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System-level Serial Link Analysis
using IBIS-AMI Models
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Agenda

o Serial Link Analysis

« |IBIS Algorithmic Modeling Interface (IBIS-AMI)
 Network Characterization

o Statistical Analysis

 Time-Domain Analysis

* |BIS-AMI Simulation Performance

e Correlation

e Summary
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SerDes Analysis Requirements

o User requirements
— Multi-million bit simulations

— Model specific SerDes IP
* Equalization
e Clock recovery
— Analyze channel & SerDes IP tradeoffs

— Support lab correlation (eye height/width, BER, etc.)

o SerDes vendor requirements
— Protect SerDes IP
— Single model supported in multiple EDA tools

» SiSoft
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Traditional SerDes Simulator Flow
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Traditional SerDes Challenges

e SerDes vendor tools don’t work together
— Simulating cross-vendor links is difficult or impossible

* Open-source tools lack IP vendor models

Observation

 Most SerDes tools take S-parameter or pulse
response data, then use signal-processing &
statistical technigques to predict behavior

o A standardized SerDes analysis flow and model
format would address both user & SerDes vendor
Issues

» SiSoft
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IBIS Algorithmic Modeling Interface
(IBIS-AMI)

o Part of the approved IBIS 5.0 specification

* Divides SerDes simulation into two parts
— Network characterization
» Determines impulse response for unequalized analog network
— Communications analysis

* Models TX/RX equalization and clock recovery behavior

» SerDes IP models are provided as executable code linked
into the simulator at run time

e Standard mechanism for declaring model-specific
parameters

» SiSoft
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IBIS-AMI Models

An IBIS-AMI model has two parts:

Analog Model Algorithmic Model

e Used to model behavior of e Used to perform end to end link
the unequalized analog analysis including equalization
network and clock recovery behavior
(Network Characterization) . Models supplied as loadable

e« TX: output impedance & object code
parasitics « Models can operate at two

e RX: receiver input different levels:
termination network & — INIT: impulse response
parasitics processing

— GETWAVE: time-domain
waveform processing

» SiSoft
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Model-Specific Parameters
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[Algorithmic HModel]
Executable Windows SiSoft AMI_Tx._dll Sample AMI Tx.a
Executable Solaris SiSoft AMIRTx.solaris.so  Sample AMI Tx.a
Executable Linux SiSoft_AMPTx.1linux.so Sample I_Tx.a
[End Algorithmic Hodel]

[Temperature_Range] 25 188

[Voltage Range] 1.8 8.9% 1

|

[Pulldown]

-3.17308E+88  -5.93367E
-2.754A6E+A8 -4 _87RBuLE
[—e=f22¥A

-5.93368E-01 -5,
—4_878A45E-81 —4 JL7845E-81

IBIS File
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{Model_Specific
(tap_filter (Description "Array of transmit de-emphasis tap
{-1 (Usage InOut){Range 8.8 -1.8 1.8)({Type Tap)({Default Sabalion Spacar
{Description "Pre-cursor tap weight"}) franster [ [ [ p— e
{8 (Usage InOut){Range 1.8 -1.8 1.8){Type Tap)({Default channi R pedking_fitir config | Integir ANl R )
(Description “Main tap weight™)) chaonet T peping Metose okng i T —
{1 (Usage InOut){(Range 8.8 -1.8 1.8){Type Tap)({Default I Dittap Tmarl Ia <
{Description "First post-cursor tap weight™))
{2 (Usage InOut)({Range 8.8 -1.8 1.8)(Type Tap)}(Default
{Description “Second post-cursor tap weight™))
} | End tap_filter
(tx swing {Usage In){Range 1.8 8.3 1.8){Type Float){Default
(Description "Peak differential output voltage')

3
B
g
3

nanes

AMI File
TH1 tap_filter-1 Tap Al Range |0
T tap_filter.0 Tap Ahl Ranoe (067G
TH1 tap_filter.1 Tap AMI Range |-.3
. . Ta1 tap_filter.2 Ta AMI Range |-.025
/\Ig(]rltr]n1lc (_dll) hﬂ()(iel !====EE================£==================ﬂ==
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6.25 Gbps Design Example

« Channel design questions
Backplane Z, = 90-110 ohms, )
maximum length = 18" — Which connectors?
— Effect of tolerances?

[
»

7' N

— Minimum link spacing?
— Back-drilling?
— Low-loss dielectric?

o SerDes IP questions

— Equalization needed?
e TX?
e RX?
— How many taps?
— RX DFE needed?
— Benefit of 8B10B encoding?

PCB Z,=90-110 ohms,
maximum length = 8”

Package Z, = 85-115 ohms

» SiSoft
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Channel Model & Design Decisions

Models

Tolerances

Design
Decisions

IBIS-AMI Models

S-Parameter Data

Lossy Transmission Lines

[ | 1l | | R

SerDes TX Packages PCB Traces SerDes RX
Process Process Impedance Process
Voltage Velocity Voltage
Temperature Temperature
SerDes TX Packages PCB Traces Connector SerDes RX
Tap settings Breakout pattern | | Cross section || Vendor selection | | Peaking filter mode
Voltage swing Dielectric Breakout pattern || DFE settings

Spacing CDR settings

Via design

System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008
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Network Characterization

] e  Analog circuit analysis
”””” Wy mﬁﬁ%@ﬁm\\ A/ e includes TX output
K (Lana VW AA impedance/parasitics & RX
”””” Input termination network
s st ————  Impulse response derived for

use with algorithmic models

» Other network parameters
may be extracted and
displayed

— S-parameters and transfer

functions are shown in this
example

Channel S-Parameters

i SiSofr

5 B B B B B B
Ltiadiideditidi oottt

LR R R LN LA R L LN L LA LRI R AR LARE AL RALENLAREN LRI ARl
o 10 20 3.0 40 50 B0 7.0 8.0 an

Hertz (GHz

Transfer Function over Process, Voltage, Temperature
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Statistical Analysis
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- /\ « Computes eye distributions /
e statistics directly
N2 3 4 LI o Extremely fast — over 1015
_CQEA% equivalent bits/second
 Models linear TX/RX

equalization

o Conceptually similar to many
proprietary tools, but with
vendor-specific SerDes IP
models

» SiSoft
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Optimizing Transmitter Tap Settings

Tap settings to be investigated

TH1 tap_fiter-1(Tap Al Range (0 -0.04

TH1 tap_fiter.0(Tap Al Range |1 4 A T
TH1 tap_fiter 1 (Tap Al Range (0 -0.1 -0.2 -0.3
TH1:tap_filter.2 [ Tap AMl Range |0 -0.04

T te_swing  |[Float Ahl Ranoge (1.0

i SiSof Statistical Eye Diagram
6.25 Ghps

1500

_1.4E-2

1.6E-3

Wolts {mY)

Frobability

2 7E-B

Symbol
Rate 1.4E-45
Ghps] Stat BER Tap filter..1  Tap filter.0 @ Tap filter.1 Tap filter.2
B25  119183F-38 005 07 03 -0.08
625 17423E28 0 0.7 03 -0.08 —
B.25  3.4016BE-20 -0.05 0.8 03 -0.08 —
B.25  6.15866E-15 005 0.7 03 0 Statistical Eye @ RX
B.25  3.49909E09 ] 0.8 03 -0.08
6.25  5G60932E06 0 0.7 03 0
B.25 1338305 -0.05 0.9 0.3 -0.08
B.25  0.000271654 -0.05 0.8 03 ]
6.25  0.000442511 005 0.7 0z -0.08
B.25 0.000837678 ] 0.9 03 -0.08
BER vs. TX tap settings
n SiSoft
System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008 © 2008, Sisoft ’ '
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Time-Domain Analysis

W SiSof Waveform @ RX Latch

* High-performance simulation
— ~1,000,000 bits/minute

Models non-linear effects

DDDDD

— Decision Feedback
Equalization (DFE)

* Models time-varying behavior

— Auto-adaptation

— Detailed clock recovery

* Models different encoding
schemes and impact of worst-
case pattern sequences

o SiSqff

System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008 © 2008, Sisoft
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Equalization Configurations

OO0 OO C
OO0 OO0 OO OO

(e Te ] e ]
)
oD 0 OOOoCO0o

o o

(o]

OO0

% SiSofi No Equalization % SiSofi TX EQ Only

BER=0.030 BER=10
4000 8.9E-3 2.8E-2
300.0 I
o 183 _BAE-3
o 1000 = =
£ 53 43
O 79E5 5 T5E4 5
< s s
= [ [
1000
5E-9 E7
-200.0
-3000
4E-8 1.96-9

-400.0

0.0 -80.0 -60.0 -400 -200 0.0 200 400 B0.0 20.0

No EQ: BER=0.030 Eye Margin = 0mV TX EQ only: BER=0 Eye Margin = 36.8mV

(o]}

(o]

i SiSof DFE Only i SiSoR TX & RXEQ

BER =1.2fie-018 BER=10

RX EQ only: BER=1.26e-018 Eye Margin = 26.4mV TX & RX EQ: BER=0 Eye Margin = 50.8mV

o Siquff

System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft
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Modeling Adaptive Optimization

W SiSofy DFE Tap Behavior, First 500K Bits
No TXEQ

« RX DFE model includes
adaptive equalization
behavior, allowing model to
optimize tap coefficients
based on input data stream

L U L L L L [ L A (U [ Fua] [
0 100 200 300 40.0 500 60.0 700 a0.0 90.0

RX DFE Taps Without TX EQ
e Model outputs internal state
e (tap settings) information as
TZ/N/ simulation progresses
33_\ « Tap behavior is saved in a
. e format that can be loaded
and displayed

U ) L ) L A UL ) L A L A A [ LA ) L] [
.0 10.0 00 30.0 40.0 500 60.0 700 20.0 90.0

RX DFE Taps With TX EQ

» SiSoft
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Simulation Performance

o Statistical Analysis
— Simulating 10*° equivalent bits takes under 2 seconds
— Hundreds of simulations can be run in a few minutes

e Time-Domain Analysis

— Typical performance: 250K — 1M bits/minute, depending on
model complexity

— 10 million bit simulations are practical, billion bit simulations
are possible

* IBIS-AMI models provide 500-10,000x the
performance of traditional SPICE-based simulation

* IBIS-AMI models provide equivalent simulation
performance to proprietary SerDes simulation tools

» SiSoft
System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008 © 2008, Sisoft h% ' 0 |.
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SPICE to IBIS-AMI Correlation

i SiSofr

PCI Express Genl, tx_wline_rx, Typical Corner
HSPICE - Green, SiSoft - Blue, Cadence - Red

Volts (my)

83.0 84.0 850 86.0 87.0 880 83.0 ar

Time (ns)

W SiSofi PCI Express Gen2 - tx_wline_tx, Tyical Corner
HSPICE - Green, S5iSoft- Blue, Cadence - Red
200,03
100.0—
- E
E E
& 00—
£ E
> -
] I
100,03 |
-200.0— J T
L B B B B L B L
0 42.0 430 440

Time (nsl

PCl Genl

il SiSofr

XAUI/OIF - tx_wline_rx, Typical Corner
HSFICE - Green, SiSoft - Blue, Cadence - Red

3n0.0—3

200.0—3

Volts (V)

L e
i0 67.0 GE.0 (=i 700 7.0

Time (ns)

XAUI

System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008

PCIl Gen 2

peie_tx

pcie_gen2core

pcie_genz_noeq_t... W2
peie_1000hm_diff

peie_rx-pcie_rx_...

peie_rx
pcie_gen2core
pcie_gen2_rx_p

Green = SPICE, Blue = IBIS-AMI
Where waveform is green, simulations match

IBIS-AMI and SPICE models provided by IBM

© 2008, Sisoft
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IBM HSSCDR to IBIS-AMI Correlation

Eackplane

i SiSofy

HSSCDR Ceorrelation
Green=HS5CDR, BElue=SiSoft

300.0—

200.0

100.0

Wolts imy)
o
o

-100.0

-200.0—

-300.0—]

166.0 168.0 170.0 172.0 174.0 176.0

Time (ns)

System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008

Green = HSSCDR results, Blue = EDA Tool results using IBIS-AMI models
Where waveform is green, results are identical

© 2008, Sisoft
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Summary

o Systems designers need high-performance,
Interoperable SerDes IP models

* |IBIS-AMI models are interoperable (mix different
vendor models) and transportable (models run in
different EDA tools)

* |IBIS-AMI models support statistical analysis and
time-domain simulation at ~1,000,000 bits/minute

* |IBIS-AMI models have been correlated against
multiple reference simulation environments

e |IBIS-AMI models are available now!

» SiSoft
System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008 © 2008, Sisoft h% ' 0 |.
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SPICE/EDA Tool Correlation Process

IBIS Analog, IBIS-AMI Models
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IBIS-AMI
Waveform

‘| IS ENENNHENEE |
+ |8

2 » EDA Tool
Test Pattern

o

> >

TX Model with Channel RX Model Reference
EQ =0ON Model Waveform
SPICE Analysis
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