Asian IBIS Summit 2005, Shenzhen China

WELCOME FROM MICHAEL MIRMAK, INTEL CORPORATION

On behalf of the I/O Buffer Information Specification (IBIS) Committee, I would like to
welcome you, our presenters and guests, to this first open IBIS Summit in Asia.

As you will see from the Summit discussions, behavioral modeling in general and IBIS in
particular are needed more than ever in the electronics industry. Greater design
complexity and demand for higher operating speeds have always presented challenges to
our industries. These challenges are growing as our markets and the business and
engineering resources that serve them expand to cover the entire globe. Our industries
have an ever-present need for signal integrity data exchange methods that can support
users with radically different design targets, procedures and tools with predictable
performance. Yet, for optimum business efficiency and growth, those same methods
must enable fast signal integrity analysis while maintaining information security.
Fortunately, IBIS satisfies all these requirements, demonstrating throughout its 12-year
history an increasing ability to support new technologies and industry needs. Through
this Summit and future Summits, we hope to make the value of IBIS readily apparent.

We are very pleased that IBIS has been so enthusiastically received across Asia and are
confident that IBIS Summits such as this one will continue in the years to come. We are
especially grateful to our sponsors Huawei Technologies, Cadence Design Systems,
Mentor Graphics Corporation, Signal Integrity Software and Sigrity, plus IBIS-
supporting industry organizations such as the Japan Electronics and IT Industries
Association (JEITA). Without them, this event would not have been possible.

We hope that you will find the presentations and discussions beneficial and enjoyable.

Sincerely,
Michael Mirmak
Chair, IBIS Committee
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WELCOME FROM JIANG, XIANGZHONG, HUAWEI TECHNOLOGIES
Dear All,

I was very excited when Mr. Bob Ross proposed that IBIS hold an IBIS meeting in
China. Huawei has been designing and developing high-speed circuits for more than 8
years. This field is attracting more attention and focus in China with many talented
people. Up to now, no purely neutral, technical public meeting has existed. We are now
initiating the Asian IBIS Summit.

Huawei agreed to be a primary sponsor for this event in April, 2005. We also received a
lot of logistical and financial support from our friends, Cadence Design Systems, Mentor
Graphics, Signal Integrity Software, and Sigrity. After IBIS sent the first invitation in
August, we received many registrations and paper submissions from major Chinese
industries involved in high-speed design.

Here, I truly hope this IBIS Asian Summit will be successful. Welcome everyone.

Best regards,
Jiang, XiangZhong
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Asian IBIS Summit 2005, Shenzhen China

AGENDA AND ORDER OF THE PRESENTATIONS

(The actual agenda might be modified)

IBIs sSsUMMIT MEETING AGENDA

REFRESHMENTS & SIGN IN
- Vendor Tables Open

Introductions and Program Overview

- Welcome, Jiang, XiangZhong, (Huawei Technologies, China)

- Welcome to Summit, Mirmak, Michael (Intel Corporation, USA)
- Welcoming Comments, Invited Chinese Leader (China)

IBIS and Behavioral Modeling e e
Mirmak, Michael (Intel Corporation, USA)

Fiberhome Telecommunications Technology Experiences
with IBIS Models
Zheng, Qi (Fiberhome Telecommunications Technology, China)

BREAK (Refreshments)

Three Facets of IBIS: Interface, Behavior and
Measurement

Dodd, Ian* and Li, Henry** (Mentor Graphics Corporation,

*USA and **China)

Simulation with IBIS in Tight Timing Budget Systems
Sui, ShiJu, (ZTE Corporation, China)

JEITA EDA - WG Activity and Study of Interconnect Model
Watanabe, Takeshi (NEC Electronics Corporation, Japan)

FREE BUFFET LUNCH (Hosted by Sponsors)
- Vendor Tables

12:00 - 12:45 Press Conference for IBIS Officers and Sponsors
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Asian IBIS Summit 2005, Shenzhen China

AGENDA AND ORDER OF THE PRESENTATIONS (Continued)

13:30 IBIS and Power Delivery Systems . . . . . . . . . . . . . . b4
Jiang, XiangZhong, Li, JinJun, and Zhang, ShengLi (Huawei
Technologies, China)

14:00 Power Delivery System, Signal Return Path and SSO . . . . . 63
Analysis Guidelines
Chen, Raymond Y. and Chitwood, Sam (Sigrity, USA)

14:30 Splitting the C_comp for Power Integrity Simulations . . . 74
Yang, Zhiping (Apple Computer, USA)

15:00 Using IBIS for SI Analysis . . . . . . . 84

Wang, Lance* and Zhong, ZhangMin** (Cadence Design Systems,
*USA and **China)

15:30 BREAK (Refreshments)

15:45 Macro Model and Multi-GHz System Simulation . . . . . . . . 97
Zhu, ShunlLin (ZTE Corporation, China)

16:15 IBIS Models for DDR2 Analysis . . . . . . . . . . . . . . . 109
Katz, Barry (Signal Integrity Softwar (SisSoft), USA)

16:40 Practical Measurement vs. Simulation Correlation with . . . 117
DDR2 667 Interface
Shoji, Kazuyoshi (Hitachi ULSI Systems Co., Japan)

17:05 Improving IBIS ECL Algorithms . . . . . . . . . . . . . . . 124
Ross, Bob (Teraspeed Consulting Group, USA)

17:20 Concluding Items

17:30 END OF IBIS SUMMIT MEETING
- Final Vendor Tables and Teardown
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IBIS and Behavioral Modeling

Michael Mirmak BrEREDLRE
Intel Corporation YRR AHE]
Chair, EIA IBIS Open Forum IBIS ZR&FEH
IBIS Summit T 1BIS FAFHTES
Shenzhen, China T EEYI
December 6, 2005 2005 4 12 A 6 H

Legal Disclaimers

THIS DOCUMENT AND RELATED MATERIALS AND INFORMATION ARE
PROVIDED "AS IS" WITH NO WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, NON-
INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS, OR ANY
WARRANTY OTHERWISE ARISING OUT OF ANY PROPOSAL,
SPECIFICATION, OR SAMPLE. INTEL ASSUMES NO RESPONSIBILITY FOR
ANY ERRORS CONTAINED IN THIS DOCUMENT AND HAS NO LIABILITIES
OR OBLIGATIONS FOR ANY DAMAGES ARISING FROM OR IN
CONNECTION WITH THE USE OF THIS DOCUMENT.

Performance tests and ratings are measured using specific computer
systems and/or components and reflect the approximate performance as
measured by those tests. Any difference in system hardware or software
design or configuration may affect actual performance.

Intel may make changes to specifications, product descriptions, dates and
plans at any time, without notice.

Copyright © 2005, Intel Corporation. All rights reserved.

12/06/05
*Other brands and names are the property of their respective owners Page 2 CHIFSET CROUP
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What is IBIS?

IBIS* (I/0 Buffer Information Specification)

A standard format for expressing 1/O buffer electrical
behavior plus component pin and package information

ANSI/EIA* 656-A, IEC* 62014
Most buffers expressed through
L — Current vs. Voltage (I-V tables)
Voltage vs. Time (V-T tables)

Buffer capacitance (C_comp)

IBIS
o

Components include
Pin assignments and names
Package information

packager

Ramp pull- POWER
up up clamp
{or -t} -V -V
Ramp pull- GND E_.
d =

input [— mrezho\d

3-state
enable [ control

down
{or V1) 1V

12/06/05
*Other brands and names are the property of their respective owners Page 3 CHIFSET G

Behavioral Modeling

IBIS is only one type of behavioral model
Others include:
* (IBIS Interconnect Modeling Specification)
* (/O Model for Integrated Circuits, JEITA* ED-5302)
* (Integrated Circuit Electrical Model, IEC 62014-3)
* (IEEE* 1076.1)
* (Accelera*)

Behavioral models replace internal design information
with

12/06/05
*Other brands and names are the property of their respective owners Page 4
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An Example

IBIS, as a behavioral modeling standard, offers
Protection of internal design information
Availability under multiple software tools
Increases in simulation speed over transistor-based models
IBIS behavioral vs. transistor-based models
For a serial-differential design, IBIS can be 100 times faster!
Careful model creation preserves accuracy

ranstor net flow_control , driver source_h

. IBIS vs. SPICE*
4 (time-shifted to
4 show correlation)

Image from SiSoft*:

used with permission

7

Mot ) Speed quotation from

by q dd; used with permi

12/06/05
*Other brands and names are the property of their respective owners Page 5 CHIFSET GROUP

The Future of Modeling

Why behavioral instead of transistor-based models?

Processor MIPS per Year: 1982-2004
(smoothed plot; source: Intel Corp.)
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The Future of Modeling

Buffer complexity is keeping pace with processor power!

1/0 Buffer Size and Processor MIPS per Year: 1995-2004
(source: Intel Corp.)
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12/06/05
*Other brands and names are the property of their respective owners Page 7 CHIFSET GROUP

Supporting Future Designs

Buffers becoming more complex
VHDL-AMS V:M sg' Size is tracking processing power
New designs need more analysis

Power delivery and switching noise
Pre-emphasis, active feedback and
compensation

IBIS expanding to address needs

New links to VHDL-AMS, Verilog-
AMS, Berkeley SPICE*

Enable equations within IBIS
Links to ICM are in development

12/06/05
*Other brands and names are the property of their respective owners Page 8 CHIFSET

Page 8 of 128




You Are Invited!

IBIS Welcomes Worldwide Participation!

IBIS: i
ICM:

Training .
Including IBIS history and tutorials "

IBIS Cookbook
Features explained plainly

Task Groups
Futures, Macromodel Library, Quality

Free Model Review service!

IBIS appreciates your input and support!
o 12/06/05 )
*Other brands and names are the property of their respective owners Page 9 CHIFSET GROUP,

BACKUP

Y 12/06/05
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A Related Specification: ICM
ICM = IBIS Interconnect Modeling Specification

Standard text format for interconnect modeling data
“Interconnect” can be connector, cable, PCB traces or
even an IC package

Defines structure as path between “sections”

Defines the electrical data for each section

Described by
[Begin ICM Model]

i;ath description) Connector -| T-line || Connector
i:End ICM Model]

Described by | T-line |
[Begin ICM Section]

i.l.!LGc or S-params) | Connector |

[End 1CM Section] [ stub ]
12/06/05
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Fiberhome Telecommunications

Technology Experiences with
IBIS Models

Zheng Qi

Qzheng@fiberhome.com.cn

(-2}
R ———
weRi

Overview

IBIS Models have played an important role
in signal integrity analysis

» Access Buffer Characteristics
» Waveform Quality Check
» Timing Analysis

G

weri

Page 11 of 128




Buffer Characteristics

What Information can we get ?

» Use V-I Curves to calculate the driver output
impedance
» V-t Curve provides the Buffer’s transition time

» C_comp provides intuitional info of the load

Waveform Quality Check )

Wwri

Critical Net check
» Edge Trigged Signals
> Clocks

Check Contents

» Incident Voltage

» Edge Monotonic

» High /Low noise margin
» Source/sink currents

Page 12 of 128




Timing Analysis

Flight Time Calculating

» Flight Time provides more reasonable descriptions
than T.L Propagation Delay in Timing Budgets
calculation

» T.L Delay ,loads and topology effects are taken into
consideration

Mostly used model parameters

Wwri

IBIS 1.0 V-I Curves

IBIS 1.0 C_comp

IBIS 2.1 rise/fall waveforms
IBIS 2.1 Pin mapping

YV VYV V

A\

IBIS 3.2 seldom
> IBIS 4.0 seldom
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Model check )

WwrRi

Typical Problems

» Non-monotonic data in PU/PD table
» DC point does not match I-V load line
» V-t tables End slope not flat

> ..

Always tools will filter these points,but good
Understanding of these warning is necessary

Successful stories )

weri

» Multi-Drop bus Analysis

When debugging we found data was improperly strobed
.Post analysis shows there is non-Monotonic Clock Edge.
Using high bandwidth probe check again and got it

» Timing Analysis
Strong Driver results in Hold time conflict

Occurs at “Low Speed” situation

Page 14 of 128




Behind these stories )

WwrRi

IBIS models provides some clues in Waveform
Quality check. But

» How Simulator processes the model is a black box
» Simulated result sometimes are tools relevant

Behind these stories )

weri

Timing Analysis
» Different Driver strength results in great different
Delay

» Under low speed situation Timing analysis was
proven and the IBIS model works well

> IBIS model can’t describe the internal delay of the
buffer . when doing timing analysis we always
puzzle about the “Zero” reference point . especially
when timing budgets is tight

» Closing the Timing loop requires Core-to-core timing

Page 15 of 128




Problems

» High Speed Serial Interconnect have widely used . But

effective analysis was lagged
» Find Bugs of Serial Interconnect is more difficult than
old designs . Maybe it is an impossible task

We are expecting

Wwri

Tools Vendor

Model Maker
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Three Facets of IBIS: Interface,
Behavior and Measurement

December 2005

lan C Dodd
Architect, High Speed Tools
SDD Division

Henry Li
Technical Marketing Engineer
Mentor Graphics (Shanghai)

What are the Objectives of the Sl Engineer?

= Maximize performance
— Highest possible clock speed
s Ensurereliable operation
— Meet timing constraints
— Keep overshoot below levelsthat will cause device malfunction
or destruction.
— Maintain adequate switching margins
= Minimize per unit costs

— Minimize the number of components
(including terminators)

— Uselowest cost PCB materials

AGNBARE e e -
Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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How can these objectives be met?

m By investingin accuratetiming and Sl analysis so that safety
mar gins can be controlled

— Accurate static or dynamic timing modelsfor theinternal
paths of active devices

— Accurate SI modelsfor drivers, loadsand passive devices

— Accurate modelsfor the interconnect including the associated
dielectrics

— Using fully automated analysistools so all vulnerable nets can
be analyzed

- e—

Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |

Basic timing analysis

Sl analysis:
Static timing Driver, receiver,
anaysis: package, trace Static timing
Clock edgeto delays andlysis
data out delay Input setup and
hold time

=
a - =
Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Part One:
Summary of IBIS to version 3.2

GBI s e e -
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

Highlights of IBIS 3.2 Behavior

IBIS 3.2 assumes fixed topologiesfor drivers, inputsand
terminators

Support processrange: Typ, Min & Max

Driversand Inputs

— Two steady state Current versus Voltage (1V) tables
representing power and/or ground clamps.

— Capacitance
Drivers
— Nominal edgerates

— Two additional steady state Current versusVoltage (1V) tables
representing pull-up and pull-down transistors.

— Optional Dynamic Voltage versus Time (VT) tables
= L oad conditions must be specified for each table

. = T —_

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Highlights of IBIS 3.2 Behavior (continued)

m Seriesand Parallel Terminators
— Resistance, Capacitance and I nductance

s Package Description
— Assumes each external pin connectsto oneinternal (die) pin
— Default Package

= Assumes no coupling: simpleresistance, capacitance and
inductance

— Package Model
= Allows multiple sections, each with coupled or uncoupled:
resistance, capacitance and inductance

HGNMBRIR et —
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

IBIS 3.2 Interconnect

Provides mapping of the pinson a physical part tothe
models providing electrical behavior.
Allows EDA toolsto automatically build complete
simulation modelsfor netson your PCB
— Lesserror pronethan creating simulation netlists manually
— Allowsfor simulation cover age of the majority of nets on your
PCB.

- = N -_—

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Highlights of IBIS 3.2 Interconnect

IBISPin Section
— Assignsdriver, load and parallel terminator modelsto pins
Series Pin Mapping Section
— Assigns seriesterminator s (and switches) to pins
Diff Pin Section
— ldentifies differential pin pairs & addsdifferential delay info
Electrical Board Description (EBD)
— Limited description of a PCB containing | BI' S components
— Doesnat support modeling of traceto trace coupling.

AENMERR et —
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

Highlights of IBIS 3.2 Measurement

s Overshoot limits
— If exceeded device may malfunction or be destroyed
— Static and dynamic
= Input switching thresholds
— Logiclow
m Vinl (or with hysteresis Vinl+ and Vinl-)
— Logic high
= Vinh (or with hysteresis Vinl+ and Vinl-)
m Timing Reference Voltage (Vmeas)
— Transition voltage on driver pin used when measuring static
timing delays e.g. “ clock edge to data out”
— Associated with areferenceload
m Vref, Rref and Cref

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Basic timing analysis

Sl analysis:
Static timing Driver, receiver,
analysis: package, trace Static timing
Clock edge to delays s
EetoloHon o) Input setup and
hold time

Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

Putting it all together with IBIS 3.2

Simple synchronous example
— First consider the data path
Simulate the data path for therising and the falling edges

— Find the time at which the input pin on U2 leavestheinitial
logic state (raw minimum delay)

— Find the time at which the input pin on U2 becomes stable at
thefinal logic state (raw maximum delay)
Simulate thedriver connected to the timing reference load
— Find thetimeto Vmeas
Normalize the raw delays by subtracting thetime to Vmeas

— Removesany initial delay in VT table and partial edgetime
already included in the “ clock edgeto data out” delay.

—

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Including Clock Skew

Determine Clock Period
m Tclock
Simulate Data Path
— Find Normalized Data Path Delays
m TDdata min, TDdata_max for rising and falling edges
Simulate Clock Paths
— Clock Driver to Clock Input on I1C1
m TDclock1_min, TDclock1_max for active edge
— Clock Driver to Clock Input on 1C2
m TDclock2_min, TDclock2_max for active edge
Get Internal Path Delay and Minimum Setup and Hold
constraints from Databook
m TDpath, Tsetup_min, Thold_min

AR s —
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

Including Clock Skew (continued)

Worst Case Analysis
Calculate the actual setup and hold timesfor therising edge
Compare theresultsto thetiming constraints from the databook
Repeat for thefalling edge

Tsetup = Tclock - TDdata_max + T Dclock2_min - T Dclock2_max
Thold = Tclock - TDdata_min + T Dclock2_max - T Dclock2_min
EDA toolsthat have integration between timing and Sl analysis

commonly have spreadsheets that automate these
calculations and highlight timing violations

- = N -_—

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Part Two:
Beyond IBIS Version 3.2

HENMERR e —
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

Technology Changes

Datarateson PCB have dramatically increased.
PCB trace lengths have not shrunk in proportion
— clock periods are often shorter than the interconnect delay

— Sour ce synchronous design must be used either with a separate
clock signal or with an embedded clock

Power budgets have decreased

— Signaling voltages have been accordingly decr eased

PCB materials have not dramatically improved

— Dielectric losses become the predominant cir cuit effect

— Differential signaling isrequired to overcome attenuation

— Pre-compensation or equalization is becoming common to
compensate for wavefront distortion

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Highlights of Post IBIS 3.2 Behavior

ICM provides multi-stage coupled lossy transmission line or
S-parameter modeling for connectors
— Presently considering allowing ICM package descriptions so
we can have consistent S-parameter support
Multi-lingual extensions support behavior modeled in
SPICE, VHDL-AMSand Verilog-AMS.
— Almost no limit to the complexity of behavior that can be
modeled
— Depending on the simulator, model types can be mixed acr oss
the PCB and even on individual nets

Power Integrity extensions

AGENBRIR s —
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics -

Highlights of Post IBIS 3.2 Interconnect

= Multi-lingual extensions provide flexible connectivity
between SPICE, VHDL-AMSor Verilog-AM S models and
the external component pins

— Allows EDA toolsto automatically build complete simulation
modelsfor netson your PCB including the multi-lingual
models

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Existing Post IBIS 3.2 Measurement

= No enhancementsto | BI S built in measurements since
version 3.2

= Multi-lingual input models can deter mine when a transition
has occurred

— External models and cir cuitsfor inputs have a standard
terminal which can be monitored by EDA tools

= Multi-lingual models can do extensive analysisand use
(external circuit) terminalsto present the results of analysis

— No conventions asto how an EDA tool should interpret signals
on theseterminals

— Cannot presently be used for automated analysisor to
populate constraint spreadsheets

NSRS e —

Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |

Recommendation for New IBIS Measurements

= Wewant to validate a high percentage of nets on PCBs
— Requiresautomated measurement and constraint validation

— IBISisneeded to provide theinterface and measurement
functions even when SPICE or AM S descriptionsare used for
behavior

= Measurement enhancements

— Support measurements specified for any IBI S external pin or
internal terminal

— Providevoltage or current thresholds

— Providelogic and equationsthat the EDA tool should useto
determine valuesto bereported

— Providelimitsfor reported values

MBS e —

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Part Three:
IBIS 4.1 Multilingual Example

Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005

Typical IBIS 4.1Model
eIBIS 4.1 adds four new keywords
e[External Model] (new part of [Model])
e[External Circuit]
o[Circuit Call], [Node Declarations]

eSpice/Behavioral model isin external file

[Model] ExBufferVHDL
Output_diff
Hon-Inverting

|
[Voltage Range]

[External Model]

Language VHDL-AMS

|

| Corner corner_name file name circuit_name entity{architecture)
Typ buffer typ.vhd buffer(buffer ioc_typ)

buffer min.vhd buffer(buffer ioc_min)
Hax buffer maz.vhd buffer(buffer ioc_max)

| Parameters List of paraneters

Faramneters delay rate

Farameters preemphasis

| Ports List of port names (in sane order as in VHDL-AHS)
FPorts D _control A _signal_neg A signal_pos

[End External Hodel]

-

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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[Pin]

1 dep CIRCUITCALL *

2 dem CIRCUITCALL A2
3 bpn CIRCUITCALL .subckt comp Trad|t|0na|

4 bpp CIRCUITCALL

hokkkkkkkkkkkkokkkkhkkkk

|

[Diff Pin]
i 2
4 3

Series Pin Mapping]
3R_1G_ohm

IBIS 4.1 Traditional and Multi-Lingual
comp.sp

+ inp inm outp outm | Bl S
*S-parameter model M Odel
*RLC SPICE model,

*Transistor model,

*VHDL-AMS Model

Jorenwis

.ends

[Circuit Call] component | Bl S 41

Port_mapinp 1
Port_map inm 2
Port_map outp 3
Port_map outm 4
[end circuit call]

[External Circuit] component

M odel
Corner typ comp.sp comp \
Ports inp inm outp outm

Language Spice

SPICE or
Behavioral % 1

Jore|nwiS

[End External Circuit]

R W

Ecit  Floamplke
x o

i ES Modal

I::"‘:

H

[eTE SRR

Three Facets of 1BIS: Interface, Behavior and Measurement, 1B1S Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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Screenshot from ICX 3.4

P e

Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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And PROBE, just like any IBIS model

E:-"Dﬂl-‘fghl'if.h-"hl-:‘-1_dk_\-l 1_3hesi_ gl w1 3/Mex_stgx_ Kit/myDesigniallera o

tis Edt Fnopmm Sothess Yt il e
o oy &
Check Selected
Check all
Modeling Data
Update Timing Incrermentally ¥

Probe Met

User is completely
insulated from SPICE
complexity

Screenshot from ICX 3.4

i Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |

IBIS 4.1 Supports BOTH Transistor-level
and AMS Models

C:.ﬂ}eignlti'ls.'mt_i.ﬂ_v'l_Il'h:u_slgx_ldt."exmp!ekxlmple.irx
Finoiglan - Spibhecis wWarfy Booort e Took  Cytorw  Blecirial

[ (] Config HSSL... T EaaiT

Pulse Train Generator...

Setup

. Eldo SPICE Models
=WHDOL-AMS Models

Allows easy switch
between transistor-level
and AMS models

Screenshot from ICX 3.4

eMeRrs o —
Three Facets of I1BIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005 |
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IBIS 4.1 “Parameters” Provide for Automation

CoMesignkits/bssi_dk_wi_3ficx_stex_kitfexamplefexample.icx

lemmatdine [T -
e i 100
i il L 1 v
Dl T s | B =)

e =
L T N
Mrishan Teiwpesdany 0 ® Clam

| H Dl e
1R T4 s Eotings

Screenshot from ICX 3.4

"GMEME.H S . =
1 - r - .
Three Facets of IBIS: Interface, Behavior and Measurement, 1BIS Open Forum, December 2005. Copyright © Mentor Graphics 2005

www.mentor.com
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Asian IBIS Summit 2005

Simulation with IBIS
In Tight Timing Budget Systems

m#d
SUI,SHIJU
sui.shiju@zte.com.cn

¢ iEil

ZTE CORFORATION

Agenda

= Basis of system timing analysis

= Simulation with IBIS in tight timing budget
systems

= Analysis methods

Asian IBIS Summit 2005 HE**
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Timing Analysis Basis

= Systematic timing analysis identifies
* Timing topology
* Setup and hold time margins
* The risk of timing violations

Asian IBIS Summit 2005 z‘E*%

Common-Clock Synchronous System

= Timing topology

Clock
Driver
‘ Flight Time
—_—

DO DO

D1 D1

D2 D2

Driving Receiving
Asian IBIS Summit 2005 z‘E*ﬂ

Page 32 of 128




Timing Margins of CCS System

Clock Period

D!'i'.IE!rl,r'lu-mn]- (-Shew Bffaead Touard GlEasmaee Sak
Setup_margin=Clock Period-Driver Teomax)-Thlightmax-Skew-Jitter-Tguard-Receiver{sstup)

Driver{Tcomin) + THlightmin

Recaiveribeid) Tguard |H

Hold_margin=Driver|Teomin)+ THightmir-Skew-Tguard-Receiverhold)

Asian IBIS Summit 2005 HE*%

Loose Timing Budget System Analysis

= Definition

= Required inputs
* Timing topology
+ Component-level timing data
* Operating clock frequency

= Approximated flight time and guard band

Asian IBIS Summit 2005 HE**
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Tight Timing Budget System Analysis

= Definition
= Required inputs

* Timing topology

*« Component-level timing data

* Operating clock frequency

* Simulation with component models is mandatory

* More sophisticated numerical processing needed

Asian IBIS Summit 2005 HE*#

IBIS Models Do Good Job in Simulation

WL

. k_Fkg L_Fkg Fowenr_Clamp
D'“,,"n—l—’,.ﬁ;m.
" Available IC_“; Ground_Clamp IC_tump
1 IBIS Input Structure
= Effective o
|
- Powe_Clomp R LM e
4% Goowndd Clarmp Ic:‘;ﬂ'\-’-ﬂ_ II €_Feg
Forlima) lirrbinm
Puldnn N et St
Asian IBIS Summit 2005 nE*ﬂ
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Flight Time

= Flight time vs. propagation delay

= Propagation delay
» The sum of T-line delays in the path
= Flight time

= The time it takes the data out from the driver to settle at the
receiver’s input

* For tight budget designs the flight time should be
simulated with cautions

Asian IBIS Summit 2005 ZTE¢§¥

Flight Time Simulation

. . 1
QueStlonS [T - Sig Xplorer]
= |s delayl flight time?
= What are delay2 and delay3 ?
Asian IBIS Summit 2005 ZTE¢* 10
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Flight Time Simulation with IBIS

= Cautions

* Check component datasheet and IBIS model
= Avoid double counting C_comp and load

e Receiver thresholds

Asian IBIS Summit 2005 HE*%

11

IBIS vs. Datasheet Consistency

= Test loads should match

[Model] output
Model_type  3-state 8V

; . From Output 500 £1 51 Cpen
Polarity Inverting Under Test PRy iy i

Enable Active-Low CL=s0pF

ﬂ 500 1)
Vmeas =1.5v :
Cref =50pf
Rref = 500

Vref = 0.000

Asian IBIS Summit 2005 HE*%

Leap cirewit N datasheet

12
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Tco Measurement

Clock
triggers
att=0

Clock

Internal

Logic Output
| | Buffer

\Y

Din

/ meas
|

Asian IBIS Summit 2005

Test
Load 0

13

Avoid Double Counting

Avoid double counting output C_comp
Avoid counting both test load and load
Method 1

= Compensate from simulated flight time

Method 2

* Subtract their effect from Tco

Asian IBIS Summit 2005

LTEd

14
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Negative Flight Time

= Negative flight time happens when

e Test load for Tco measurement is heavier
than actual load

e The interconnect is short

Asian IBIS Summit 2005 z‘E*ﬂ

15

Include Corners in Simulation

= Parts behave diversely

= Simulate including strong and weak
buffers

Asian IBIS Summit 2005 z‘E*ﬂ

16
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Receiver Thresholds

= Test example

il

Vih

——————

YL '-";-'_"'I
_ —o—
——

llvn;n\-d J - HFW’TE

output (Tpd subtracted) =

Asian IBIS Summit 2005 m*#

17

Receiver Thresholds

= Use Vih and Vil as initial choice
= Use Vth when available

= |BIS Ver 4.0

* [Receiver Thresholds] sub-parameters
= Vth,Vth_min,Vth_max
= Vinh_ac,Vinl_ac, Vinh_dc,Vinl_dc
= Tslew _ac

Asian IBIS Summit 2005 m*%

18
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Guard Band Time

= Effects likely not included in your simulation

= Simultaneous switching output

= Ver4.0 and earlier models do not include SSO in data
tables

= Crosstalk
* Inter-symbol interference
* Power supply noise
= Guard band time ensures margins existence

= Obtained from simulation or measurements

Asian IBIS Summit 2005 z‘E*ﬂ

19

Deal with Complex Topology

= Example
Driverl Driver2
o Clock
Devicel Device4
Data Device2 Device3
Dout Din
Asian IBIS Summit 2005 ZTEIF'*

20
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Deal with Complex Topology

= Adding components in path
* Path delay deviations increase
* Timing margins decrease

+ Alternative analysis methods are needed to

put the simulated interconnection delays
together

ZTED3

Asian IBIS Summit 2005

21

Timing Analysis Methods

= \Worst case timing analysis

= Statistical timing analysis
* Root Sum Square timing analysis
* Monte Carlo timing analysis

LTEd

Asian IBIS Summit 2005

22
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Worst Case Timing

= Path delay

= Maximum worst-case path delay

§ 00 Worst - e delmy = ¢ ma{device 1)+ 7 max(device 2) + £ man{device 3}« - +f mao{device M) «

1 mas{mterconnect1) + rl_l.lm'\v:illlu conmnect ) "']'rllm'\ﬂ:ill'lﬂ connectd) +... 4 FJII.IH.'A.IiIIJI:II.‘L‘HlII.‘L‘[:\:]

= Minimum worst-case path delay

faminworst -case delay =1 nan{device 1)+ ¢ madevice 2) + ¢ muin{device 3) <= 1 nandevice N) +
I, mimiEtercommect 1) + ¢ minintercomnectZ) + 1 mindigerconmectd) 4 - + £ mindinterconmneN)

Asian IBIS Summit 2005 HE*%

Statistical Timing Analysis(1)
= Root sum square timing analysis
= Maximum RSS path delay
t,nMax RSSdeIayztpmhtprr\/(tpmaxl—tptypl)z +ee (t,maxN —t, typN)?
= Minimum RSS path delay
t,nMin RSS delay:tpmhtyp—\/(tptypl—tpminl)2 +-o-+ (t,typN —t,minN)?
Asian IBIS Summit 2005 HE** 24
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Statistical Timing Analysis(2)

= Monte Carlo timing analysis

* By random sampling delay values
determines the timing attribute probability
distribution

Asian IBIS Summit 2005 25

Conclusion

= Cautions with simulation in tight
timing budget system

* Check component test load
= Avoid double counting

® Receiver thresholds

= Simulated results analysis methods
* Worst case
* RSS
* Monte Carlo

Asian IBIS Summit 2005 nE*#

26
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JEITA EDA -WG Activity and
Study of Interconnect Model

Dec 6, 2005
Asian IBIS SUMMIT in Shenzhen, China

JEITA EDA-WG
Takeshi Watanabe (NEC Electronics)

JEITA ; Japan Electronics and Information Technology Industries Association

© JEITA 2005. All Rights Reserved. 1

QOutlines

1. JEITA EDA-WG Activities
2. Short Term Direction of JEITA EDA WG
3. Study of Interconnect Model

4. JEITA IBIS Model Portal site

© JEITA 2005. All Rights Reserved. 2
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1. JEITA EDA-WG Activities

Objectives of JEITA EDA

EDA Model for

Digital Consumer Electronics

Cellular Phone, LCD /PDP TV,
Digital Camera/Video, DVD Recorder

(Digital , RF, and Analog circuits)

Auto Mobile Electronics ?
(Motor Drive, EMC)

< Applicability of IBIS V4.1 >

© JEITA 2005 All Rights Reserved.

EMI, Sl and PI
for Digital Consumer Electronics

<Background>
EMI  High-speed Clock Frequency
Si DDR, PCI, PCI-Express
Pl High density and Large scale IC

SiP and Module, PCB level
EMI, Sl and Pl Simulation Technology

© JEITA 2005 All Rights Reserved.
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EDA Model for EMI, Sl and Pl Simulation I

PCB RF Modules
FPC

LSI Model

Cables Passive IC Chip

[ —— Component

Connectors (LCR, Filter) N |C Package

Display Discreet

Crystal
Oscillator

© JEITA 2005. All Rights Reserved. 5

Focus of EDA Model for Simulation I

10 components

ICs RF Modules Passive
Components
(LCR, Filter)

IC Package

EDA Models
For
Digital Consumer electroni

PCB

Discrete
emiconductors

Crystal Oscillator

FPC

(Flexible Printed Circuit Board)

Connectors Cables

© JEITA 2005. All Rights Reserved. 6
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JEITA EDA-WG Member |
16 Major Companies

Semicon

Digital Panasonic NECEL Zzs,:;)‘:)enents

Consumer Sony Toshiba

Electronics Sharp g

Supplier Sl Murata
Toshiba

EDA Models
For

Discrete ICs

Shin Dengen Digital Consumer electronics PCB
EDA(intemaI/vendor) CMK
Keihin
Fujitsu
Mitsubishi Connectors
Cadence Japan JAE
© JEITA 2005. All Rights Reserved. 7

2. Short Term Direction of JEITA EDA WG

*Study of Interconnect Model
*IBIS Models of Passive Components and
Connector and other Components
-JEITA IBIS Model HP
*Discussion about Case study of Simulation for
Digital Consumer Electronics

and JEITA-IBIS Joint meeting periodically

© JEITA 2005. All Rights Reserved. 8
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3. Study of Interconnect Model
Sl Model (Connector, PCB, Cable)

Signal Waveform measurement point
InfiniBand
RapidlO Connector
DDR

Terminator

Passive Component

Signal Generator SMA Connector

Cable, FPC

JAE (Japan Aviation
Electronics Industry)
FI-X Series

© JEITA 2005. All Rights Reserved. 9

Study of Interconnect Model
for Signal Integrity

& Target Application; DDR, PCI-Express etc.
€ EDA Model; Connectors,

Passive Components,

PCB (Via, Pattern),

(LSI)
€4 Simulation Tool; Cadence etc.

© JEITA 2005. All Rights Reserved. 10
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Sl Model (Connector- Type B;
stacked module, PCB, Cable)

Signal
PCI-Express
HyperTransport

WB3 Series

Waveform measurement point

Connector

SMA Connector

Signal Generator
© JEITA 2005. All Rights Reserved. 1

Sl Model (Connector- Type C, PCB,
Cable)

Signal
PCI-Express
HyperTransport

Connector

MJ04 Series

Waveform
measurement point

SMA Connector_\ Signal Generator

© JEITA 2005. All Rights Reserved. 12
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S| Model (Connector, PCB, Cable, LVDS)

Waveform measurement point

Connector

Terminator

Signal Generator SMA Connector \ Cable, FPC

© JEITA 2005. All Rights Reserved. 13
Simulation Model |
Equivalent circuit ~ Simulation
; 11 }3 R WA
RGN IDONE I S SR ARSE
TML
L L Measurement
S e e o o
© JEITA 2005. All Rights Reserved. 14
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4. JEITA IBIS Model Portal site Plan

instruction
manual

JEITA IBIS Model Portal Site Contents |

IBIS Documentations
COOK BOOK

IBIS Library

Instruction manual
IBIS Model Storage rack

IBIS Training / IBIS E-Learning
IBIS Free Tool

Support for IBIS Users

© JEITA 2005. All Rights Reserved.
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, Reference
. Voltage

ndicate
IBIS

Output 1

™ Rise/Fall [« ss=os

Current || Speed

IBISIndicator for 18is Quality Control

By KAW/JAPAN www.kaw.co.jp

Before

Automatic
Correction

Correction IBIS |, .= - ™

£
rreon R
| © JEITA 2005.L¥|‘|‘RTQ1’1T5’RE‘S‘ETVEU.—

Indicate
Signal
Wave

17

Thank you for all the help

EIA/IBIS Committee!

© JEITA 2005. All Rights Reserved.
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IBIS and Power Delivery Systems

Jiang, Xiangzhong
Li, Jinjun
Zhang, Shengli

Huawei Technologies, China

www.huawei.com

*IBIS history in Huawei

*A accurate Simulate Model is first element of
successful SI', and the difficult step.

*1999 Sl dept. founded

+2000 Test board

*simulate arithmetic study

+2001  Mr. Bob Ross visit Huawei and lecture
*IBIS Membership

+2001  Modeling Group founded

*Track Industry Model development

*2003  ibischk4 fund

*Now  Asian IBIS Summit 2005

www.huawei.com
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*2 Model Platform in Huawei

*Total simulation Model solution

[ Model Platform ]

[ BiSModel ] [ HSPICEModel |  [Cap&indas Model
[ | [

[ ADS/SQ/HSPICE ] [ HSPICE ] [ ADS/SQ/HSPICE ]

www.huawei.com

*3 IBIS Validation

*Ibischk3

*Syntax Errors and Warnings
«Common Errors and Warnings
*Structural Errors and Warnings
*Non-monotonicity Warnings

*Extraction Errors and Warnings

www.huawei.com
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*3 |IBIS Validation

+IBIS file check(correct& Completeness,Databook)
*IBIS Properties
*Component Properties
*[pin]list

*Package&pin Properties
*C_pin L_pin R_pin
*Model_type

*C_comp

*[Voltage Range]
Vinh,Vinl

*Vmeas Vref Rref Cref
*Max/Min Data condition

*VI Properties

*VVT Properties

www.huawei.com

*3 IBIS Validation

«Simulate
*Spice Correlation
*VVoltage Swings[high/low,over]

*Timing Test Load Response

Measure

www.huawei.com

Page 56 of 128



Simulation Platform of Power Integrity Based on
Distributed Spice Circuit Models of Components

*Huawei spice circuit model library of capacitor

*Huawei simulation platform of power integrity

www.huawei.com

p Background

«It is a great challenge to design a power distribution system capable of delivering
large amounts of current at low voltage, and decoupling capacitors must be chosen
and placed to optimize its performance .

«Simulation of power integrity can improve the capability of design and analysis for
complex power distribution system efficiently.

*Modeling passive component is still the emphases of simulation of power integrity
because of the bottle-neck of noise model of IC.

*The distributed circuit model of component is appropriate for SPICE simulation
and analysis programs that optimize the use of discrete capacitors in PDS.

www.huawei.com
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P Distributed circuit model of ceramic capacitor

Plates

VS via pair

Powar planes

Lh
Lbcmem
me_‘ ia

C R
Ll%
Solder pads
r 1 r 1 PCB
5

Cross section of discrete capacitor mounted Distributed circuit model for SPICE derived
on PCB power planes from construction of ceramic capacitor

www.huawei.com

P The spice netlist of 0.01uF ceramic capacitor

_subckt C_0807024% 1 0§
+ esr=lm lospInductance=lin

L1l =z 2a 4.2411512-010 B
c11 za zza & 785720=-010 £
R11  22a aa 7.6247022-001 ohm
Ll aa = 4.z4llsle—olo B

L1z 2a sa 1.4395402-011 h

cz  sa =1a &.785720e-010 £
Rz Zla &a 7.62470%2-001 ohm
Lrz  sa aa 1_4355402-011 h
L1z Sa 7a 1.4335402-011 b

cz 7a z0a & 785720e-010 £

Rz =0a =a 7.6847032-001 ohm
Lr3  sa ca 1.435540=-011 &

Lla 7a sa 1.4335402-011 b
ca  sa 254 &.785720=-01

R4 z3a 10a 7.6847032-001 ohm
Lra 1l0a sa 1.435540=-011 &

L1S 3a lla 1.4335402-011 b

cs  11a z8a & 785720=-010 £

RS zea lza 7.6847032-001 ohm
Lrs  1za loa 1.435540=-011 B

L1 1la 13a 1.433540=-011 b

ce  13a z7a & 785720e-010 £

RE  z7a laa 7.6847032-001 ohm
Lre  laa 1za 1.435540=-011

L17 13a 1sa 1.4335402-011 b

7 1sa z6a & 785720e-010 £

RT  z6a lsa 7.6847032-001 ohm
Lx7  lea Taa 10435540=-011 &

15 15a 17a 1.4335402-011 b

s 17a zEa &.785720=-010 £

Rs  z5a 1sa 7.6847032-001 ohm
Lre  1l8a lea 10435540=-011 &

L1 17a 1sa 1.439540e-011 b

s 1sa ziaa & 785720=-010 £

B3  z4a z0a 7.6847032-001 ohm
Lxs  z0a lea 1.435540=-011 &
Lllo 13a zla 1.439540e-011 b

cio zla 23a &.785720=-010 £
Rl0  23a zza 7.6847032-001 ohm
Lrlo zza 20a 10435540=-011 &

wsense 4 5 0 ac=0
_ends C_02070247

lement values model was extracted from measured s-parameter based
n Monte Carlo method

www.huawei.com
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> Distributed circuit model simulation compared to
measured 0.01uF capacitor

dBtmeas248. Z(1.1))
dB(Z(1.1))

www.huawei.com

P Spice circuit model of 10uF Tantalum capacitor

1L
el A ,
10
> measure
-~
< model
&
.b 1
> 10' b
&
.b
-
}: Tl 10
- 1
>
>
3L
T LAAT .
L 10
i > 10 10 10 10 10
].

www.huawei.com
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p The spice netlist of 10uF Tantalum capacitor

. subckt C_0802005% 1 &
+ esr=lu loopInductance=ln
lloop 1 @ loopInductemce // loop or mounted inductance in henries cl 2 la capacitance

Lo 4 Za 1.22865E2-00% b
cl 3a FzZa Z2.09023%e-006 £
L1 3Za 4a 4.893301Ze-010 h
Rl da 2 £.1230792-001 ohm
4 3a Zla 3.6082352-006 £
Lz 3la Ea 1.01558272-0038 h
Rz &a da 3.5453602-001 ohm
cz 3a 20a 1.4z6664e-007 £
Lz 30a Za 1.3527362-008 h
B3 Ba fa & f41237e-001 ohm
c4 3a 29a 5.113291e-007 f
L4 29a 10a &_165504e-010 h
R4 10a ga 7.889731e-001 ohm
(141 3a Z8a 1.839966e-007 f
LG 28a 12a 6_0765172-010 h
RE 1z2a 10a 1.088326=+000 ohm

rl 3 4 esr ff/ esr in ohws
rdun 2 3 l0Meg /f resistor to make dc path
wsense 4 5 0 ac=0
.ends C_D20Z00ES

on Monte Carlo method

www.huawei.com

. Element values model was extracted from measured s-parameter based

» HUAWEI Simulation platform of power integrity

e Cadence SQPI based two-dimension transmission line
theory
S-parameter:

Spice model: high-efficiently

* Ansoft Siwave Based electromagnetic theory
S-parameter

www.huawei.com
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P Simulation of Power integrity for one product

Total pins: 13022 pins
Stackup: 12 layers
Power consumption: 3.3VX20A

www.huawei.com

4

for the product

Simulated and measured impedance of power network

20

0—

-20—

dB(Z(
dB(Z(

40—

_ ————

-v\

-60

1E6

Red: s-parameter; Blue: spice mode; Green: measurement

1E7 1E8 1E9

freq, Hz

www.huawei.com

Page 61 of 128



D Conclusion

*HUAWEI hold completed and accurate spice model library of passive
component;

*Simulation platform of power integrity based on spice model library has been
founded;

*The simulated impedance proved to be consistent with measurement and
can be used to solve the power noise problem of product.

www.huawei.com
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Power Delivery System,
Signal Return Path, and
Simultaneous Switching Output
Analysis Guidelines

Asia IBIS Summit

Raymond Y. Chen
Sam Chitwood

Sigrity, Inc.

December 2005

_/\S1eRITY v sgrity.com
Design Flow

Signal and Power Integrity Analysis is Performed in Each Stage

| Design Start with System Requirement |
Feedback to comparison studies, solution space
optimize circuit exploration with typical/corner
A q ——
| Architecture & Schematic | (e 1

Interconnect Characterization &
Generate Physical Design Guidelines
select 1/0 and system components for performance
requirement; noise and timing budget assessment

Constraint Driven Layout

critical route, aut ite, l
design rule check !

SSO/SSN, reflection, crosstalk,
eye-diagram, model generation,
etc.

Verification
prototype, lab measurement
Problem found, seek fix
NO 3 "
Design Evaluation 3

YES

Successful Design
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_/\iIGHIT'f

Enhanced Work Flow - Stage

Pre-layout stage — generate high speed design guidelines

1.

PDS design guidelines

= Stackup what-if

= Copper weight determination

= Decap placement for P/G current

= VRM sense line optimization
Signal return path guidelines

= Via rules for layer transitions

= Choose signal layer references

= Crossing split-planes warning

= Decap placement for enhancing signal return paths
SSO guidelines

= Timing impact evaluation, SSO push-out timing budget

= False switching prevention, victim nets (stuck-high, stuck-low),
noise amplitude budget

= Bus scheduling and driver slew rate control
= Decap placement to reduce SSO noise
EMI early prevention guidelines
= Via stitching rules
= Stackup variations
= Retreated plane rule
= Power island/ring, mix-signal isolation guide
= Radiation harmonics vs. P/G resonant frequencies correlation guide

1

www.sigrity.com

_/\;IG!ITT
Enhanced Work Flow - Stage 2

Post-layout stage — verification, design rule check, constraint management

1.

PDS design check
= |dentify over- and under-voltage conditions for all devices on the distribution
= Pinpoint insufficient routing (neckdowns) that causes excessive voltage drop
= Locate current distribution “hot spots” that introduce unnecessary thermal stress
= |dentify via, bump, and ball currents above/below user-specified limits
= Verify target impedance is met

SSO Simulation

www.sigrity.com

= Worst corner cases, even/odd mode switching, maximum delay, skew, over/under shoot, ringback

= Eye-diagrams and pseudo-random bit streams (PRBS)

Decap Optimization

= Decap number reduction - remove extra components to save routing space, cost and enhance product reliability

= Decap value adjustment - address resonant frequencies

Model generation - deliver to other groups, or use in system-level simulations
= Core power system model

= 1/0 and return path modeling — using S-parameter models to capture signal distribution system and power

distribution system interactions
= |R drop DC circuit model

Page 64 of 128




www.sigrity.com

Enhanced Work Flow - Stage 3

Problem resolution stage — evaluate design change options to reduce re-spin

_/\S1eRITY

1. PDS structure options
= Add more decaps
= Reduce pwr/gnd plane separation
= Add more plane area (interplane capacitance)
= Add more P/G shorting vias
= Convert signal pin to P/G pin - e.g. FPGA footprint
2. Signal return path options
= Reduce via transitions
= Eliminate reference plane changes
= Add decap across plane splits
= Change signal vs. P/G ratio and distribution pattern,
add more return vias or decaps
3. SSO options
= Change driver slew rate and switching parameters
= Add decaps to reduce SSO noise
4. EMI options
= Add stitching vias near board edges
= Adjust power island/ring

= Add decaps to adjust radiation harmonics and P/G
resonant frequencies

www.sigrity.com

_/\S18RITY

Delta-i Noise Simulation and Decoupling Capacitor Placement

Spatial Distribution of Power / Ground Noise on a PCB

No decaps

3 decaps placed

10 decaps placed
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ASIGRITY .
[ www.sigrity.com

Power / Ground Impedance Extraction

PCB impedance at one location; number of decoupling caps is varied

Objective — eliminate/reduce impedance spikes within the frequency range of interest

Amiplitude (Chim)
B boomoooieeneoee B G SEISERRREE S CRETTISREPREE P CGRRITTTERRPR R RGRRITTIRERRI
| i No decaps
] S | i Guecurve) £ b
i / i24 IDC decaps;
P ;“\ ...................... e (red curve) _ H .........
S e T— A— —
I {12 0508 decaps; . |
o] I i(greencurve) | /1) \ .. .
P ; / ; ; \
S I R S A AN .
‘“ AN T : & : x5
SN L i Y
0 e : ;
200 400 B00 800 1000
Frequency {MHZ) 7

Optimize Decoupling Capacitor Selection
and Placement for the Entire Distribution

= |dentify impedance “hot spots”

= Board location
= Target frequency

= Place decoupling capacitors in
areas exceeding target impedance

= Select ideal component values
= Analyze power / ground resonance

= Minimize component costs with
optimized decoupling solutions
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PDS Optimization - IR Drop Analysis

ASICs require a constant and stable voltage supply for proper operation
= The voltage supply is allowed to deviate by an amount specified by the vendor
= This deviation (or fluctuation) of the supply is composed of DC loss and AC noise
= The IR drop tolerance is commonly 5% (or less) of the nominal operating voltage
= If the tolerance is constant, then a reduction in DC loss yields a larger AC noise budget

Blue curve — PDS voltage with no IR drop Red curve — Same PDS voltage with 50mV drop

A
Iy I|| ||1 |'|_|
| .-II...

(i i

‘/\il GRITY www.sigrity.com
Why is DC Analysis Important?

= Numerous factors have combined to exacerbate the problem
= Core voltage levels continue to drop: 1.2V and less are now common
= As voltage is reduced, current requirements typically increase: IR drop=1*R
= Less layers and higher densities have reduced the available area for power nets
= Antipads around vias perforate the planes and can overlap - the “Swiss cheese” effect
= Complex geometries make analysis with hand calculations difficult, if not impossible

R WYY Y W ¥ AR WKW

Neck-down Swiss Cheese on solid plane Dynamic trace routing can cut off the PDS

= IR Drop is a system level problem - analysis of the entire power
distribution system (PDS) is necessary to optimize the end-to-end
voltage margins for every device on the distribution 10
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PDS Optimization - IR Drop Analysis

Typical Objectives of DC Analysis: =~ “ro ceme = e e -

FIEEE T

[ e mmese
CICESRE & R L

« Pinpoint critical voltage
distributions and IR drop issues at
multiple component locations

« Optimize IR drop-sensitive Package T
and Board device locations

o Locate current distribution “hot
spots” that may lead to current
density and thermal issues

» Optimize crucial VRM (voltage
regulator) sense line locations and
nominal output voltage settings

« Quantify total path and loop
resistances of the complex PDS

_:':Ff‘__‘::;f:?:li i

« ldentify hard-to-find, high resistance areas

« Conduct conclusive IR drop analysis for the complete IC Package and Board PDS

‘j\il GRITY T
Signal Integrity Optimization - Effects of Signal

Return Path Discontinuity (RPD) and SSN

\‘ L
One signal switching without [_O_:} - ri I—

reference plane change

power via

One signal switching with [—O—:):k T B H

reference plane change, G -

Red:signal current  Blue:Displacement = A~

return current  Pink:power/ground P E———

voltage fluctuation due to EM waves

between planes > 1.

Multiple signals switching I—O—D—_\/\/‘- — - |_

with reference plane change, G -
Red: more signal currents ‘/\— —/\,

Pink: stronger power/ground voltage P
fluctuations due to EM wave between

planes. More signal waveform distortion

and skew.
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Receiver Waveforms under the Influence of

Simultaneous Switching Noise (SSN)
(The number of simultaneous switched drivers was varied, no decoupling
caps were used, results from Speed2000)

:4 Drivers
1 Dt;‘iver

: : : P
5 : f?][ . Ideal Case: Trace on : ringing
skew§—> £ top layer, no RPD
1 '-""""-'é-}.ffjj ------- ;L"""""'é ------ Timing and waveform degradation
/f’ are two major types of SI analysis.
F i i Power & ground, as signal return

,f i paths, affect both.
u} R R ST B T

Time (nsl

_/\S1&RITY B
www.sigrity.com

Effects of Decoupling Caps on Receiver Voltage

with 8 Drivers Switching Simultaneously
(SSN reduction, results from Speed2000)

: i :No decoupling:caps

Top layer, no RPD

32 caps (0603) . :
: 1us 4 caps (0805) : Max Overshoot/Undershoot

LI et o 7 it = ——?L———P——(————)—E —————— No decoupling caps: 772 mV
; : : 4 caps: 260 mV

36 caps: 49 mV
Ideal case: 39 mV

Tirme (ns
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Why use S-parameters for SSO analysis?

= Lumped RLC models are a low frequency approximation
= A single RLC segment cannot accurately model propagation delay
= Frequency-dependent, broadband coupling is mandatory at GHz switching frequencies
= Power / ground impedance is highly frequency dependent - RLC cannot model this easily

= Power / ground structures affect the 1/0 signal’s performance
= Realistic power distribution systems (PDS) do not supply a constant, ideal voltage
= Large, parallel busses create huge current transients (large dl/dt)
= PDS noise degrades the signal quality of a driver’s output (SSO pushout for example)
= Resonance in the PDS significantly increases via crosstalk and impedance

= S-parameters capture the frequency dependent response and coupling of
the power / ground structures and 1/0 signals

_/\S1&RITY B
www.sigrity.com

Broadband Package Model Extraction

34-port mixed PDS and I/0 S-parameters, 100 Hz - 5 GHz

T —

o

L T - L S T Sy =it T T e

OT=TT i+ Spaf=is] [ 87 - — 0 F -
nieia) s isf STl i) Sjals T

The 16 signal nets in the left corner of
the package are of interest.

An equivalent circuit model is extracted
for these 16 signal nets, together with : - R
the power and ground nets. i - —
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Suggestions for S-parameter Extraction

Only extract the nets of interest
= Example: don’t extract the PCI bus if you’re only interested in DDR
= Typical extractions are 8 to 32 data nets; 64+ nets only when necessary

= Use current mirrors (multipliers) for large, parallel busses

Set an appropriate frequency sweep
= ~100 Hz - 10 MHz: Log sweep with at least 5 points per decade
= 10 MHz - 2+ GHz: Linear sweep with a 10 or 20 MHz increment

= The low frequency data is important!

_j\il GRITY www.sigrity.com
Typical PDN return-loss curve

S Amplitude

Transition
Region

DC Response

A\' Frequency Flat Region
/ Frequency

The low frequency flat region and the transition region must have a sufficient number
of data points to enable the final simulator to accurately extrapolate the entire curve.

0.0
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SSO Methodology - Stuck Bits

Local Power

Ground Noise 3
at Die-Pad r
One of the 2 y . ; : ;
Active SSO : § § /\ § ’/\
Signals at the / : : / : : ; Victim Signal
Rcvr End T : ; : : : : Stuck High
: } ; : / : \ : /i at Revr End

Digital Trigger
with Certain Bit
Pattern

| ! | i i § \ Victim Signal
i ! i} N =

: : : Stuck Low
o 2 1 6 8 10 12 12 18 18 at Revr End

Time (ns)

Set two of the data bits as stuck high and stuck low victims. These results can
assist with a more in-depth analysis of the power and ground rail fluctuations.

‘/\il GRITY www.sigrity.com
SSO Methodology - PRBS

k| ] [l 0 i O B A48 L I

WL

i ||--r P ||]—|-||fr|

AN

The worst case power/ground noise does not always occur with 1010...
transitions. Random bit patterns will reveal the impact of PDS impedance
problems that would otherwise be missed with repeating 1010... patterns.

20
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Summary

= Optimizing the PDS impedance will reduce the supply
noise, improve signal integrity, and generate less EMI

= The PDS voltage noise has AC and DC components

= Decoupling and IR drop analysis will maximize voltage margins of
the complete system

= Capturing the interactions between the PDS and the 1/0s
is necessary for accurate signal integrity and SSO analysis

= Ensure that signal return currents are accurately modeled,
because unmanaged return currents can cause lots of PDS related
noise phenomena

= Stuck bits and a PRBS stimulus are valuable techniques in
identifying underlying problems for |/0s and the PDS

21

_/\S1&RITY B
www.sigrity.com

Thank You!

22
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Content \

Why C_comp and its split ratio are
important for power integrity simulations?

The procedures to extract the C_comp and
C_decap values from HSPICE simulations

Simulation results for Micron U27_a_dq
buffer

o /

/Why C_comp and its split ratio are \
important for power integrity
simulations?

C_comp could impact the power integrity simulations in
following ways:

C_comp at non-switching 1/0 could act as effective
local decoupling caps. The ratio has a big impact.

C_comp split ratio heavily impacts the noise level
coupled from power supply to quite I/O pins,
especially at high frequency.

C_comp split ratio will have direct impact on
dynamic current distribution for switching I/O

buffers
we: C_comp split ratio has no impact on Sl simulations when voltage supply is idy
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Simplified 1/0 model for IBIS
specification

\

vDDQ

@
C_decap’

iR_puIIup
C_decap

C_comp_up

o

C_comp_up

l[e]

R_decap’ ecal Ulidown
O R_decap ?_p Iid
Zvddq_open
Zvddq_open
DDQ®

L |

EE:

GND®

KYvddq_open=Ydecap+(Yup*Ydown)I(Yup+Ydown) (1 -g)/

/0

Zvddq_open=Zdecap//(Zup+Zdown) (1-1)

Page 76 of 128



///"

Z vddq_short_to_gnd

\_

Output is low
Zvddqg_0

;

Zvddq_

(%j%nd

0

|

G

Output is high

I T l[e]

®

i

GND'

GND

Zvddq_0=Zdecap//Zup (2-1)

Yvddq_0=Ydecap+Yup (2-2)

/

-

Z vddqg_short_to_pwr

~N

o

Output is low
Zvddq_1

I\%JDQ i G

T

i

/0

o

Zvddqg_1

Output is high

4
vDD&

GN

/0

EHH%

Zvddq_1=Zdecap//Zdown (3-1)

Yvddq_1=Ydecap+Ydown (3-2)

J
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GND GND'

Zio=Zdown//Zup (4-1)

K Yio=Ydown+Yup (4-2) /

4 N

Extraction of Yup, Ydown and
Ydecap

Yvddq_0=Ydecap+Yup (2-2)
Yvddqg_1=Ydecap+Ydown (3-2)
Yio=Yup+Ydown (4-2)

Yup=(Yvddq_0+Yvddq_1+Yio)/2-Yvddq_1 (5-1)
Ydown=(Yvddq_0+Yvddq_1+Yio)/2-Yvddq_0 (5-2)
Ydecap=(Yvddq_0+Yvddq_1+Yio)/2-Yio (5-3)

o /
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impedance

\

1/0 pin impedance

IO pin impedance Imaginary part of VO pin impedance
18 T T T T T T T T T 0 : T T T T

— input low
1 nput high | |

impedance
IS

0 02 04 06 DB 1 12 14 16 18 2 “n 02 04 D06 D08 1 12 14 16 18 2
freguency w10™ frequency il

Power/ground impedance when 1/O pin
is open

Powerfground pin impedance
10 T T

input low
—— input high

impedance
=]
L

I L |
10° 10° 10" 10"
frequency
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1/0 pin capacitance

Vccq parasitic resistance

rasistanca

Realpat oftoal n-Jie oy deooulrg Rl par ekl or-tis Voog Jzcoplng el 7, orp o) Real at ofanie Ve araiics (pxluing  amo and bk deeai ca efet)
30
\
A\
5
A
A
2 Ny
\ AN
3 < A
ERr) AN H Y
AN ) £ X\
N\ g 3 N\
N AN
i -
d
p
E
04 06 €8 1 12 14 16 18 2 02 04 C6 08 1 12 14 16 "8 2 0 0z 04 OB DE 1 12 14 16 18 2
freguency o feery n? T o
Everything included C_comp effect excluded C_comp and lumped decap cell

effect excluded
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Vccq parasitic capacitance

Gtecirce oftotal ond Veeq dacaplrg exludng & omp fects)

Capcfgas oo Voo aatasiics fxc Lng 2o anc ok cec o o)
i &

10 Capacitance oftotal on-die Veee decouping
4 s 1
— putlow
1 . " — ipthizh
\\
3 3
b
S
25 25 N
2 H R AN
Z 23 - IR
2 g - AN
g 8 H AN
15 15 h
\ 18
Y
b ¥ ¥ \s 5
0 02 04 06 28 1 12 14 13 18 2 0 02 0¢ 0 08 1 12 14 16 18 2 € 02 04 C6 06 1 12 14 1§ 18 2
frequency i feguency o (e 0"
Everything included C_comp effect excluded C_comp and lumped decap cell
- effect excluded
resistance
pullup resistance mm pulldown resistance
10 1
0’ 1
3 o
2 5
s 5
] 2
5 g 4
3 10 ]
2
o 9
10
L L L L L L & Amn L 1 1 L L L L L 1
0.4 0.6 08 1 12 14 16 18 2 0 0z 04 068 08 1 12 14 16 18 2
frequency x10° frequency oi®
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Pull_up and Pull_down
capacitance

C,omp pullup pattion

C amp pulldown partion

1 L 1 1 1 1 I I 1 I I L L 1 1 I I ,
0 0z 04 D06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
frequency % 1Um freguency 3 WUm

o )

4 N

Conclusions

C_comp is frequency and state dependent
C_comp split ratio is also frequency and
state dependent

C_comp and its split ratio are very
important factors for correct power
integrity simulations

Existing C_comp and I/V table may not
completely model the frequency dependent
property of I1/O buffer, even at steady state.

o /
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Using IBIS for S| Analysis

Lance Wang, ZhangMin Zhong
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Outline

« What happened on IBIS (IBISJfj i)
« Why IBIS (IBISIPUF4k)
— Speed and Accuracy G 5 FIURE )
— Industrial Examples (DAL 1)
« Advanced IBIS Technologies (n#IBISE A )
— Complex-lO Devices (5 Z:I/0#1F)
— Macromodeling is a solution (A5 RY fif g 7 %
— Experiences and Industrial Examples (£:46 81 T\ AL5 1)

2 Copyright © 2005, Cadence Design Systems Inc. C 5 dence |
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Outline

«What happened on IBIS (IBIS)Jj52)

Copyright © 2005, Cadence Design Systems Inc. cadence

What happened on IBIS
- Spice Transistor Level Models (/&% A5 d AR 2 )

MAK
" Blodks o

Blocks

Fast PLLs

8%3.125 Gbps

Transceiver
Channels
8%3.125 Gbps
Transceiver

Channels

Channels

Fost Plls —§-

DPA
Channels

Fost PLs —

Block PlLs Block

Layout Extractions (JEREFEME:HLED

-Very Complicated
-A lots of unusable stuff
-Too slow in the simulations

4  Copyright © 2005, Cadence Design Systems Inc. C 5 d ence i
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What happened on IBIS
- Behavioral Models (474 AR B EARAR)

WRAM o IRAM
Bok  Pls  Bock

Behavioral Extractions £ PEH2EL

cadence

05, Cadence Design Systems Inc.

What happened on IBIS
- IBIS is behavioral Model (IBISEAT AZiEiA)

IBIS model

vee

Ramp pull- POWER 2
up | up clam
input [}—{ threshold (or V-t) [RY} 1V package
-state pin
enable [1— control Ramp = Pt T
down S clamp | == c_comp
(or V-t) -V -V

Block diagram of CMOS buffer

A basic IBIS model consists of:
four |-V curves: - pullup & POWER clamp
- pulldown & GND clamp
two ramps: - dV/dt_rise
- dV/dt_fall
die capacitance: - C_comp
packaging: - RLC values

for each buffer on a chip

Copyright © 2005, Cadence Design Systems Inc cadence
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What happened on IBIS
- The Original “Box”

18t PCI Chipset
(33 MHz)

IBIS

«1st Pentium uP
(66 MHz)

7 Copyright © 2005, Cadence Design Systems Inc. C 5 dence i

...and the “Box” did grow
@
@
+1st PCI Chipset
(33 MHz)
IBIS [
[
«1st Pentium uP
(66 MHz) ®
21
3.2 An increasing
4.1 amount of Complex
10 models are
. missing the box
8  Copyright © 2005, Cadence Design Systems Inc. @I
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What happened on IBIS
- IBIS Model Vendors (IBISHEAIE i)

Top10 IBIS Model Vendors on Web
120.0% O Total
B Actel (7)
100.0%
O Elpida (10)
0,
80.0% 0IDT (5)
0,
60.0% i ” m Intel (1)
40.0% @ Motorola (4)
20.0% Iﬂﬂ I] H B National Semi (8)
0.0% ‘nﬂ- I a ! I A a I‘ ‘[l . : 0 On Semi (9)
O & & & $ N o . )
Q;bé\()\ %Q& 6§§° S 4 ee}e‘c}o §&® Q‘g“b& é@‘? &0 g @e} m Pericom Semi (6)
M SRR RS o = Philips Semi (2)
J £ N4 & O P!
€< @ &
® @\ aTI(3)
d&e}

Copyright © 2005, Cadence Design Systems Inc. cadence i

What happened on IBIS
-IBIS in EDA Tools (IBISZTEEDA T AN F)

» Major EDA Simulators are supporting IBIS now
— Cadence

— Mentor gt

SPIGE Simulators @Pé%aking
IBIS now 1"t ma ny

— Agilent

and ™

10  Copyright © 2005, Cadence Design Systems Inc. C E dence |
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Outline

‘Why IBIS (IBISH¥j{F4b)

—Speed and Accuracy CEEFIEE)
—Industrial Examples (T M4BT

Copyright © 2005, Cadence Design Systems Inc. cadence |

Why IBIS (BISHFAb)
-Speed and Accuracy G EFIRE)

» Behavioral data in Spice simulators
I(pad) = Ipd(V(pad)-V(gnd))*Wd(t) + lcd(V(pad)-V(gnd_c))
+ Ipu(V(pad)-V(pwr))*Wu(t) + lcu(V(pad)-V(pwr_c))

=Results are acc@

*Much, much fas
=20-1000 time i

=|P Protected "

HSpice Transistor Model vs. IBIS Model

12  Copyright © 2005, Cadence Design Systems Inc. C E dence |
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Why IBIS (IBISHILF4b)
- Industrial Examples (TMALBIF) (133MHz)

" % Sub-Title
et e A A

Driver: IDT 79RC32438 [

Receiver: Micron MT46V16M8TG

I~ 560V 7
1= _
K\ } K\M/ U N

L o W, . ]

112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 312 33 M

Vollag: [V]

Blue: Measured result Red: Simulated result

13 Copyright © 2005, Cadence Design Systems Inc. cadence |

Why IBIS (IBISHI#F4b)
- Industrial Examples (T MALEIF) (622Mbps)

CON CON

\/? PCB1 BACKPLANE PCB2 O{>

VSC9186

TDCS6440G

Copyright © 2005, Cadence Design Systems Inc. cadence |
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Why IBIS (IBISHjIF4b)
- Industrial Examples (TMALEIF) (622Mbps)

e
»~ »

siml: (B DOUTPI 1) B DOUTP1 1 Pulse Typ Reflection

casel - FriNow 04 182101 2003
2 T 1T 7T ‘ T 11T ‘ T 11T ‘ T rIT ‘ T 11T ‘ T 17T ‘ T 1
!

. U

3
u 1
L L ' _
i i
0
H
Eye Height: 210mv Eye Height: about 240mv
Eye Width: 1.1ns Eye Width: about 1.15ns

15  Copyright © 2005, Cadence Design Systems Inc. cadence i

Outline

«Advanced IBIS Technologies (INFEZIIBISH; A )
—Complex-l0 Devices (HZ:1/0%34)
—Macromodeling is a solution (EHEAEIRRITE)

—Experiences and Industrial Examples (£ T4k
%>

16  Copyright © 2005, Cadence Design Systems Inc. C 5 dence |
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Complex-10 Devices (5 Z:1/0%:44)

Pre-emphasisTi il E/De-emphasis Z= il &

| Emphasis (t) = Input (t-1) |
Main (+ & -)

I F~——=—=—=—=—====-=n
N 1P !
Input 130‘0\0 1000':_’ Nor-Inverting : » TX+ Pad 1000 1000
stimulus v l : !
pattern | 0111 0111 =¥ Inein L > TX-Pad 0111 0111
‘3 !
Emphasis 1
stimulus st
pattern r 0 0100
in concert Boost (+ & -)

in opposition

Picture from Michael Mirmak’s presentation in DesignCon East IBIS Summit 2004

17 Copyright © 2005, Cadence Design Systems Inc. cadence i

Complex-10 Devices (& Z:1/02344)

Self calibrating driver

(Calibrating Output Impedance only)

(For DDR2, when controller in a read cycle, the receiver is terminate )
(50 ohms. The resistor also requires to calibrate at run-time)

s gl

Resistor (calibrated)

5 ADC CMP
e External Ref Resistor
8Q Driver with Slew Rate Control

B

<

|
geddd

Not
1) Forsimplicity, NMOS and PMOS are used interchangeable
2)  Independent slew control for Rise and Fall

t
1) PMOS side is not being shown here.

18  Copyright © 2005, Cadence Design Systems Inc. C 5 dence |
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What is MacroModeling and Why?

KEYConclusions

M
Equation-based macromodeling of LVDS drivers

+ Flexible methodology

- handle drivers with enhanced features (e.g., control ckts)

< Accurate and efficient macromodel (5 10x speed-up)

r'-} ,_ |0HI WJ@ w At..” m-pre A@
M ,.,.vaN mole also 1F~ ‘5_ ia IBIS
}{u“ RARAE

|||ngua( extension
WA cromroteirgei-as

——————

Fietretoiogy |

- no specific assumption on device internal structure (preserve IP)

Methodology onlr

SPI2004  gp| 2004 17

QV‘OLEP

19  Copyright © 2005, Cadence Design Systems Inc. cadence

Macromodel from architecture templates

ARG AT R AR R

* Most modern devices are based
on known DSP circuit Match template parameters to

architectures

accurate macromodel

Layout model to get an

Vtt
Rate
e ll = out
Aligrer

—tw -

Known circuit architecture

Macromodel template with parameters

Copyright © 2005, Cadence Design Systems Inc. cadence |
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Industry example- Altera Stratix GX

“Altera successfully
adapted the MacroModel
templates to produce fast
and accurate models of
our multi-gigabit
transceivers. Not only did
the resulting model
correlate well, it also
simulates between 20 to
400 times faster than its
transistor-level
counterpart. And the
model can be easily
adjusted to match the =
behaviors of actual silicon
measured in the lab.”

Correlation: MacroModel vs TransistorModel

"Overall, the templates were simple to work with and very valuable amidst the challenges
of multi-gigahertz design."

21 Copyright © 2005, Cadence Design Systems Inc. cadence

Correlatlon AItera Stratlx GX B

wic
UIHFD

TINES

= —a— |

1 |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Yoltage [V]

=19 YU PTTIPOP POTTONY) PR POON OO HOPOL VTR [APPTPON OPPTTOON
Et s & 7 s o 10 11 12

-1

Time [ns]

- Transistor Level Model (HSpice) Transmitter output at factor=5

- Spice Macromodel (Cadence DML)

Copyright © 2005, Cadence Design Systems Inc. cadence
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1000 fF—
900

800 F

600 f

500 |

Case Study: Agere Systems 4 Gbps SerDes

Behavioral SertDes Macromodel Example

AR AN RERREERR RAARAERRN] RARMLARNY EARALARRE RARRR
Given transistor simulation
output and macromodel
template, how many
iterations and how much

Behavioral SerDes Macromodel Exanple

time required to make an L, T
Final Correlation ,

accurate model?

= 17t lteration
= 54 minutes

= ~400x faster
sim

[]

Transistor

1st Try

9th Try (15 mins)

12th Try (30 mins)

23
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Cadence IBIS 4.1 Kit

IBIS 4.1 Kit
README

I

IBIS 4.1
TOOLS

—

IBIS 4.1

IBIS 4.1
MODELS
For Simulators

SIMULATIONS
Templates

- SPICE * SerDes « Ibis2signoise
« HSpice » Gate Modulation « Ibischk4
« Spectre » PCl Express |10 « SPICE manual

Non-ideal Power
Pass-thru Rx
Self-calibrating Tx
DFE

Copyright © 2005, Cadence Design Systems Inc.
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Thank You
E
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Macromodeling and Multi-GHz
Interconnection Simulation

Asian IBIS Summit
Zhu ShunlLin
High-Speed System Lab, ZTE Corporation

Zhu.shunlin@zte.com.cn
December 2005

ZTE®

Agenda

K/
’0

Transistor-Level Model versus Behavior-level Model
Macromodeling of Complex I0s

Lab Correlation for Macromodels

Multi-GHz System Interconnect Simulation
Conclusions

L)

X/
0’0

X/
0’0

4

o
*s

J
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2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation
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Transistor-level model and Behavior-level model

s SPICE Model
» Good accuracy
» models are derived from transistor-level netlist and layout
» Relatively long simulation time and sometimes convergence problems
» Intellectual property protection concerns

+» |IBIS Model
» Models are derived from measurements and/or full SPICE model
simulations
» Fast simulation run time
» Model must be verified, sometimes be converted and modified before usage
» Difficult in Modeling complex transceiver buffers

% MacroModel
» Fast simulation run time
» A simply modeling solution for complex 10s ,such as pre-emphasis buffers
» Macromodel is based on IBIS model
ITERH —

2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 3

Modeling methodology

“* Modeling is quite involved, it covers active devices as well
as passive devices, such as package, transmission line,
connector, via, and plane etc..

% Not all modeling methods are the same. They have
tradeoffs and are suitable for different applications.

“» There are behavioral IBIS and structural Spice modeling
for active devices. Spice model is appropriate for
demanding situations, while IBIS model is often used in
system and board level simulation.

*+ Circuit simulators can run both IBIS and Spice. Different
simulators have different characteristics.

LTEpH —
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Modeling of complex |Os

% IBIS Multi-lingual Modeling
» VHDL-AMS
» Verilog-AMS
» Incorporating SPICE Subcircuits
» Incorporating External Model
» Incorporating S-Parameter Model

“» Macromodeling based on IBIS
» A simply solution for complex buffers
» Combining spice subcircuits and behavioral models

ZTEpH —

2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 5

Macromodeling and its correlation flow

b Model Correlation |/ Top
S
{ Macromodeling

f 3

u SPICE Simulation «H IBIS d—qr\ﬂeasurement Data]

A A

4[{Transistor-level Model] Bottom

For behavior-level modeling , correlation is necessary.

LTEpH —
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Macromodeling of SERDES

Macromodeling and Multi-GHz Interconnection Simulation

APre[0”
DATA SOURCES fr Pre[1] )
\ \.\m—_--/ /J
[~ _H_ Data+
Data in+ / |> L ‘\ Data- Tx+
7 \ BKG Tx_ball+
Data in- — -Pda JL Tx_ball-
- |' | > _'| e Tx- =
\ [ N 1. ) X =l
\ L L ?‘—|_J—\‘h--”/
., e |"/ /Sd;v_[éi\\\‘ |
o R l‘\SWH—]/"_
— VDD
Terme_sel | WSS
The structure of transmitter device
2005-11-7 7

Pre-emphasis

Datain
— —— FRl LY
T Emphasized outputs
< v ——
1-bit delay pre-emphasis inputs
2005-11-7 8

Macromodeling and Multi-GHz Interconnection Simulation
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Example Macromodel for Pre-emphasis

 Normal IBIS data  Place in macromodel template
[Model] TX_sample I » (Pullup (ReferenceVoltage
Model_type  Output > rt

Coomp) - 0260 -0185F 030pF | > » (Pulldown (VICurve

I[ - Range]—""_ijj?Y:fffT???yﬂzzlgﬁiiii__»__‘_v::,, > (Ramp (dt

‘ Tlom I(min) ey | > » (C_comp and/or padcap
I[PuIIUp] o

| Voltage  I(typ) __.-HThin) [(max)
[Ramp] ) =~

typ min max
dV/dt_r 0.36/0.10n  0.35/0.11n  0.37/98.79p
dv/dt f 0.33/99.12p 0.33/96.04p  0.33/0.10n
R _load = 5k

MGH MacroModel templates can be downloaded from

http://www.allegrosi.com

http://www.specctraguest.com

http://register.cadence.com/register.nsf/macromodeling?openform

ZTEpH —
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Simulation of Pre-emphasis using marcormodel

Sub-Title

Pre-emphasis
output

delay_1bit

I ] [ ) \ ! |
-403.722 p L L. J 1 ke i \

data in+

VA

Titne [ns]

Ul=400ps PRBS K28.5

2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 10
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Macromodel Validation setup

Trace
. .
—

Trace

Probe
TX model Termination
- )
]
Test Board Scope
TX model

Correlations with lab measurements and HSPICE simulations

ZTEpH —

2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 1

Macromdeling simulation w./wo. pre-emphasis

Red Curve: No Pre-emphasis Black Curve: 40% Pre-emphasis

[ o o e o o o NI .0 e e o L e e o e i

[Raad

ulind

0.4 ?::::::::::::::"""""""‘:": S DI IIII DI ITIC oI oI I I I II I I IR It ST IR

03f—

0.2E

0.1

785302 m B07.770

M~

-0.1

-0.2

-0.3

I""|""I'i|"'|""|""|""I""|""I""|""I""|

-0.4 ;.:.:.::::::::::::_____________ _:__; _______ e TTIoSToozzzzzoozzzzizoooooinessssrTooooooce TIozzoIDoo £ozoc]

_D.Si_llll||||||||||||E|||||||||||||||||||||||||||||||||||||||||||||||||
1
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Lab Correlation for Macromodels

1 Simulation using HSPICE models

2 Simulation using macrmodels
3 Correlate with laboratory measurement

DOUTPZ Esl P2 5P 5p4 RX_OUT
CUSTOM i TRISTATE
TXEI |i autl ] ]Se 2 1 22 ||] |] probe
SM4_CABLE_0 SHA_CABLE 0 ‘
X 5 o
) SP3 SP5 100" Ohm
TX] in2 | out2 1 =3 3 B A I 2l 2 b
SHA_CABLE D SHA_CABLE_0 W
test brd JULEJIJE_T0IN

Measurement versus Simulation

LTEpt —
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Laboratory and measurement setup

Il

PRBS k28.5

The backplane has 10” of
stripline

The daughter card has 3” of
stripline

Data rate is 3.125Gb/s

2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 14
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Lab Correlation for Macromodels

Suh-Title

,_.

Green

curve: measurement

.-”‘f“-_----

= \ —

s W -

Red curve: macromodel simulation 10% Pre-emphasis 1

b
by o i ol | o gmm w1 s | oo m o e | e w1 e | e
283 284 283 286 287
Time [1ns]
———— DESIGN DIN2 |_DESIGN DINZ 2_diff (1) LeCroy: signall (3)

2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 15

Lab Correlation for Macromodels

Sub-Title
R D D

Green curve: measurement

o

—

Red curve: macromodel simulation 20% Pre-emphasis

1 ]
) o e [l i oo | e w o e | s 1 mw | e e g e [
283 2584 285 286 287
Titne [ns]
DESIGN DINZ 1|_DESIGH DIMNZ 2_diff (33 (1)
LeCroy: signall (20
LTEPH —
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Multi-GHz System Interconnect Simulation

% Multi-GHz System Interconnect Simulation includes:
» Transceiver Modeling
» Transceiver Package Modeling
» Interconnection (Traces, Vias, Connectors) Modeling

. Backplane .
X Linecard Linecard RX
(connectors/trac
(PKG) (vias/traces) (vias/traces) (PKG)
e/vias)
2005-11-7 Macromodeling and Multi-GHz Interconnection Simulation 17

Multi-GHz System Interconnect Simulation

» Extracting models using 2D/3D EM solver

+ Correlation based on VNA and TDR/TDT measurements
% SI/PI/EMC Simulations

<+ Eye diagram analysis and design margin budget

“» Optimization

LTEpH —
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Measurement modeling

es5]

S (4B [Unitl

Sub-Tille

Frequency [GHz]

S-Parameter

3D EM Solver Modeling

S21 data comparison between VNA measurement and Simulation

ZTEd3

2005-11-7

Macromodeling and Multi-GHz Interconnection Simulation

TDR optimization

Sub-Title

Impedance analysis
of multi-GHz
Interconnection
is very important.

LTEht —

2005-11-7
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Macromodel application

Sub-Title Sub-Tile

T T T ! I
1d% pre-empr‘\asis 25% pre-emphasis

546,602 iV

F ‘ L = 200 300
Which is the best choice? —-—-
5 T ‘

l T I !
20% pre-emphasis 33% pre-emphasis

471.925m

XAUI 3.125Gbps interconnect simulation

by T T T T |
0 100 200 300 0 100 200 300

ZTEpH ——
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Correlation

pre-emphasis 25% pre-emphasis

LTEpH —
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Page 107 of 128




Conclusions

Choose an appropriate modeling method is critical for simulation.
Otherwise simulation may not be accurate enough or too complex
and time consuming.

Macromodel is an efficient solution for complex 10 modeling, provided
it be validated before usage.

MacroModel enables much shorter simulation time than transistor-
Level spice model. They can be used for system design and post-
layout analysis.

MacroModeling is appropriate for what-if analysis due to its relative
short run time and sufficient accuracy.

For multi-GHz Interconnection optimization, active device modeling
using marcomodels, PCB modeling using EM solver, and correlation
based on lab measurements have been proved to be very effective.

ZTEpH —
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IBIS'Models for DDR2 Analysis
Asian IBIS Summit 2005

Barry Katz, President and CTiO; SiSoft

Asian IBIS Summit

DDR Overview: Theory of Operation

- Dataicaptured on both clock edges
» Data (DQ)  drivenisource synchronously with strobe (DAS)

- Proper source sync operation requires twoe conditions:
- DQSipositioned to meet dataiSetup/Holdireguirements
- Eixed relationship between CK and DQS must be maintained

. DDRAI Clock (CK) range from 100MHz tor200MHz
- DQ200Mbs; to 400Mbs

. DDR2 Clock (CK) range from 200MHz toi400MHz
- DQ400Mbs to 800Mbs

Asian IBIS Summit
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DDR Ovenview: Theory of: Operation

- DDR1: 2.5V SSTL
. DDR2: 1.8V SSTL
. SSTIL introduces concept of AC andiDC levels

Receiver

A A e s R
[ttt

Asian IBIS Summit

DDR System Configurations

- DDR1: One to four memory modules
- DDRZ: One or Two memory modules

- VMemony Modules
- RegisterediandiUnbuffered
- 411018 memorny device

ADDCMD

Asian IBIS Summit

Page 110 of 128



DDR2 Enhancements
Moving beyond DDRY

- Technology
- EBGA Package
- Reduced Supply Voltage (1.6V)
- Optional Differentiall DAS
- Improved DIMM routing| Tepologies
- Improved Load Balancing
- On-Die Termination (ODT)

» [ncreases'number’of'combinations to simulate

- Slew-Rate Derating
= Modifies Setup/Hold requirements

5 Asian IBIS Summit

On-Die Termination

- DQ, DM; DQS signals only

» Memory. contrellerdefined
- Transfer by transfer basis
- Dependentioniloading configuration

- Multiple values: 50, 75,150, and“off”
. Reduces PCB component count

- Simplifies system implementation

» Increases analysis complexity

Asian IBIS Summit
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Data Write ODT Configurations

Active
One Module

Populated

System Controller

Active VoDQ|

Two Modules Bodils 150W

Populated RCVR
150W.

System Controlle
yste ntr r % VSSQ

S

Asian IBIS Summit

Data Read Configurations

Active
One Module Module

Populated

VbpQ
|

VssQ

Two Modules Active
Populated Rodule

VbbQ

Asian IBIS Summit
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DDR2 I/O Buffer Modeling Challenges

Spicevs. IBIS

. SPICE models

- Accurate, allow: for PV variation, over-clockable
- Slow. simulation time
. |BISimodels
- Canclosely matchi SPICE models for accuracy.
- Higher simulation| performance
- Multiple simulator support, readily available

Asian IBIS Summit

DDR2 1/O Buffer Modeling Challenges

ODiIF Modeling;in/ IBIS

» Tihree options forr ODIF modeling

- Biseparate! |-\ curves
= Normal [Rullup]; [Rulldown], [POWER Clamp] and [GNDI Clamp]itables
= ODIFVecunvesiincluded as [Submodel] tables
= [Submodel] usage creates)portability Issues
- Separate receive ODI-enabled model
= Requires switching in of separaieimode!
= Incrieases complexity’of simulation
= Separateisimulationsiforeveny case
- 4=\ curve model withr OB enablediin receive mode

= Worksiwell, butimakes IBIS [Pullup]fandi[RPulldewn] nen-monotonic
n [his is|OK because sum of [Pullup] and [Pulldewn]jwith Clampicurves;is monotonic

Asian IBIS Summit
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DDR2 1/O Buffer Modeling Challenges

ODI Modeling in [BIS — Thevenin ODI approeach

500/ 0D model [GND: Clamp] 500/ 0Dl mode!l [POWER Clamp]

Asian IBIS Summit

DDR2 I/O Buffer Modeling Challenges

ODI modeling in [BIS

[Pulldown] with 50 O ODT [Pullup] with 50 O ODT
characteristics subtracted characteristics subtracted

Asian IBIS Summit
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DDR2 1/O Buffer Modeling Challenges

ODiIF modeling;in/ IBIS

[Pulldown] combined with [* Clamp] [Pullup] combined with [* Clamp]
characteristics characteristics

Asian IBIS Summit

Future Considerations for IBIS
Slew-Rate De-Rating| Tables

Linear Line Approximation

- Virtual Eye at Receiver
Computed Result

- EYE At Device PAD.
SimulatediResult

Receiver

Eye at Receiver Output

I‘ Simulated Result

Asian IBIS Summit
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Thank: You!

Asian IBIS Summit
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B oocH

Inspire the Next

Practical Measurement vs. Simulation
Correlation with DDR2 667 Interface

Kazuyoshi Shoji
Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

People say :
IBIS model is NOT accurate.

Is that really TRUE?

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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HITACHI

Inspire the Next

People say :
HSPICE model is essential for design.

|s that really TRUE?

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

Let's see what's happening
in the real world and make

wise decisions!!

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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HITACHI

Inspire the Next

Experiments

Step1
For a given target system, prepare following;

1. Measurement waveforms
2. Simulated waveforms using IBIS model

3. Simulated waveforms using HSPICE model
Step2
Verify accuracy with figure of merit method
(100% is perfect match)

Step3
Compare simulation time

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

Target System

Digital consumer system
Point-to-point application
Memory interface with 333MHz ( DDR2 667 )

Layer1 Layer2 Layer1
50 ohm 44 ohm 50 ohm
Tmm 50mm Tmm

via via

Transmission lines

Parameters extracted from real design
using Cadence Allegro

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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HITACHI

Inspire the Next
Simulation condition

Models

Memory device:
DDR2-667 333MHz DRAM
IBIS model created by HITACHI ULSI systems

Receiver:
ASIC Model
provided from system vendor

Tool
Synopsys HSPICE 2005.3 SP1

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

Measurement equipments

Oscilloscope:

Agilent technologies
Infiniium54855A 6GHz 20GSa/sec
InfiniiMax1134 probe

Single-End Solder (E2679A)

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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HITACHI

Inspire the Next

IBIS vs. Measurement

t

Time (ns)

DRAM IBIS model Measurement waveforms

Good match with Figure Of Merit of 96%

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

HSPICE vs. Measurement

Voltage (V)

DRAM HSPICE model Measurement waveforms

Close match with FOM of 96%

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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HITACHI

Inspire the Next

IBIS vs. HSPICE

= —
S S
< <
o) 0]
(@] (o))
o T
= =
o o
> >

Time (ns)

DRAM HSPICE model DRAM IBIS model

Nearly equal with FOM of 98%

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

Simulation time comparison

HSPICE
model

IBIS
model 4 times
FASTER!

Simulation CPU time

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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HITACHI

Inspire the Next

Summary

1) Simulation results of DDR2 667 system shows
IBIS & HSPICE DDR2 memory model simulation
Correlation with measurement within FOM of 96%

2) IBIS model simulation faster than HSPICE model

by four times.

3) Using IBIS model simulation is fairly accurate and fast.
Good choice for practical purpose.

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.

HITACHI

Inspire the Next

Asian IBIS Summit Meeting All Rights Reserved Copyright © 2005, Hitachi ULSI Systems Co., Ltd.
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Improving IBIS ECL Algorithms
gt I1BIS ECL &1k

Bob Ross fififg FAt
Asian IBIS Summit EYH IBIS F AR T4
Shenzhen, CHINA FE I
December 6, 2005 2005 12H6H

TERASPEED

Page | © 2002-2005 Teraspeed Consulting Group LLC CONSULTING
GROUP

Content
S

* 2-Waveform Algorithm Overview
2- {5 P HIEME

* ECL 2-Waveform Algorithm
ECL 2- [ SR HIE

ﬁh

IBIS
w

TERASPEED

Page 2 © 2002-2005 Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 124 of 128




2-Waveform K(t) Algorithm

2- f5 5 K(t) Hik

i Vdie(t)
Ku(t)*Tu(V Ipc(V)
L dut R dut |L fixtuy
V(t Idie(t
:E (0) ie(t) AN AA/
— — \
1(t) \
Kd(t)*1d(V Ige(V) C_comp C dut C_fixture
—T
l GND GND GND

Kd(t)ld(V,) + Ku(t)lu(V,) = - 1,(t)
Kd(t)ld(V,) + Ku(t)lu(V,) = - 1,(t)

Recommended: #7F

OO = %
50 Q to Gnd
TERASPEED
Page 3 © 2002-2005 Teraspeed Consulting Group LLC CONSULTING
GROUP
Example I-V Data
M2,
15 1-V H3E
006 7=
e
[Pulldown] (\\\/\\ —_50Qto Ve
B — > -
50QtoGnd| T~ —__ [Pullup]
-0.06 ‘ =
0 1 2 3

Kd()ld(V,) + Ku(t)lu(V,) = - 1,(t)
Kd(t)Id(V,) + Ku(t)lu(V,) = - L,(t)

K(t) solution exists
for fixture V

K(t) HHETAE

THRASPEED

Page 4 © 2002-2005 Teraspeed Consulti
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Example V-T, K(t)
BIF V-T, K(t)

« check 2 wavefarm rising calibration
98/10/09 06:53:21

3.0 ) ) — i ) T chkZr el
: .'/ . .
N 7 V,(t), response V,(t),
- -‘_/
oL/ Vi) response V(t), RN 4
t - ' /. ; : pin2
y y
! o
1.0 T R e
. " )
- Kd(Y) S K
SO0, ml— SN g N T FER R
J. - {‘...I;.rr by 1 1 O.r\l-\ L 1 1 O.E:rll- 1 1 1 J-“II “I-
o, time (lin) 3.0n
TERASPEED
Page 5 © 2002-2005 Teraspeed Consulting Group LLC CONSULTING
GROUP

ECL 2-Waveform Data
ECL 2- f S 3L KR

0.01 \ -0.8
Lo -LTV -0V

0083 o ol 2
P o E 3
~ 7 -3
0014 o S s :
~ -1.
002 A N :
-0.03 - \\ .\\..
N 0N 16

-0.04 | \ \ / _2

<<

005 \'.. . 18 . 3z
-0.06 / / b 20
[Pulidown] * [Pullup] l 0 0.E+00 5E-10 1E-09 Z.E-Oy
ECL I-V Data ECL V-T Data
50 Q loads R_fixure =50 Q

V_fixture=-2V, -3V

Example 7|7 B

TERASPEED

Page 6 © 2002-2005 Teraspeed Consulting Group LLC CONSULTING
GROUP
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0-1-0C
0-

alculation Errors

1-0 THHE AR

-0.8
-1.0

-0.8 -0.8
— —
-1.0 1.0 ( \
-1.2 1 -12
T —T
-1.4 4 -14 %// \\\
-1.6 1 -1
Wrong
L
18 \_\_] 181 Volts
.0/  Accurate NM—— A R
: y H bR D
22 {Em . -2.2 I [~
0.E+00 1.E-09 2.E-09 3.E-09 4.E-09 0.E+00 1.E-09 2.E-09 3.E-09 4.E-09
-0.8

/ j

B/

B/ \\

R |

1.2
Wrong | '*] - Wrong
Shape '1< \ *%’H_ Shape
/’ 18 !

/g

2.0

\&_);: R

22 2 22 : 3 : :
0E+00  1E-09 2E09 3E09  4E-09 0E+00  1E-09 2E-09 3E-09 4E-09 | TERASPEED
Page 7 © 2002-2005 Teraspeed Consulting Group LLC CONSULTING

GROUP

ECL K(t) Solution Fails

ECL

ov

1

K(t) HiERK

Kd()ld(V,) + Ku(t)lu(V,) = I,(t)
Kd()Id(V,) + Ku(t)lu(V,) = I,(t)

Kd(t) | 1d(v) lu(V)

Ku(t)

R_fixture =50 Q

® N\ °

N / ~

0.02 > A
~
0.03 > N
0.04 1d(V) N BN
/ RS
0.05 / / <
~

0.06

h
V,(t), 1,(t) V_fixture =-2V
V, (), 1,(t) V_fixture = -3 V

K(t) solution fails for
V values if Id(V) =0

K(t) FERM B

TERASPEED

Page 8 \4 © 2002-2005 Teraspeed ConsuTting Group LLC CONSULTING

GROUP
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ECL M(t) Solution Exists
ECL M(t) HiET4E

Md(t)Vd(l,) + Mu(t)Vu(l,) = V,(t)

ov Md(t)Vd(l,) + Mu(t)Vu(l,) = V,(t)
Md(t) | vd(l) Vu(l) | Mu(t)
R_fixture = 50 Q
| | — AN

001 N h

000 4. L . V, (1), 1,(t) V_fixture = -2V
| 0; N /\\\ / V,(t), 1,(¢) V_fixture =-3 V

o3 \\\ \z\\\ . N

’ o s M(t) solution exists
a5 Vd(l)/ / N, for | values of Vd(l) B
: : - - M(t) ﬁﬁilﬂ_ﬁ TERASPEED

Page 9 © 2002-2005 Terasp! SNsuTtNg Group LLC CONSULTING

GROUP

ECL Improvement
ECL %55

* Process yupy
— Transform [Pullup], [Pulldown] data

254 [Pullup], [Pulldown] %t#E
e From |-V M-V
« ToV-ldata 5F V-1 3
— Solve for Mu(t), Md(t)
BRI Mu(t), Md(t)
 Advantages Gf4b
— Supports 2-waveform analysis
XHF 2- RSB
— Avoids adjustments

PN E

Page 10 © 2002-2005 Teraspeed Consulting Group LLC

TERASPEED
CONSULTING
GROUP
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