARAMETERS 

IS THE WORST CASE ACROSS ADD-IN CARD SOLUTION SPACE 

E2E eye height of DOE 48 cases
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Source: Intel Corporation  
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PCIe 3.0 CEM Simulation Method 
Step 2: Test Fixture Simulations 

Á Choose a test fixture 

V2.0 CLB Test Fixture Used For Initial Investigation 

VCEM 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  

VDetermine an eye mask at compliance Test Point 

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

VUse 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 
Á 4ò test fixture 

ÁCEM spec pathfinding work showed better correlation with worst case 
E2E results with fixture with package model on test fixture 

ÁParameters shown for current CEM 3.0 CLB fixture proposal 

ÁS 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  

V42 mv. No False Passes 

V22 mv. No False Failures 

 

Source: Intel Corporation 
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.9 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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8.0 GT/s TX EQ Presets 
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Seasim Simulation Results ï 
Published Worst Case Server 
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Seasim Simulation Results   
3.0 CLB/CBB Compliance Channel 
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Seasim Simulation Results 
 2.0 CLB/CBB Compliance Channel 
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CEM TX Preset Selection 
ÁCEM Specification 

V MB shall pick preset from following set 

ïP1, P7, P8 

V MB shall use P7 or P8 if channel insertion loss is more than 12 dB at 4 Ghz 

ïMeasured through compliance pattern and CLB (64 ones and zeroes) 

ÁCEM Compliance 

Á MB TX 

V Measure channel loss with CLB and compliance patterns (64 ones/zeros) 

V If > 12 dB then preset must be P7 or P8 

V Else ï preset must be P1, P7, P8 

Á Add-in Card RX 

V Long channel (3.0 CLB/CBB) 

ïTest for E-4 BER with P7 and P8 

V Medium channel (2.0 CLB/CBB) 

ïTest for E-4 BER with P1, P7, P8 
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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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Proposed PCIe 3.0  
CBB Model 

Name Description Name Description 

cbb_conn1 Connector cbb_via Via 

cbb_rt5 4.0ò Riser cbb_rt7 10.0ò, Main routing 

cbb_conn2 Connector cbb_rt8 0.8ò, Package Breakout 

cbb_rt6 
0.2ò, 
Connector 
Breakout 

rx_spkg Package, 1.3ò 

cbb_via

cbb_rt6

cbb_rt7

rx_spkg

cbb_conn2

cbb_rt8

RX 
SMP

c
b

b
_

rt
5

c
b

b
_

rt
5

cbb_conn1TX 
SMPMain Board 

Riser Board 
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Proposed AIC RX Long  
Channel Test Calibration 

rx_spkg

cbb_conn2

RX 
SMP

cbb_conn1TX 
SMP

Test 

Equipment

CLB 3.0

Post Processing S/W

(Embed RX pkg + use 

behavioral EQ)

Signal 

Generator

Sj + Rj + 

Diff Noise

TXRX

ÁCalibration performed with 
optimal TX EQ for reference 
equalizer 

ÁCalibration performed to 
MB TX EQ limits 

VDifferential noise and Rj 
adjusted to match eye 

ÁNo AC common mode 

VCEM test simplification 

ÁSeparate short channel test 
with PCIe 2.0 CLB/CBB 
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Proposed AIC RX Long  
Channel Test 

rx_spkg

cbb_conn2

RX 
SMP

cbb_conn1TX 
SMP

Error 

Detector

AIC Under Test

Signal 

Generator

Sj + Rj + 

Diff Noise ÁAdd-in card can request 
alternate TX EQ setting 

VSignal generator switches 
without recalibration 

ÁIf test setup (single lane in 
loopback) does not produce 
worst case crosstalk ï must 
compensate 

ÁTest performed with direct 
path to loopback 
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Link Equalization Feedback 

ÁStandard RX test does not test the ability of the AIC 
to request TX EQ adjustments for the link partner if 
necessary for the receiver to achieve E-12 

 

ÁSeparate testing required to validate that receiver 
will work at E-12 if initial TX EQ choice is poor ï 
using requests for the link partner to change TX EQ 
settings if necessary 

 

ÁTest set-up and detailed methodology outside the 
scope of CEM specification 
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CEM 3.0 PCB Requirements 

ÁPCB impedance 70-100 ohms 

VTighter requirement likely for high loss (long channel) 
motherboards 

 

ÁLimited vias and discontinuities 

 

 

ÁPCB routing rotations to mitigate fibre weave impact 

VMay only be necessary for longer/lossier channels 
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Power and Thermal Update 

ÁPower Management can be a Challenge 

VSlot power limit messages not always used/followed 

VMore high power options for add-in cards (150W, 300W) 

Á75 Watt ECN 

VAllows all width add-in cards to consume up to 75 W if allowed by the 
slot power limit message 

ÁPower Budgeting Capability 

VWorkgroup currently reviewing proposal to make capability required 
for any add-in card capable of consuming more power than default 
slot power maximum 

ÁThermal Guidelines 

VWorkgroup discussing publishing additional thermal guidelines for 
systems and add-in cards 
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Mechanical Updates 

ÁA variety of mechanical ECNs are released and included in 
final 1.0 specification 

ÁECNs are updates clarifications to general mechanical 
specifications and not specific to 8 GT/s 

VReduce size of secondary side north edge trace free area 

VClarify area north of edge finger as restricted height 

VDecouple card power class and slot width and lane width 

VStandardize 225/300 W north edge keepout for all cards 

VFormalize 1.5 kg mass limit for all cards 

VMore . . . Review ECNs and final 3.0 specification 
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Secondary Side Bracket  
End Keepout 
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Make Secondary Side Keepout Consistent Between Different Height Cards 
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North of Edge Finger Area 
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2.03 mm 
Restricted 

Component 
Height 
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Connector Opening Clarification 
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Minimum 4.0 Target  
Connector Performance 
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High Degree of Confidence That Backwards Compatible Solutions Possible 


