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Disclaimer 

ÁThe material included in this presentation 
reflects current thinking of the presenter and 
should not be evaluated as direction from the 
PCI-SIG®. Information is from a draft 
specification and subject to change. 

ÁThe material also reflects proposed changes to 
the IBIS standard, and should not be evaluated 
as direction from the IBIS Open Forum working 
group, and is subject to change. 
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Outline 

ÁMotivation for IBIS 

ÁOverview of IBIS 

ÁIBIS for PCIe 

ÁSupporting the Link Equalization Procedure  
with IBIS 

ÁSimulation results for the Link Equalization 
Procedure with IBIS 
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Integrating PCIe 3.0 

ÁThe PCIe 3.0 requirement has closed the gap with 65 and 
45nm CMOS mixed signal performance 

ÁDevelopers require careful system design to obtain desired 
performance 

ÁUsing 90nm CMOS or 
smaller, PCIe 2.0 design 
was relatively 
manageable 

ÁCMOS gate length 
shrank for years with no 
new PCIe standards 
released, until 3.0 
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PCIe 3.0 Challenges 
ÁPCIe 3.0 standard specifies  
VMaximum calibration channel of 22dB loss at 4GHz  

(4.3.4.3.1 Calibration Channels) 

V -18dB return loss compliance channel 
(4.3.4.1.2 Calibration Channel Characteristics) 

V -3dB package loss  
(Table 4-19: 8.0 GT/s Specific Tx Voltage and Jitter Parameters) 

VBER=10-12 

ÁHowever: 
VSystem designers want lower BER 

VBoard designers want to use inexpensive PCB which violates PCIe 
standard for insertion and return loss 

VBoard and package designers crowd traces together, generating 
50mV peak crosstalk on top of the 50mV lone bit signal 

ÁCustomer doesn’t only want the standard met, they want to 
know what you can do 
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PCIe 3.0 Simulation 

ÁNeed for fast channel simulation, with high accuracy 

ÁWant to verify link margin in detail, and then determine how 
far the system can be pushed 

ÁAlso require a model of the electrical interface that may be 
used for PCB simulation and design 

ÁPCIe 3.0 Link Equalization Procedure, or “back-channel 
calibration”, is an important part of an optimized PCIe 3.0 
production system 

ÁDemand exists to include this in the link simulation 

ÁSimulation platform should be feature rich, and standardized 

VWant all of the details of Seasim in state of the art EDA tools 

V It is not practical to use a pure SPICE simulator, the number of bits 
per simulation ranges from 250,000 to over 10 million 
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IBIS 5.0 

ÁI/O Buffer Information Specification (IBIS) is a 
modeling format, and is commonly used to 
model the PCIe Physical Layer 

ÁThe latest version of the IBIS standard is  
version 5.0 

ÁIBIS 5.0 defines an Algorithmic Modeling 
Interface (AMI) 
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IBIS 5.0 

ÁThe AMI part of the IBIS 5.0 standard defines executable 
library files which  
VMay be used to model advanced PHY features 

VThe data is passed to the AMI model after passing through the 
electrical interface 

ÁAMI may be written in any language, C for example, 
providing almost limitless modeling capability 

ÁSeveral EDA (Electronic Design Automation) tool vendors 
support IBIS 5.0 simulation 
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Two Main Parts of an AMI 
Model 

ÁAMI_Init() is a modified impulse response, for LTI 
(Linear time invariant) systems 

ÁAMI_GetWave() is a discrete time simulation, and 
may be used to capture nonlinear behavior 

IBIS 5.0 Model of Physical Layer

IBIS Electrical 

Interface

AMI_GetWave()

AMI_Init()

AMI Executable



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

IBIS for PCIe: TX 

ÁThe executable files in the IBIS-AMI model may be 
used to capture PCIe equalization 

ÁThe AMI model may implement transmit  
pre-shoot and post-cursor FIR equalization 
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IBIS for PCIe: RX 

ÁOn the RX side, the AMI model may capture: 
VCTLE (Continuous-Time Linear Equalizer) 

VAutomatic receive calibration 

VDFE (Decision feedback equalizer) 

VCDR (Clock and data recovery) 

VIN

Data and Clock Out = ±1PCIe 3.0 RX 

IBIS Model
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Link Equalization Procedure 

ÁPCIe 3.0 defines Link Equalization Procedure for 8Gb/s 

ÁAllows upstream and downstream RX and TX in each lane 
to automatically equalize for improved signal quality 

V Is an iterative process 

Á IBIS-AMI presently does not support this back-channel  
calibration 

ÁThere are proposals in front of the IBIS working group to 
add this functionality 

ÁBack-channel  calibration would be supported by the 
AMI_GetWave() portion of the IBIS-AMI model 
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Link Equalization Procedure 

Tx Rx 

AMI_Init() 

AMI_GetWave() 

Rx AMI updates coefficients  

w/ tx eq adaptation commands 

Tx AMI updates coefficient  
w/ tx eq status 

Training complete, regular sim 

flow resumes 

ÁThe EDA tool coordinates 
the passing of training 
coefficients between the 
RX and TX models, and 
this is the simulation flow 

ÁEach step involves on the 
order of 250,000 bits 

AMI_GetWave() 

AMI_GetWave() 

AMI_Init() 

AMI_GetWave() 

AMI_GetWave() 

AMI_GetWave() 
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PCIe 3.0 Example – 
Characterized PCB backplane 

Á Backplane, with TX and RX package 

Á Total loss of 23.65dB at 4GHz 
V Compliant with 22dB maximum calibration channel plus allowed package loss  

Á Return loss is up to -8dB 
V Violates section 4.3.4.1.2 of the standard 
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Simulation Example:  
5-Tap DFE 

ÁDFE setup, similar to section 4.3.4.3.7 in the 
standard 

ÁFive taps used instead of one 
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PCIe 3.0 Example   
 Simulation Flow 

ÁReceive CTLE is calibrated and the optimal setting is found 

VThe CTLE setting was backed off from the optimal value, resulting 
in 3dB of under-equalization compared to the optimal setting 

VThis is done to leave some ISI for the back-channel calibration 

VRelying on TX instead of RX to equalize can reduce transmitted 
spectral content at low frequencies, reducing crosstalk 

ÁTX is initialized with 
preset 4,  
no equalization 

Optimal 

Setting 
3dB 
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PCIe 3.0 Simulation Example 

ÁElectrical interface modeled for the RX and TX 
IBIS model, based on a PCIe 3.0 PHY design 

Á0.1UI pp sinusoidal and 1ps RMS random jitter 
added by the EDA tool 
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Initial RX calibration 

Á Initial simulation result using 3 dB backed off CTLE 

Á 40mV eye height, and 0.31UI eye opening 

Á No DFE used for this step 

V In practice, the DFE may be adapted during each TX adaptation iteration 

V If the CTLE and DFE are good enough and allowed to adapt freely, the TX 

equalization will not be leveraged 
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Initial RX calibration 

ÁEye contour for initial simulation with backed off 
CTLE setting 

40mV 

0.31UI 

BER=10-12 

eye contour 
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After Convergence of  
Back-Channel TX Equalization 

ÁAfter convergence of TX equalization, 70mV eye 
height and 0.50UI eye opening 

ÁConverged value is 3.4dB of post cursor  
de-emphasis, and no pre-shoot emphasis 
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PCIe 3.0 Example –  
Tap Convergence 

Á Tap value convergence 

Á Each GetWave() call is approximately 11 bits, so convergence requires 
11 x 2000 = 22,000 bits in this example 
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After Convergence of  
Back-Channel TX Equalization 

Á After convergence of TX equalization 
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After Final DFE Optimization 

ÁThe five tap DFE is used to further equalize the 
remaining signal 
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PCIe 3.0 Example Results 

ÁSimulated eye diagram after final DFE optimization 
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Summary of Eye After  
each Calibration Step 

Step X Eye 
Opening (UI) 

Peak-Peak  
Eye Height (mV) 

After initial CTLE 
adjustment 

0.31 40 

After  
back-channel 
calibration 

0.50 70 

After  
final DFE optimization 

0.65 80 
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PCIe 3.0 Example Results 

ÁBathtub curve showing 
statistical improvement 

ÁStatistical information 
about the vertical eye 
opening 

After initial CTLE adjustment (Green) 

After back-channel calibration (Orange) 

After final DFE optimization (Blue) 
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PCIe 3.0 Example Results 

ÁRX waveforms for the three calibration points 

ÁSignal starts under-equalized, ISI is reduced 
through each calibration step 
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The TX and RX may 
Coordinate Tap 1 Duties 

Á In this example, the RX DFE tap 1 was not allowed to adapt 
until the TX de-emphasis tap 1 was finished adapting 

ÁAnother scheme is as follows: 
VAllow the RX DFE tap 1 to adapt 

V If DFE tap 1 is providing de-emphasis, and even if the received 
signal was perfectly equalized for tap 1 after the DFE: 

ïBefore providing feedback to the TX, DFE tap 1 de-emphasis is reduced 
in the receiver 

ïThe other end of the link is instructed to increase the de-emphasis 

ÁThe RX sets up the TX to provide some of the tap 1 de-
emphasis 

ÁReduces crosstalk by reducing the transmitted low 
frequency content 
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Other Enhancements:  
TX Tap Prediction 

ÁIt is possible to analyze the impulse response after 
the CTLE, and calculate the ideal TX tap values 

ÁThis may be added to the AMI model to confirm 
that the achieved TX tap values match the ideal 
values 

ÁUseful for confirming the performance of the 
equalization implementation 
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Summary  

ÁPCIe 3.0 is sufficiently complicated that a full 
channel simulation is required 

ÁA pure SPICE simulation won’t work, it’s too slow 
to be practical 

ÁIBIS-AMI provides almost limitless modeling 
capability of PCIe 3.0 PHYs, and may be 
simulated in state-of-the art EDA tools 

ÁIBIS-AMI 5.0 platforms may be modified to support 
full channel simulation of the PCIe Link 
Equalization procedure 
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 Thank you for attending the  
PCI-SIG Developers Conference 2011. 

 

 

 For more information please go to 
www.pcisig.com 


