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WELCOME FROM RANDY WOLFF, IBIS OPEN FORUM

Ladies and Gentlemen,

As chair of the IBIS Open Forum it is my pleasure to welcome you to the 2019
Asian IBIS Summit in Tokyo and to thank you for your presentations and
participation. This is our 14™ Summit with Japan Electronics and Information
Technology Industries Association (JEITA) since 2006. We are grateful to our
sponsors JEITA, IBIS Open Forum, ANSYS, Apollo Giken Co., Keysight
Technologies, Ricoh, Toshiba Corporation, and Zuken, for making this event
possible.

Since 1993, IBIS has provided the digital electronics industry with specifications
to make signal, timing, and power integrity analyses much easier and faster. With
the introduction of IBIS-AMI in 2008, the IBIS community generated new energy
for high speed electronic design. IBIS is now known by engineers worldwide and
Is a required technology for many applications. IBIS Version 7.0 was released in
2019, adding enhancements for IBIS-AMI and supporting advanced interconnect
modeling.

Support for IBIS in Asia has been strong, and the IBIS Open Forum looks forward
to continued innovation and contributions from technology companies in Asia.

Thank you!

-

7
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j"/ﬁ"’j / / £

Randy Wolff
Micron Technology
Chair, IBIS Open Forum
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WELCOME FROM JEITA/EC CENTER IBIS SPECIALITY COMMITTEE
Ladies and Gentlemen,
Thank you for joining us at the Asian IBIS Summit (TOKYO) again this year.

Since the establishment of the EDA Standard WG in 2004, and then the IBIS Promoting
WG, we are today the EDA Model Specialty Committee. We are very happy to have
supported the holding of the Summit by the IBIS Open Forum in Japan for 14 editions.

The EDA Model Specialty Committee works under the JEITA/EC Center for the purpose
of improving utilization technologies for the EDA Model, including the IBIS Model, and
promoting their distribution. These models and their specifications will be continually
revised with the advent of new technologies and will also become more and more
complex. Considering this situation, we will work to continue broadly providing
information to all users of the EDA Model.

The Summit offers a platform to present information on new IBIS specifications. It is
also a platform to discuss and exchange views with the IBIS Open Forum. | hope
everyone here today will make the most of this opportunity.

Finally, we are putting out a broad invitation to anyone who is interested in working
together with us on committee activities of the EDA Model Specialty Committee. If you
are interested in joining the committee, please contact us. We hope to hear from you.

November 8, 2019

JEITA/EC Center

EDA Model Specialty Committee
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ECALGA

2019 Asian IBIS Summit (TOKYO)
MEETING WELCOMES

November 8, 2019

Satoshi Nakamizo hilk {t

mailto:edamodel@keysight.com mailto:edamodel@keysight.com

EDA Model Specialty Committee EDAETILEMERS
EC.JE:ITA
CENTER

EC Center / JEITA ECt>%— / JEITA
ECALGA

1 All Rights Reserved, Copyright © 2019 JEITA

About JEITA EDA Model Specialty Committee (EDAEFLEMBRKI=DLIT)

e EDA Model Specialty Committee started in May 2017.
(2017FE5AMNLEDAETILVEMEZEER L LTHRELFE L . )

e We work under the JEITA/EC Center for the purpose of improving utilization
technologies for the EDA Model, including the IBIS Model, and promoting their

distribution.
(IBISET IV ZHD & LI-EDAETILDERRBORLE ., FEDREZBMIZIEITA/ECE V2 —D T TEY
LTWET, )
2017
EDA Model

2014 ® Specialty Committee

® B1S Promoting

2004 Working Group
° EDA Standard
Working Group

2 All Rights Reserved, Copyright © 2019 JEITA
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Current status of the EDA models and our objective (EDAEFL OB EERSDERE )

e EDA models and their specifications will be continually revised with the advent

of new technologies and will also become more and more complex.
(EDAETILIEH L DT O ZIZITHEN, ZOSERNRL EHETEN, BHLEO—FEZLE>TVAREEIHYET . )

e Considering this situation, we will work to continue broadly providing

information to all users of the EDA Model.
(CORREHFEAZ, EDAETILDOLI—HFICHFTTCSEIBLSBERZREL THELNEEITVET, )

"r'\/
TR

3 All Rights Reserved, Copyright © 2019 JEITA

About Asian IBIS Summit (Asian IBIS Summiti=2L\T)

e The Summit offers a platform to present information on new IBIS specifications.

It is also a platform to discuss and exchange views with the IBIS Open Forum.
(Y2 FEFLWIBISOEHRDIFEHREEDIHETH S &I,
IBIS Open ForuméF 4 RAhviay - ERXBAHESBTEHYET, )

e We hope everyone here today will make the most of this opportunity.
(TO. CORKEFRALTTEL, )

é.f/ == 2019 Asian IBIS Summit (JAPAN) Sponsors
_
JIBIS EBEL swwensc avesor
JEITA | RICOH TOSHIBA ZUKEN
ECEENTER

4 All Rights Reserved, Copyright © 2019 JEITA
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END

ECALGA

Electronic Commerce ALliance for
Global business Activity

5 All Rights Reserved, Copyright © 2019 JEITA EC \LG\

Page 9 of 104



Asian IBIS Summit 2019, Tokyo, Japan

Page 10 of 104



Asian IBIS Summit 2019, Tokyo, Japan

Introduction of JEITA EC Center

Presented by Satoshi Nakamizo, Keysight Technologies
Asian IBIS Summit, Tokyo Japan
November 8, 2019

Japan Electronics and Information Technology Industries Association
EC Center Steering Committee

1 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

1. About JEITA
1-1. Overview of JEITA (1/2)

What is JEITA ?

The objective of the Japan Electronics and Information Technology Industries Association
(JEITA) is to promote the healthy manufacturing, international trade and consumption of
electronics products and components in order to contribute to the overall development of the
electronics and information technology (IT) industries, and thereby further Japan's economic
development and cultural prosperity.

The world is now connected via the Internet, and electronics technologies and IT have become
widespread everywhere. With the evolution of electronics and progress of IT, technologies in
information, communications, imaging and audio are converging to create new systems and
products, which are bringing enormous changes that go beyond conventional frameworks, not
only in our economic society, but also in our lives and culture.

JEITA's mission is to foster a digital network society for the 21st century, in which IT
advancement brings fulfillment and a higher quality of life to everyone.

The Association is also actively promoting environmental preservation countermeasures,
including those to combat global warming.

About JEITA (https://www.jeita.or.jp/english/about/what/index.htm)

2 AllRights Reserved, Copyright® 2019 JEITA ECALGA
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1. About JEITA
1-1. Overview of JEITA (2/2)

What is EC Center ?

The JEITA/EC Center standardizes terms, and the types of information relating to trading, and
maintains controls to make it possible electronically to exchange between companies, and to
reuse trading information and technical information regarding electronic devices, and
semiconductor and electronic components. Also, JEITA and the EC Center are involved in
the following that relate to the popularization and promotion of electronic commercial trading.

Overview of Work

1. Study and embody strategic EC issues for the IT and electronics industries

2. Expand and maintain standards for EC-related information

3. Study and expand practical EC applications

4. Implement information exchanges with domestic and international organizations and associations;
international collaboration and survey research

ECALGA
The name of the enterprise for attaining those goals, and the name of the standard are
either ECALGA, or the ECALGA enterprise.

3 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

1. About JEITA
1-2. JEITA member Company

« JEITA member companies:
— Total 382 (Full member 337, Associate member 45) as of Oct 23, 2019

*JEITA members (https://www.jeita.or.jp/cgi-bin/member/list.cgi?l=en&k=0)

4 AllRights Reserved, Copyright® 2019 JEITA ECALGA
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1. About JEITA

1-3. JEITA Organization and EC Center Operational Organization (1/2)

Japan Electronics and | Board of Directors

Information Technology
Industries Association

Sector-specific Boards
Information Technology and Industrial System
Board

AVC Board

Semiconductor Board

Electronic Components Board

Display Devices Board

Overseas Offices

Brussels Office

Washington D.C. Office

Offi

«
=
@

5 All Rights Reserved, Copyright © 2019 JEITA

1. About JEITA

]

Policy Planning Committee |

Policy and Strategy Board |

Issue-specific Boards and Committees
Advanced Mobility System Board

Healthcare Inustries Board
Smart Home Board

Design Commitee

Trade Policy and International Cooperation Board

Legal and Intellectual Property Rights Board

Technical Strategy Steering Board
Environmental Steering Board

Standardization Policy Board

Product Safety Steering Board

Inter-business EC Steering Board
(EC Center)

*

1-3. JEITA Organization and EC Center Operational Organization (2/2)

Organization of JEITA EC Center

Inter-business EC Steering

Board (EC Center) Committee

Planning Steering
Subcommittee

International and
Cross-industry

Task Force

Supply Chain

6 All Rights Reserved, Copyright © 2019 JEITA
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Management Committee

Standardization

Management Committee

Information Technology
Committee

Technical Committee of

Business Relations
Standardization Committee

EDA Model Specialty Committee
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2. Introduction of JEITA EC Center Activity

2-1. Enhancement and maintenance of ECALGA - Scope of business processes -

» Cover all operation processes (from product development to sales/purchase orders, and
payment) concerning transactions between companies Expand overseas transactions
models to meet user company needs. (Overseas quotation operations added in 2017)
JEITA business model summary diagram
Y
Buyer Product planning, B "
In-house operation design, and Tﬁ‘j;‘:gsza;gl‘::;t?;: ) Orders ceptance and storage Production S:;"zac:;“:rlniﬁ )
process development P 9
A. Searching and 8. Checking fransaction | | . Production plan and || D. Adjusting and £ Shipping and || F. Billing payments || G. Quality control
checking transaction onditions orders ng defivery acceptance
details « Individual estimates ||+ Product production « Befler shipping ||+ Accounts payable ||+ Goods arrival damage
« Check product {new and revised) plan « Buyer delivery and receivable notification
development roadmap | + Ongoing estimates + Component forecasts + Field damage notification
+ Check parts. {new and revised) « Consignment . g « Process, materials,
development roadmap warehouse storage + Pay processing methods, and
+ Present and check new plans colflection personnel change
parts + Request samples management notification
« Present and check + Advance orders . y
q components + Confirmed orders : . || Consignment
Operation | FSt components e warshouse
process catalog o managsment
(W |+ Specify components for
companies |l -
+ Change specifications Consignment warehouse
« Check environmental natification
information Export packagi
« Bundle products = H. Supply transactions Consignment standard delivery system
« Bundle components « Supply plans + Shipping notice and J label issuance
* Request samples « Supply results « Scheduled incoming consignment
+ Technology estimate + Product receipt and inspection + Incoming consignment results
< « Product storage management + Shipping consignment results
Sub]ect of overseas « Product accounts payable and invoicing « Training
trading mode H H H
Seller Component planning, q " \,‘
Bonarg ) Siererio )i Mmumas ) gy, psmesrod
process development P 9 8

ts Reserved, Copyright © 2019 JEITA EC\LG\

2. Introduction of JEITA EC Center Activity
2-1. Enhancement and maintenance of ECALGA - Transition of users -

« Total number: 27,266 codes
Assigned codes by EC Center: 13,891 codes (Approximately 51%)

« The Universal Company Codes are substantially popularized in Japanese IT and
electronics industries

« A scope of ECALGA will expand in terms of business processes and global business
in the future

Number of Companies That Have Obtained Codes
the number of codes

30,000
E0EC Center ==the total number of company codes
25,000 the nusber of EC Center 13,891
the total number of company codes 27,266

20,000

/

10,000 / = -

5,000 I I I I I

8 All Rights Reserved, Copyright © 2019 JEITA ECMG\
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2. Introduction of JEITA EC Center Activity

2-2. Cooperating with International standardization organization

+ JEITA liaises with international standards bodies and cooperates in
establishing international standards.

PO
&%
$ eCl@ss =oIFicE
Bl
- IEC
» IEC61360-4(CDD: Common Data Dictionary) and ECALS dictionary content
supply
— eCl@ss

» For cooperation on the d-m@p PJ (a mapping project for IEC and eCl@ss
dictionaries)

— EDIFICE
» Review and inspection of Electronic Component Package label international
standards (IEC 62090)

9 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

2. Introduction of JEITA EC Center Activity

2-3. Research and analysis of next generation B2B integration

» Regularly implement surveys on advanced loT examples and advanced
effort examples, to spot the first shoots for the next standardization with
coordination between companies.

# Themes Survey description
1 | FY 2015 technological and | Survey of global (Germany, USA, China, Japan) loT
industry trends trends and technology trends within industries
2 | Blockchain technology Survey blockchain technology, explore use in
coordination between companies
3 | Industry 4.0 and loT Survey examples of individual companies in
examples Industry 4.0 and the loT, centering on the

automobile industry

4 | FY 2018 technological and | Update of #1 FY 2015 Technological and Industry
industry trends Trend Survey

10 Al Rights Reserved, Copyright © 2019 JEITA ECALGA
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ECALGA

11 All Rights Reserved, Copyright © 2019 JEITA
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JEITA ECt> 42—

Presented by Satoshi Nakamizo, Keysight Technologies
Asian IBIS Summit, Tokyo Japan

2019411HA8H

Japan Electronics and Information Technology Industries Association
ECtr A—TE#E

1 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

1. JEITAIZDWNT
1-1. JEITABEE (1/2)

JEITALIX?

JEITAlZ, BF#E. EFBRORELCEE. BHRTHEOEEEZRSLITLY ., EFIEHRE

Iﬁﬁiﬂ%@ﬁﬁﬁﬂ@ﬁ%@l:ﬁb OAERFORBEXCOEBEICESETHILEEMEL-ERH
—G =]

R, HRADA 22—V EN LTS TEY., ILIMAZIABM R UITEH LD HECS
[CERLTWEY, TLIMOZIXDELEITOESIZHEND, FHR-BE BE-TEORMASRME
L. B AT LOBERAEA HEN, EFH BT TR BADEFOXLITET, k0
HMATHEA TRELELELLLTVET,

JEITADZY avid, TOEHICK>THOPDARICHERELIEEZNEDENE21HIEDTY
BIFIRT—OHEEERTIHETT, T, SHRIE. HEEBEHNELE  RERESXELE
BRYICHEEL TLVET,

About JEITA (https://www.jeita.or.jp/english/about/what/index.htm)

2 AllRights Reserved, Copyright® 2019 JEITA ECALGA
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1. JEITAIZDW\T
1-1. JEITAEE (2/2)

JEITAECtE S—(F, BFHHHLUFBE - EFHRZFOHEIGIFRS SV KITERELER
TEFXM BERNTRELGDSLD, A WEIICRELIEHROEE - KR ZRE L LESEEE
ToTVEY, Fz. TOMEFERSIOER -REICETIUTOERETO>TVET,

BERNE
1IT-ILIMO =S RERIZHITHECHIEREEDNRFIB LU ERKL
2. ECERIBRICEIT DIZHEDILFT LHEF
3.ECERDREFMUIZHE
4. ERNERERSLUEREOERZTR. BRHRS L VRAERE

ECALGA
LD BMEERT 50 DEEDBHELVREDHRMEECALGAEIFECALGAE R LM
Lij‘o

3 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

1. JEITAIZDU\T
1-2. JEITAZE %

.- JEITAR 1 %:
— A3t 382 (ELE 337, MR A 45) 2019410 523 B A

*& B—% (https/www.jeita.or.jp/cgi-bin/member/list.cgi)

4 AllRights Reserved, Copyright® 2019 JEITA ECALGA
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1. JEITAIZDLNT

1-3. JEITAQ R R WECEL 24— HEE K (1/2)

Japan Electronics and | Board of Directors |
Information Technology
Industries Association

Policy Planning Committee |

]

Policy and Strategy Board |

Sector-specific Boards Issue-specific Boards and Committees

Information Technology and Industrial System Advanced Mobility System Board
Board
Healthcare Inustries Board
Smart Home Board
Semiconductor Board Design Commitee
Electronic Components Board Trade Policy and International Cooperation Board

Legal and Intellectual Property Rights Board
Display Devices Board

Technical Strategy Steering Board

Overseas Offices ) )
Environmental Steering Board
Brussels Office
Standardization Policy Board
Washington D.C. Office Product Safety Steering Board
. Inter-business EC Steering Bo.
Beijing Office (EC Center) 9

All Rights Reserved, Copyright © 2019 JEITA

1. JEITAIZDU\T
1-3. JEITAO &K K VECt 2—HEE RS (2/2)

Organization of JEITA EC Center

Technical Committee of
Standardization

Standardization
Committee

Inter-business EC Steering
Board (EC Center)

Business Relations
Standardization Committee

Planning Steering
Subcommittee

Engineering Chain
Management Committee

EDA Model Specialty Committee
International and
Cross-industry

Task Force

Supply Chain
Management Committee

Information Technology
Committee

All Rights Reserved, Copyright © 2019 JEITA ECALGA
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2. JEITA ECtVA—EEIES

2-1. ECLAGAD LR B UM - £%5 705 -

s TEMEGICEAHIZLER IO R (WAHENLZH T, TIWLWET)EH
N—  A—HREDODEZ(ZGZ T, BOVEEIETIVENLK, (2017 (ZEH
RBEZEH%EMm)

JEITAED A RAETILEFBER

sxn v LB max . o aEEE
HROEBTOLR W% >-nas)\.;-u;gﬁ ) EBE > B — EBEE |
A MENEORE | B BEAHOR | C £EHELE |D WHEB: EHELE | FRkzd |G eHEE
HED 2 i mE A
CHEMRO—F | EMREGUE | - HSEEHE | -eUEZ - Srsws - Baisse |oseeEms
< THE &) CHAFEHE |- MUEE - RIEAE | B - S — LKA
c@AMEO—F |-eSRRen | EREEERH |- WAER  -RE emk |- Tmoaw mIs
< THE &) E -FHEES B xHheEnE | & ARZERM
- BRI Sy TLER  |oExgkEme - ER =
- BRI - FHEX EEEE | RRBA
- BBHAD TR - EEEX EEEHRR - FHARE
- HEERRE B2 B
R RIEEEAN A SRR R RT
e HtiEs H. X&) CRREABEISALER
enyipany - XHHE CAYAAVAEFE
BT ER - XOEME s ALY LA AERER
rmn - ZHRBRLBI S I AA R
i - XSRBEEEE - B
BARGIEFLOHR TBREERA i |

ZixE R LERE ERHE . \ ] BEEYA—r
HADEBTAER NTrY > it ) BE SELER B mEEE )

7 All Rights Reserved, Copyright © 2019 JEITA

2. JEITA ECtV4—EH#BN
2-1. ECLAGADYLEIR R U - 1—v—Hn# -

- &%t: 27,2664 20184E6 AR M
HRECt>4—: 13,8914 (#151%)

s Hi—XI—FIZ, BREADIT-IL A= JARATIXEERLTINS,

-SRI, RBER/EOLK., /O—/L~ORAZAES.

Number of Companies That Have Obtained Codes
the number of codes

30,000

E0EC Center ==the total number of company codes

8 All Rights Reserved, Copyright © 2019 JEITA ECMG\
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2. JEITA ECtVA—EEIES

2-2. BRI LA LDEHE
« JEITAIZERZELRKRSEEL, B ZEDEKRTEICITH N,

¥ Y
$ eCl@ss =Irice

- IEC
+ |EC61360-4(CDD: Common Data Dictionary) * ECALSEEZa T ViRl

— eCl@ss
+ d-m@p PJ(IECLeCI@ssDEETYEL Y TOADIIN) ~ADHA

— EDIFICE
+ Electronic Component Package label EBF1Z#(IEC 62090)D R & LT

9 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

2. JEITA ECt>2—E##BN

2-3. Rt XMEHEDRE 125

c EEREEEDRDBELCDHFERBH D=8, loTHEEEH O ERLTEHE
EHIDHEEEHHICERE.

# TV HERE
1 | 20155EETH/0C— 2R | Fa—/L(FqY-XE-HE-BX) DoTHEALE
(NN EROHEMEBRORE
2 | Blockchain# it Blockchain}i fiTMEFAE R ERA D EREREICH T
ZiEARE
3 | Industri4.0- loT=45] BEiEE R %0 ICIndustried.0- loTDE#L E 4% 5
ey
4 | 2018FEETH/O0—-£R8 | [#1. 2015&FEETH/QC— (RN URARIOTY
LUK FF—k
10 Al Rights Reserved, Copyright © 2019 JEITA ECALGA

Page 21 of 104



Asian IBIS Summit 2019, Tokyo, Japan

ECALGA

11 All Rights Reserved, Copyright © 2019 JEITA

Page 22 of 104



Asian IBIS Summit 2019, Tokyo, Japan

IBIS Chair’s Report

Randy Wolff
Micron Technology
Chair, IBIS Open Forum
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http://www.ibis.org/ November 8, 2019

2019 Asian IBIS Summits - IBIS Chair's Report 1

26 IBIS Members

\NSYSH F\ oeroapcom  cadence’ afealn
h . T CISCO
s easyaur  Eriesson  © - Google é"é

HUAWE!

IBM (Infineon it ( i@ AN KEVSIGHT

maxim  Menor }{ Ancron 1\ SiSoff

Qs Soesys Jam@ $IXILNX ZTE

ZUKEN

Number of Members by Year

2019 Asian IBIS Summits - IBIS Chair's Report 2

-
©°
©
@
N
©°
©
o
N
©°
©
<
i
©°
©
3
N
©°
©
©
~
=3
<3
S
~
=3
=]
=3
~
=3
S
S
~
=3
=1
@
~
8
=
~
=3
=]
@
~
=3
=3
&
~
=3
<]
<
~
=3
S
&
~
=3
=3
©
~
=]
2
o
~
=]
2
=y
N
=]
=4
~
~
=3
2
@
~
=3
2
=
~
=3
2
@
~
=3
2
o
~
=3
2
~
~
=3
2
o
~
=3
2
©

Page 23 of 104




Asian IBIS Summit 2019, Tokyo, Japan

IBIS Officers 2019-2020

Chair: Randy Wolff, Micron Technology
Vice-Chair:  Lance Wang, Zuken USA .

Secretary: Curtis Clark, ANSYS .
Treasurer:  Bob Ross, Teraspeed Labs \ \ f /
Librarian: Anders Ekholm, Ericsson

Postmaster: Mike LaBonte, SiSoft (MathWorks)

Webmaster: Steve Parker, GlobalFoundries

2019 Asian IBIS Summits - IBIS Chair's Report

IBIS Meetings

* Weekly teleconferences
— Quality Task Group (Tuesdays)
— Advanced Technology Modeling Task Group (Tuesdays)
— Interconnect Task Group (Wednesdays)
— Editorial Task Group (some Fridays)
 IBIS Open Forum teleconference every 3 weeks
— 502 meetings so far

* IBIS Summit meetings: DesignCon, IEEE SPI,
Shanghai, Taipei, Tokyo

2019 Asian IBIS Summits - IBIS Chair's Report 4
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SAE ITC

SAE Industry Technologies Consortia is the
parent organization of the IBIS Open Forum

IBIS is assisted by SAE employees José Godoy,
Phyllis Gross, Laurie Strom

SAE ITC provides financial, legal, and other
services

http://www.sae-itc.org/ SAEI

An SAE International Affiliate

®

2019 Asian IBIS Summits - IBIS Chair's Report

Task Groups

Interconnect Task Group

— Chair: Michael Mirmak, Intel

—  http://ibis.org/interconn_wip/

— Develop on-die/package/module/connector interconnect modeling BIRDs
Advanced Technology Modeling Task Group

— Chair: Arpad Muranyi, Mentor, A Siemens Business

—  http://ibis.org/atm_wip/

— Develop most other technical BIRDs
Quality Task Group

— Chair: Mike LaBonte, SiSoft (MathWorks)

—  http://ibis.org/quality wip/

— Oversee IBISCHK parser testing and development
Editorial Task Group

— Chair: Michael Mirmak, Intel

—  http://ibis.org/editorial_wip/

— Produce IBIS Specification documents

2019 Asian IBIS Summits - IBIS Chair's Report
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IBIS Milestones

1/0 Buffer Information Specification Other Work
1993-1994 IBIS 1.0-2.1: * 1995: ANSI/EIA-656
— Behavioral buffer model (fast simulation) — IBIS2.1
— Component pin map (easy EDA import) e 1999: ANSI/EIA-656-A
1997-1999 IBIS 3.0-3.2: — IBIS3.2
— Package models e 2001:1EC 62014-1
— Electrical Board Description (EBD) — IBIS3.2
— Dynamic buffers e 2003:ICM 1.0
2002-2006 IBIS 4.0-4.2: — Interconnect Model Specification
— Receiver models * 2006: ANSI/EIA-656-B
— AMS languages — IBIS4.2
2007-2012 1BIS 5.0-5.1: «  2009: Touchstone 2.0

— IBIS-AMI SerDes models

— Power aware
2013-20151BIS 6.0-6.1:

— PAM4 multi-level signaling

— Power delivery package models
20191BIS 7.0:

— Back-channel support

— Interconnect modeling using IBIS-ISS and
Touchstone

e 2011:1IBIS-ISS 1.0
— Interconnect SPICE Subcircuit specification

2019 Asian IBIS Summits - IBIS Chair's Report 7

Open Forum Meetings after Previous Release

85

IBIS Version Development

(-2}
®©
4

[
P

w
B

[
~N
t

IBIS 7.0 5
iy r’\e;tifie:
New! é/
15, 2019
iszo IBIS s
32
©
$
2
1
0
2 21 3 3.1 3.2 4 4.1 4.2 5 5.1 6 6.1 7
IBIS Version
2019 Asian IBIS Summits - IBIS Chair's Report 8
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IBISCHK7 Version 7.0.0

» Executables available at www.ibis.org/ibischk7/

— Interconnect Model syntax
— Subdirectory references

— Bus_label definitions

— Etc.

e Contact treasurer@ibis.org for Source Code License
purchase ($3,000)

2019 Asian IBIS Summits - IBIS Chair's Report 9

Beyond IBIS 7.0

* Currently 5 BIRDs in discussion
— 2 about redriver flow (BIRD166.4, BIRD190)
— 1 editorial (BIRD181.1)
— 1 to support single-ended IBIS-AMI (BIRD197.4)
— 1 for on-die PDN modeling (BIRD198)
* EBD update supporting IBIS-ISS and Touchstone
— Improved module and multi-chip package modeling
* BIRD200 approved: C_comp model supporting IBIS-ISS and
Touchstone
* BIRD195.1 approved: [Rgnd] and [Rpower] for IBIS-AMI
Input models
* What other new ideas do you have for IBIS?

2019 Asian IBIS Summits - IBIS Chair's Report 10
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What Else Could IBIS Be Used For?

* |IBIS is nominally about I/O buffers, used to:

— Solve signal quality problems like loss, inter-symbol interference
(I1SI) and crosstalk

— Generate waveforms used in timing analysis
* But engineers also:

— Insure proper timing between pins
Insure sufficient power distribution
Include optical links in analyses

Analyze channel operating margin (COM), forward error
correction (FEC), etc.

Comply with any other new requirements posed by JEDEC, etc.

* What other data might IBIS formats convey?

2019 Asian IBIS Summits - IBIS Chair's Report 11

New Directions for IBIS?

 |IBIS VRM models o ont-
* IBIS chip power models
 |BIS timing models

* IBIS waveform analysis language

 Data probability distributions
(or at least more than 3 corners) .

* |BIS-ISS [Test Load], external [Test Data] '

e Optical Model_type(s) for
Vertical Cavity Surface Emitting Laser (VCSEL), etc.

2019 Asian IBIS Summits - IBIS Chair's Report 12
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Submitting Your Idea — BIRD Process

BIRD — Buffer Issue Resolution Document

— Official method for submitting a proposed change to
the IBIS specification

BIRD Template found on IBIS website

— Standardized method to describe your idea
Submit BIRD to chair@ibis.org

BIRDs discussed in Open Forum meetings
— Eventual vote by members for approval
Idea not ready for an official BIRD?

— Join an IBIS Task Group meeting for technical
discussion

2019 Asian IBIS Summits - IBIS Chair's Report 13

BIRD Link on IBIS Website

Welcome to the IBIS Open Forum

-" . —
iBIs —_— -
ﬁ 2019 IBIS Touchstone Survey Report : Touchstons Survey

Upcoming Events [ /3l IBIS Version 7.0 has been ratified : IBIS 7.0
Past Summits
Our Specifications
Open Forum =
Minutes 1/0 Buffer Information Specification (IBIS 7.0) <= (SAE/EIA-STD-656-B) (IEC-62014-1)
Regional Forums = =,
China Lk (ICM 1.1) =/ (SAE/GEIA.STD.0001)
Task Groups -
ATM P 1BIS SPICE (IBIS-ISS 1.0) <~
ﬁltl:::gnnm Tc File Format i (Touchstone 2.0) P
Editorial
Members Our Members
Roster
Specifications
BIRDs
Models

Link to BIRDs webpage

2019 Asian IBIS Summits - IBIS Chair's Report 14
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BIRD Template Link on the BIRD

| To submit a BIRD to the IBIS Open Forum, piease use

Webpage

Buffer Issue Resolution Documents (BIRD)

2019 Asian IBIS Summits - IBIS Chair's Report

Date Date
m# Tssue Title Requester S Pl s
200 |C_comp Model Using IBIS-ISS or |Randy Wolff, Micron Technology, Inc. Walter Karz, Signal Integrity Software, Inc [fuly 9, 2019 September 27,
Touchstone 2019
199 ||Fux Bx_Recerver Sensitiviny; [Arpad Muranys, Mentor a Siemens Business [March 19, 2019 Tune 7, 2019
198 |[Kexavord additions for On Dic PDN]|[Kazuki Murata, Ricoh Co,, Ltd.; Miyoke Goto, Ricoh Co., Lid,; Razuyuki Sakata, Renesas _|[Mazch 11, 2019
(Power Di Network) |[Electronics Corporation; Kazunori Yamada; Renesas Electronics Corporation; Kouji Ichikawa:
Maodeling Denso Corporation: Atsushi Tomishima: Toshiba Electronic Devices & Storage Corporation:
Takashi Hasegawa; Sony LSI Design Inc ; Koichi Seko, Panasonic Industrial Devices Systems
land Technology Co., Ltd.; Toshiki Kanameto; Hisosaki University Megumi Ono; Socionext Inc
197 4|[New AMI Reserved Parameters || Walter Katz, S1Soft, Ambrish Varma, Cadence Design Systems, Randy Wolff, Micron [November 27, 2018,
DC_Offset and NRZ_Threshold | Technology, Justin Bunerfield, Micron Technology, Fangyi Rao, Keysight Technologies [December 4, 2018, January
5, 2019, June 25, 2019,
ruly 23, 2019
196.1||Prohubit Periods at the End of File  [|Arpad Muranyi, Mentor Graphics, A Siemens Business [September 23, 2018, October 12, 2018 70
Cames October 12, 2018
1951 Enabling [Rgad] and [Rpower]  |[Michael Mirmak, Intel Corp [Tune 19, 2018, June 29, |[August 31, 2018
Kevvords for Input Model 2018

15

[Thank You]

IBIS

2019 Asian IBIS Summits - IBIS Chair's Report

Open Forum:

Web: http://www.ibis.org
Email: ibis-info@freelists.org

We welcome participation
by all IBIS model makers,

EDA tool vendors, IBIS model
users, and interested parties.

16
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o)
FUJITSU

shaping tomorrow with you

Expectations for the new
package model specification of
IBIS 7.0

Masaki Kirinaka
mkirinaka@fujitsu.com
Akiko Tsukada
tsukada.akiko@fujitsu.com
FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Asian IBIS Summit
Tokyo, JAPAN
November 8, 2019

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Agenda FUJiTSU

O Introduction
O I1BIS 7.0 INTERCONNECT MODELING Outline
O Expectations for IBIS7.0 INTERCONNECT
MODELING
O Post-layout simulator issues when using
the IBIS 7.0 INTERCONNECT MODEL

O Summary
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Introduction

o)
FUJITSU

O In March this year, a new interconnect modeling specification

was released in IBIS 7.0.

O Therefore, this time, we predicted the superiority of this specification

in Sl analysis and Pl analysis by comparing with the conventional model.
O It also describes the predicted post-layout simulator issues

when using the IBIS 7.0 INTERCONNECT MODEL.

IBIS

(I/O Buffer Information Specification)
Version 7.0

Rasfad Masch 15,2019

© IBI5 Opem Foru 2018

3 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

IBIS 7.0 INTERCONNECT MODELING Outline

QO
FUJITSU

O IBIS 7.0 INTERCONNECT MODELING is a new specification for package modeling.

| SIGNAL modeling part |

Buffers

(at Wirebonds)

/ On-Die Interconnect
Pads

Aggressor_Only
Pins (at Solder Balls) (optional)

Figure 45 - Package and On-die Subsirate IO Paths

Model path1: (a)Buffer~Pad + (b)Pad~Pin
IBIS Keyword: (a)Buffer_I/O~Pad_I/O
(b)Pad_I/O~Pin_I/O

Model path2: (c)Buffer~Pin
IBIS Keyword: (c)Buffer_I/O~Pin_I/O

Refer to page 294-295 of ver7_0.pdf

‘ PDN modeling part ‘

Refer to page 294-295 of ver7_0.pdf
Die pads at
Wirebonds

PKG Substrate

circled in red

Fin (at Solder Ball)

On-Die Rail

Figure 46 - Package Substrate Rail Terminals

Model path1: (d)Buffer~Pad + (e)Pad~Pin

IBIS Keyword: (d) Buffer_Rail(Pullup_ref, Pulldown_ref)~Pad_Rail
(e)Pad_Rail~Pin_Rail

Model path2: (f)Buffer~Pin
IBIS Keyword: (f)Buffer_Rail(Pullup_ref, Pulldown_ref)~Pin_Rail

4 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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IBIS 7.0 INTERCONNECT MODELING Outline

O From single L,C,R value to IBIS-ISS or Touchstone.

Conventional package modeling

[Component] CPU

[Package]

| typ min max

R_pkg 400m 390m  450m

L pkg 1.90nH 1.40nH 2.20nH

C_pkg 0.40pF 0.30pF 0.80pF

|

[Pin] signal_name model_name R_pin L_pin C_pin
B7 DQ1 DQ 390m  1.4nH 0.47pF

|
[Package Model] FBGA_ 1000

The [Define Package Model] is
present in the .ibs file or the .pkg file.

o)
FUJITSU

/

[Define Package Model] FBGA_1000
[Number of Pins] 500

[Pin Numbers]
B7 | DQ1

[Inductance Matrix] Sparse_Matrix
|
[Row] B7

B7 1.4e-9
|

[Capacitance Matrix] Sparse_Matrix

|

[Row] B7

B7 0.47e-12
|

[Resistance Matrix] Sparse_Matrix

|
[Row] B7
B7 390e-3

5 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

IBIS 7.0 INTERCONNECT MODELING Outline

QO
FUJITSU

O IBIS 7.0 INTERCONNECT MODELING by IBIS-ISS (Spice)

.ibs file

[Component] CPU
[Interconnect Model Group] Full ISS_PDN_1
Full_ISS_PDN_1 NA

The [Interconnect Model Set] is
present in the .ibs file.
(May be provided as an .ims file.)

[End Interconnect Model Group] [Interconnect Model Set] Full ISS_PDN_1
[Pin] signal_name model_name R_pin L_pin C_pin [——
Al DOl DO [Interconnect Model] Full_ISS_buf_pin_1
Pl VDD POWER File_IBIS-ISS full_buf_pin_l.iss full_buf_pin
Gl VsS GND Number_of_terminals = 6
1 Pin_I/O pin_name Al | DQ1 DQ
2 Pin_Rail pin_name P1 | VDD POWER
PKG Mode| . 3 Pin_Rail pin_name Gl | VSS GND
ff . PlN Slde 4 Buffer_I/0 pin_name Al | DQ1 DQ
BU er Slde 5 2 | 5 Pullup_ref pin_name Al | DQ1 DQ
6 Pulldown_ref pin_name Al | DQ1 DQ
[End Interconnect Model]
— 4 1 — [End Interconnect Model Set]
[ B
file_type : FILE_IBIS-ISS (Spice)
file path and file name : full_buf_pin_1.iss
.subckt name : full_buf_pin
6 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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IBIS 7.0 INTERCONNECT MODELING Outline FUTI)TSU
O IBIS 7.0 INTERCONNECT MODELING by Touchstone (S-parameter)

bs file The [Interconnect Model Set] is
[Component ] cpu present in the .ibs file.

Interconnect Model Grou Full_ISS_PDN_1 . A .
;us Ny Pl B (May be provided as an .ims file.)

[End Interconnect Model Group]
[Pin] signal_name model_name R_pin L_pin C_pin [Interconnect Model Set] Al_TS
a1 Dol DO [
Pl VDD POWER [Interconnect Model] Al_TS_buf_pin
Gl vSs GND File_TS dg_ts_buf_pin.s2p
Number_of_terminals = 3
1 Pin_I/0O pin_name Al
PKG Model 2 Buffer_I/0 pin_name Al
Buffer side PIN sid 3 Pulldown_ref pin_name Al
siae [End Interconnect Model]
—(port)2 (port)‘]i [End Interconnect Model Set]
| 3
.
file_type : FILE_TS (Touchstone file, S-parameter)

file path and file name : dqg_ts_buf_pin.s2p

7 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

QO
FUJITSU

Expectations for IBIS7.0
INTERCONNECT MODELING

B Get a more accurate simulation waveform
m Package Crosstalk modeling
® Package PDN modeling

8 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Get a more accurate simulation waveform FUﬁTSU

Single Line
Package Model Bonding Wire

Solder Ball*™

Conventional| [Pin] signal_name model_name R_pin L_pin C_pin
IBIS model | A1l DQO DQ 712.75m 8.95nH  3.42pF
DDR4 DQ Topology
Simulator “A” Simulator “B”
Package
Lumped Circuit Model Distributed Circuit Model
. (W-element RLGC Model)

'
09
0
I
08
05
o

Simulator ”

Ssmmos )

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

9

Get a more accurate simulation waveform FUﬁTSU

IBIS 7.0 Touchstone

or IBIS-ISS Model —] [ Lumped Circuit Model

Distributed Circuit Model

Simulator “A” and “B”

Simulator “A” Simulator “B”
IBIS 7.0 Touchstone or IBIS-ISS

Lumped Circuit Model  Distributed Circuit Model

3 3 i Y More
! . VA '\ accurate
B ; A=

There is no difference due to simulator modeling, and
more accurate waveforms can be obtained.

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

10
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Package Crosstalk modeling rujirsu

Multi Line Package Model

Solder Ball

Conventional IBIS model
[Define Package Model] FBGA_PKG
[Manufacturer] FUJITSU

[OEM] FUJITSU |
[Description] [Row] A1
[Number of Pins] 3 A1 3.013e-09
| B1 0.0877e-09
[Pin Numbers] C1 0.0106e-09
A1 | DQO |
B1 | DQ1 [Row] B1
C1 | DQ2 B1  2.663e-09
| C1 0.0208e-09
[Model Data] |
| [Row] C1

C1 2.923e-09

[Inductance Matrix] Sparse_Matrix
[Capacitance Matrix] Sparse_Matrix

|

[Row] A1

A1 7.904e-12
B1 -527e-12
C1 -0.764e-12

|

[Row] B1

B1 7.484e-12
C1 -5.27e-12

|
[Row] C1
C1 3.144e-12

[Resistance Matrix] Sparse_Matrix
|

[Row] A1

A1 2.98e-01

|

[Row] B1

B1 254e-01

|

[Row] C1

C1 2.92e-01

|

[End Model Data]
[End Package Model]

1 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Package Crosstalk modeling rujitsu

Conventional IBIS model
[Define Package Model]

Simulator is not supported

Create SUBCKT by hand
Modeling with W element of IBIS-ISS

.SUBCKT PKG_XTALK_MODEL 135246
WpkgN=313502460RLGCMODEL=pkg_rlc I=1
.MODEL pkg_rlc W MODELTYPE=RLGC N=3
+ Lo=

+3.013e-9

+0.0877e-9 2.663e-9

+0.0106e-9 0.0208e-9 2.923e-9

+ Co=

+7.904e-12

+-5.27e-12  7.484e-12

+-0.764e-12 -5.27e-12 3.144e-12

+ Ro=

+0.298

+0 0.254

+0 0 0.292

.ENDS PKG_XTALK_MODEL

Very troublesome work.

IBIS 7.0 Touchstone or IBIS-ISS

Only incorporate

Touchstone into the simulator's

multiport element

DQO[ >
DQ1 >
DQ2[>-

Aggressor

multiport D
Are
element D
EAggressor
XTALK PKG.TOTAL 3 SIG 56

Simulation results

iy

!

m |

' 5

Get faster and more accurate results.

12 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Package PDN modeling FUJITSU

Package PDN structure

{)ap. Gnd pad

Vdd BGA pin-*v1* __Gap. Vdd pad

Bonding-Wire ~ = Vddplane
G

Substrate (Vdd: pink Gnd: lightblue) nd plane

Conventional IBIS modeling part

[Pin] signal_name model_name R_pin L_pin C_pin
|
V1 vDDQ POWER 9m 0.326nH 70pF

Cannot put Package Capacitor model

13 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Package PDN modeling FUjiTSU

Conventional IBIS SSO simulation topology IBIS 7.0 SSO simulation topology
without Package Decoupling Capacitor with Package Decoupling Capacitor

_i_

om | o W|tch|ng f I T SWltChlng

T

A i statig L ' LT st
Package .EJ et | I:&—>

~— Switching Capacitor ;mm Switching

|
i

g

.

Model

= Switching " = Switching

|
E

Hepee ,Package

PDN Model(IBIS-ISS or Touchstone
Light Green: Conventional IBIS, Blue: IBIS 7.0 ( )
[“Switching” Transient waveform |

| “Static L” Transient waveform |

\

"
=

:
.
|

i

f

Enables accurate simulation with capacitor effects.

14 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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o)
FUJITSU

Post-layout simulator issues when
using the IBIS7.0 INTERCONNECT
MODEL

B Post-layout simulator issues

m Support for Local GND reference waveform output
m Support for Touchstone Version 2.0

m Support for S-element with N reference nodes

15 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Post-layout simulator issues rujirsu

O The post-layout simulator verifies a large number of nets in a short time.
Therefore, the power and GND nets are treated as an ideal,
and the transmission waveform viewed from the ideal GND
(node 0 in Spice) is output.

O However, since the IBIS 7.0 INTERCONNECT MODEL includes
a high-accuracy Package PDN model, S| simulation
considering Pl (power-aware simulation) is possible.

O Therefore, the functions required for the simulator in the post-layout
simulation using the IBIS 7.0 INTERCONNECT MODEL
are described below.

16 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Support for Local GND reference waveform output

o)
FUJITSU

O Enable to output waveform not only with Node 0 reference but also with local GND reference
to observe true receiver waveform.

DDR4-2666 SSO Simulation Topology

On Die Cap  Controller gKG gCB PKG DDR4
_:p_—tl Sig9 oo Si9 Sig/PDN
i I}_j DQ1
i ] DQ2
> ] [bas
] ] L |
Decap. Local GND
PKG _E] [j :
PDN — | [Decap. Probe point
1.

2v
Spice ideal node “0” _)PFTCB

(Global reference node)

PDN

Node “0” reference waveform

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Support for Touchstone Version 2.0

O S-parameter Port Impedance: Signal>50Q PDN->0.01Q
O IBIS 7.0 Package model may include Signal and PDN models together.
O S-parameter with Signal and PDN->Modeling by Touchstone Version 2.0
O Therefore, Simulator must be able to handle Touchstone Version 2.0.
DDR4-2666 SSO Simulation Topology

Controller

On Die Cag :

Touchstone Version 2.0 File Format

[e®)
FUJITSU

[Version] 2.0

[Network Data]

0 0.00248230077
8.63261663¢-17
3.97693164e-14
9.540439220-17
3.98112805e-14

- b
1 w; P4 DQ1 ,5—17
I DS_P@ P6  DQ2 i> I

| | -k PeDasl | P
[l ——Pef prowenf- | -
‘ P11 |P12 GND

FWS_Deca._ | Decap.

P

P14

Controller Package
Touchstone model
with signal and PDN

1.2V

3.98980676e-14
6.26736291e-16
1.72969382e-14
3.61044345e-14
3.60921621e-14
1.7368305e-16
1.70720495e-14

! 14-port S-parameter data

# GHz SMAR 50

[Number of Ports] 14
[Number of Frequencies] 100
[Reference] 50 50 50 50 50 50 50 50 0.01 0.01 0.01 0.01 0.01 0.01
[Matrix Format] Full

0 0997517699

0 9.58509958e-17
0 1.0544507e-12
180 9.40660628e-17
0 1.05636301e-12
0 1.05749522e-12

0 1.69291648e-16
0 1.70927782e-14
0 1.23159098e-12
0 1.23283725e-12
180  5.78685688e-16
0 1.7234413e-14

0 62673629116 0  1.7368305e-16
180 3.17940593e-16 0 1.95386528e-16
0  397635386e-14 0 1.05549902e-12
0 200075118e-16 0 3.16842798e-16
0 3.9899421e-14 0 1.05747895e-12
0

180 0.00291113079 0
0 1.10345768e-15
0 360900023e-14 0O

0.997088869
180 1.21350716e-15
1.2328187e-12

0
0 0997088869 0
0 1.20973279-15

000291113079
180 1.11337482e-15

180
0
0
0
0
0

18
0

8

0
180

PCB Touchstone model
with signal and PDN

18

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Support for S-element with N reference nodes FUﬁTSU

O Connecting PKG's Local GND to the Ideal GND when connecting PKG S-para with Local GND
port to PCB S-para without Local GND port is inaccurate for Power-aware Simulation.

[ Package S-parameter with Local GND port |

Sig_die_1 — Port_1

‘ PCB S-parameter without Local GND port ‘

Port_5—Sig_pin_1 Sig_pin_1C)—Port_1 Port_3—() Sig_pin_B1
GND_die_1 (—Port 2 Port_6—) GND_pin_1
PKG.s8p PCB.s4p
Sig_die_2 (—port_3 Port 7 ) sig_pin_2 Sig pin 20— Port 2 Botal—o sig i D2
GND_die 2 (—Port_4 Port 8 < GND_pin_2
Connection
ig_di Sig_pin_1 Sig_pin_1
Sla_de_1 O—Port 1 LS S Port_1 Port_3—) Sig_pin_B1
GND 1
GND_die_1 (—Port_2 Port 6 _pin_ Short
PKG.s8p PCB.s4p
ig_di Sig_pin_2 -
Sig_die 2 (—port_3 Port 7 — lg_pmb_ Sig_pin.2 - | Port 2 S sig pin D2
GND_die_2 —Port_4 Port 8 — GND_pin_2
777 Node “0”

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Support for S-element with N reference nodes FUfl)TSU

O Therefore, when assigning the S-para of the PCB to the S-element, add a reference node

corresponding to each port.
Then connect PKG's local GND to that node.

. X Sig_pin_1 Sig_pin 1
Sig_die_10_—Port_1 Port 5— el —Port_1 Port_3— ) Sig_pin_B1
GND_pin_1
GND_die_1C—Port._2 Port_6 — Z Short
PKG.s8p PCB.s4p
o Sia pin 2 -
Sig_die_2"—port_3 Port 7 — |g_p|n>_ Sigpin2 . Port_2 Port 4 —( Sig_pin_D2
GND_die_20—Port_4 Port 8 ~.oND_pin 2
777 Node “0”
Add reference node at PCB
. . Sig_pin_1 Sig_pin 1
Sig_die_1¢ — Port_1 Port_5— CEEL —Port_1 Port_3— ) Sig_pin_B1
. —_Port 2 GND_pin_1
GND_die_1 el Port_6 — —Port_1_ref  Port_3_ref—
PKG.s8p PCB.s4p
Sig_die_2°—Port 3 Port 7 . S9PN2 SN2 o por 2 Port 4 —O Sig_pin_D2
GND_die_2(—Port_4 Port 8 —.oND_pin.2 —Port_2_ref  Port 4 ref—

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Support for S-element with N reference nodes FUﬁTSU

O S-element description before and after reference node addition

Before addition S1
+ Port_1

— Port_1 Port_3— + Port 2

+ Port_3

PCB.s4p + Port_4

+0

—|Port_2 Port 4 — + mname=PCB_SPARA
.model PCB_SPARAS
+ N=4

+ tstonefile= PCB.s4p

After addition S

—Port_1 Port 3 + Port_1 Port_1_ref
- + Port_2 Port_2_ref

—Port_1_ref  Port_3_ref—
+ Port_3 Port_3_ref

PCB.sdp + Port_4 Port 4 _ref
— Port_2 Port 4— + mname=PCB_SPARA
—Port 2 ref  Port_4 ref— -model PCB—S PARAS
+ N=4

+ tstonefile= PCB.s4p

21 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED

Support for S-element with N reference nodes FUﬁTSU

O Waveform comparison between S-parameter PCB model with local GND port
and S-element PCB model with N reference node.
O Both eye diagrams are almost the same.

DDR4-2666 SSO Simulation Topology
Controller DDR4
| [}, — DQ0__DQO0_ .& \ Light Green: PCB model is (a)Touchstone with LOCAL GND port
N gram | Pink: PCB model is (b)S-element with N reference node

bail [Da {>‘

o~

pa3| [pas L[]

vod [voD ﬁ'rcjde
GNDO |GND

Decap.

H Decap.
120

PCB model

(a) Touchstone model
Controller Package model with LOCAL GND port
Touchstone model or

with LOCAL GND port (b) S-element with N reference node

|
|
|2 [ |

22 Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Summary FUjiTSU

O Highly accurate simulation results are expected by the package model
based on the IBIS 7.0 INTERCONNECT MODEL.

O The IBIS 7.0 package model can be applied to power-aware simulation.
Therefore, the post-layout simulator must also support power-aware

simulation.

Copyright 2019 FUJITSU INTERCONNECT TECHNOLOGIES LIMITED
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Agenda

B Background
B Proposal for On die De-cap model
B Feedback and updating

B Conclusion

m Copyright© JEITA SD-TC All Rights Reserved 2019

Chip PDN characteristic

® Chip PDN characteristic
» On die Resistance affects IR-Drop and Q factor
» On die De-cap affects High frequency power-supply noise

Many papers reported in IBIS Summit describe importance of On die

De-cap, because it is one of the few solution that reduce high frequency
power-supply noise
IBIS Summit papers, the title of which have the below words

H Pl ®mPower

Ip_a]pers with
description
of On die
De-cap

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019
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A Survey of On die De-cap model

B However, board and system designers can hardly obtain
On die De-cap model

A Survey by JEITA LPB-SC MDL-WG @LPB developers workshop 2017.9.2

Q1. to All
“Can you obtain information about Chip PDN?”
Answer
Guideline On die De-cap PKG PDN

documents Target Z mog mliel
“What are you concerned about when you offer PDN model”

Q2. to LSl designer
Answer

“Which model format is suitable for our customer?”

L% Copyright© JEITA SD-TC All Rights Reserved 2019

Respondents

LSl
designer

History of our proposal

Nov. 17, 2017 Asian IBIS Summit Tokyo, JAPAN
Proposal(Draft1)

Asian IBIS Summit
Tokyo, JAPAN
November 17, 2017

Sep. 8, 2018 LPB workshop
On die De-cap Modelin  proposal(Draft2)

Murata Kazuki (RICOH COM

JEITA Feb. 1, 2019 DesignCon 2019 IBIS Summit
Semiconductor & System Design Tt ~, = o .
LPB Interoperable Design Su j/?—'y;rT:ETb‘j%‘lﬁw Proposal(Final)
Modeling Working G BEITCAITETTE DesignCon 2019 IBIS Summit
Santa Clara, CA
B IREANZ OLRYRILIMOZOA) W eepruary 1, 2010
https:/ibis.org/summits/nov1 7c/murata.pdf JEITA¥ER R S AT AR TR EE
LPBAREIREHY TSy 7 o On Die De-cap Modeling Proposal

BT I-FAI0N-T

Kazuki Murata (Ricoh Co. Ltd.), Megumi Ono (Socionext Inc.)
JEITA

Semiconductor & System Design Technical Committee

LPEB Interoperable Design Sub-Committee

Modeling Working Group

https://ibis.org/summits/feb19/murata.pdf
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History of our proposal

March 11, 2019 Submitted

Buffer Issue Resolution Documents (BIRD)

To submit a BIRD to the IBIS Open Forum, please use the BIRD Templare, Rev. 1.3,

Date Date

[ Teme Tilke Requester Submitted Accepted \ttl:rsion
200 [IC_comp Model Using IBIS-ISS or Randy Wolff, Micron Technology, Inc. Walter Katz, [ July 9, 2019 September 27,

Touchstone Signal Integrity Software, Inc. 2019

i 5 Arpad Muranyi, Mentor a Siemens Business March 19, 2019 lune 7, 2019

Kazuki Murata; Ricoh Co., Ltd.; Miyoke Goto; Ricoh ~ [March 11,2019
(Power Distribution Network) Modeling|Co., Ltd.; Kazuyuki Sakata; Renesas Electronics
Corporation; Kazunori Yamada; Renesas Electronics
Corporation; Kouji Iehikawa; Denso Corporation;
\Atsushi Tomishima; Toshiba Electronic Devices &
Storage Corporation; Takashi Hasegawa; Sony LSI
Design Inc.; Koichi Seko, Panasonic Industrial Devices
Systems and Technolagy Co., Ltd.; Toshiki Kanamoto;
Hirosaki University Megumi Ono; Socionext Inc.

m Copyright®© JEITA SD-TC All Rights Reserved 2019
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Proposal
Model New Keyword
[Model] OnChipDecapA
VCC Model_type On_Die_PDN
bus_label 2 Ondie
Resistance || [c pdn] 3n 2.9n 3.1n
sz [R pdn] 0.1 0.1 0.1
R pdn P o o o
p

[R leak] 200 200 200

[PDN Model Mapping]

On die De-cap
C3 Al OnChipDecapA

R leak
C pdn D4 D1 OnChipDecapB

D3 D1 OnChipDecapC
bus_label1

GND A4 A5 model_selector_for_PSO

A little modification to existing IBIS Keyword “Series Model”

m Copyright®© JEITA SD-TC All Rights Reserved 2019

Correlation between measurement and model

B Qur proposed model is correlated with the measurement results.

[Ohm]
Equivalent circuit 10!
g 10° §
Package resistance Measurement resul
}and inductance 10t {Equivalent circuit
10% 107 10®

g

On die PDN

Measurement result
Equivalent circuit

—

phase[degree)
o

L}
w
o

108 107 10°
freq[Hz)

m Copyright© JEITA SD-TC All Rights Reserved 2019 Page10
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Simulation Result

B Simulation result using the IBIS model that we proposed

AC analysis result Transient analysis result
= PDN input impedance = 10 switching VDD noise @DIE
IBIS with PDN model IBIS with PDN model
[Q IBIS without PDN model [Vl  IBIS without PDN model
1 (lin)
10 257
: 2.9Vpp
1 Pﬁ $ 0.2Vpp
o1 5
500m
mmim 1M 1008 P ] 6 e S6n T ilOE)n' '

[Hz] [s]
B The expected result was obtained when using a certain
simulator

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019
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List of syntax candidates
|| syaxA | SyaxB | SynaxC

Connection
Parent

Model selecting
Method

Corner definition

Base structure
EDA Vendor

Updated BIRD198

Bus_label
[Model]

v
[Model Selector]

The order of the
values does not have
to be typ / min / max

Series Model

Difficult implementation

New Proposal from
IBIS Open Forum
(Ex.1)

Bus_label
[Component]

v/
Alternative method
Define for C/R
parameter names
aligned by corner

(C_pdn_corner, etc.) or
not related to a corner

(C_pdn, etc.).
[Interconnect Model]

easy implementation

New Proposal from
IBIS Open Forum
(Ex.2)

Bus_label
[Component]

v/
Alternative method

Define typ / min / max
values separately each
in [PDN Model]

[Interconnect Model]

easy implementation

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019 Page13

List of syntax candidates
[ " SsmaxA  SyntaxB | SymtaxC

Connection
Parent

Model selecting
Method

Corner definition

Base structure
EDA Vendor

Updated BIRD198

Bus_label
[Model]

v/
[Model Selector]

The order of the
values does not have
to be typ / min / max

Series Model

Difficult implementation

New Proposal from
IBIS Open Forum
(Ex.1)

Bus_label
[Component]
v
Alternative method

Define for C/R
parameter names
aligned by corner

(C_pdn_corner, etc.) or
not related to a corner

(C_pdn, etc.).
[Interconnect Model]

easy implementation

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019

New Proposal from
IBIS Open Forum
(Ex.2)

Bus_label
[Component]

v
Alternative method

Define typ / min / max
values separately each
in [PDN Model]

[Interconnect Model]

easy implementation

Page 50 of 104




Asian IBIS Summit 2019, Tokyo, Japan

1st Feedback from IBIS Open Forum

To Autiors of BIS BIRD198: povwer and grouad sail supply
“oltages.
'BIRDISS has been discussed in the IBIS ATM (Avanced Technology Modeling Task Groop)
et EDA tool ioss, T will be
aad bow il 2y o thea. x e PDN
wbous bow 10 best modsd PDN elemeats ia [BIS. TBIS mut be cleas .
we To asist EDA tools, absst o v
of powes grvad rail sigaals. Since [PDN
Model Mapping] defines its connections by pin sames, please convider the ideas below
« The [PDN Model (Pin] sestion, but oumbered a5 above:-
asaoeiated with those pis, oe power grouod ail signal networks ssocibled with thase L Tathe eme
pias. msdels are well mnderstood.-
2. The rules for using [FDN Model Mapgisng] for pins conected to Taterconmect Model]

por i or it mg
‘associate them exactly with specific pias. Also, it Would be important o v haviag

By —

3. With 5o (Pin Mapping) Medel. 5o soppl e defined. In
his case  [PDN Model Mappiag] eatry would consect e FDN capaciior model 1o the

ice, That ia, o interconnect circuit elements are connected between the sEply
il die pads and the T sopply rule.- deccuple the powes grouad s gnals onthe board, but 5o bulfers o cther dic pods iise
the chup would be conected to them.

16t i corroct, we believe st

might be X Please L s know yous thoughts on these ideas -
TBIS corrently describes the intersal conmactions of powes ad grouad rail by these means--
by Lates, the ATM task groug would
L [Pin Mapping] - This keysord supports descriptions of parwes and ground buses PMEST cn s Tuesday otber e
rcups of PO D pins, 33 i

‘pins that share The is desired }
February 2019 preseatation by Oso-san memisons [Pis Magping] »

2 Thasik you for your contribution to IBIS -
ground sructures are cxactly deseribed in detal vaing IBIS-ISS or Touchstooe: In ose

g Mike LaBoote, Chair, IBIS Opea Forua-
sopply di pad knowiedge of
sopply ril. Also, y any Arpad Msranys, Chsc IBIS Advanced Technology Modeling Task Geoup-
any musuber of pamed (Die Supply Pads] termizal, athough th details of which paos are
e by Toochstone
etements. a this [Die Supply Pad) I
s assosiated.
5 No[Pi ' o fodel] - .
piea, if pin,are usknonn.
ND i ug, 4

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019

Update of BIRD198
1. Added "On die" to clearly identify "on die pdn"

[PDN Model Mapping]

C3 Al OnChipDecapA
D4 D1 OnChipDecapB

D3 D1 OnChipDecapC

A4 A5 model_selector_for_PSO

G

[On Die PDN Model Mapping]

C3 Al OnChipDecapA
D4 D1 OnChipDecapB
D3 D1 OnChipDecapC

A4 A5 model_selector_for_PSO

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019
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Update of BIRD198

2. Pin name — Bus label (required description from IBIS7.0)

[PDN Model Mapping]

C3 Al OnChipDecapA
D4 D1 OnChipDecapB
D3 D1 OnChipDecapC

A4 A5 model_selector_for_PSO

G

[On Die PDN Model Mapping]

VDDA VSS OnChipDecapA
VDDB VSSB OnChipDecapB

VDDA VSSB OnChipDecapC

VDP VSSC model_selector_for_PSO

L % Copyright®© JEITA SD-TC All Rights Reserved 2019 Page17

Update of BIRD198
3. [Model Selector] support

[Component] AAA
[Pin Mapping]
pin_namel NC bus_labell
pin_name2 bus_label2 NC

[On Die PDN Model Mapping]
bus_labell bus_label2 DDRRAIL
[Model Selector] DDRRAIL

DDR3_mode
DDR4_mode

[Model] DDR3_mode
Model_Type On_Die_PDN Almost the same as
[C pdn] 3.0n 3.6n 2.1n "Series model
[R pdn] 0.02 0.03 0.01
[R leak] 15k 15k 15k

[Model]  DDRA_mode The order of the
Model Type On_Die PDN values does not have to
[C pdn] 2.0n 2.5n 0.9n be typ/min/max
[R pdn] 0.02 0.03 0.01
[R leak] 15k 15k 15k

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019
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Update of BIRD198

4. We have listed the case of using
[On Die Decap Modeling Mapping] and/or
[Interconnect Model]

The cases of using [On Die PDN Model Mapping]

Condition A [Condition B ConditionC [Condition D Fig [Notes

Whether or nat [Pin  [Whether or not When candition B is 1/, [When condition Cis o/,

Mapping] exists. (Interconnect Model]  whether or notthe whether of not the <> :Cotegory of IBISCHK messege. (JEITAproposel)
exists. bus_labelof the Interconnect Moded has.

Interconnect Madel |peds whase bus_labels
terminals and that of  are the same as
the On-Die PDN Model candition C.
| | terminals are the seme.
iadst) / Xinot) | Vexist) / Xlno) | V(same)/ Xinot) | Vsame)/X (not)
1 /A N/A Fig.1 |1, On_Dis_PDN_Model connects the il pads.

x X
| | | 2, The rail has no connaction to the butlers. <Warning
2 X v X N/A Fig2a 1, On_Die_PDN_Model connects the rail pads.
Fig2b 2, The rail has no connection to the butfers. <Waming
3, The Interconnect Model and On_Die_PDN_Model exist independently.

3 X | v v b3 Fig3 |1, Thers is no connsction betwesn the Interconnect Modsland On_Dis_PON_Model. <Error
4 X v v v Fig4s 1, On_Die_PON_Mcdel nd the Intercannéct Modelconnect the reil pads.
Figdb 2, The r8il between the pads and buffer ts inals is sssumed to be connected with an ideal

short by [Pin Mapping] (1o be confirmed
| | 3. There is & possibility of double counted PDN model <Warning
5 v X N/A N/A Fig.5a 1, On_Dia_PON_Model connacts tha roil pods.
Fig 5b 2, The rail betwesn the pads and buffer terminals is assumed to be connected with an ideal
short by [Pin Mapping]
Thers is a rail that is not connectsd to the butfers. (Fig Sb) <Warning

0 v | By x | N/A Figh |1, On_Die_PDN_Model connects the ral pads.
2, The rail between the pads and buffer terminals is sssumed to be connected with an ideal
short by [Pin Mapping]
| | 3, The Interconnect Model and On_Die_PDN_Model exist independently
7 v v v X Fig.7 1, There is no connection betwesn the Interconnect Model and On_Die _PON_Model. -
3 - \/ v v Fig8 1. On_Die_PDN_Model and the Interconnect Model connect the rail pads.

2. The rail betwesn the pads and buffer terminals is sssumed to be connected with an idesl
short by [Pin Magping] (1o be confirmed)
3, There is a possibiiity of double counted PDM model. <\Wa:

Copyright® JEITA S All Rights Reserved 2019

Example 1

{Pin] signal_name model_name
vcc POWER

vcc POWER

sig bufl

vss GND

vcc POEWR

vss GND

fig.7

PKG Signal name
DIE Bus_label

Pin Mapping]

NC vcl

NC vcl

vsl NC

NC vcl

vsl NC

vsl vel NC NC NC

W) 0 W M e — o) (0w L

|

[On Die PDN Model Mapping]
: i wcl vsl OnChipDecapA

[Pir Maopingl |
(¢ ! d E [Model] OnChipDecapA
Model_type On_Die_PDN

[C pdn] 3n 2.9n 3.1n

[R pdn] 0.1 0.1 0.1
[Interconnect Model] [R leak] 200 200 200

|

[Inerconnect Model] model 2
File_ TS sample2.s4dp
Humber_of_terminals = 4

1 Pin_Rail signal_name vcc
2 Pin_Rail signal_name vss
3 Pad_Rail bus_label vcl

4 Pad_Rail bus_label vsl

Copyright© JEITA SD-TC All Rights Reserved 2019
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Example 2

{Pin]

signal_name model_name

fig.8
PKG Signal name
DIE Bus_label
pin
Thereis a
possibility of [Pin Mapping]
double coumti
[interconnect Model]

L % Copyright© JEITA

vee
vee
sig
vss
vee
vss

POWER
POWER
bufl
GND
POEWR
GND

Pin Mapping]

NC vcl

NC vcl

vsl NC

NC vcl

vsl NC

vsl vcl NC NC NC

o ) R — ) e LR

|

[On Die PDN Model Mapping]
vcl vsl OnChipDecaphA

|
[Model]
Model_type
[C pdn]

[R pdn]

[R leak]

|
[Inerconnect Model] model_1
File TS samplel.s2p
Number_of_terminals = 2

1 Pin_Rail signal_name vcc
2 Pin_Rail signal_name vss

OnChipDecapA
On_Die_PDN
3n 2.9n 3.1n
0.1 0.1 0.1

200 200 200

C All Rights Reserved 2019

List of syntax candidates

Connection
Parent

Model selecting
Method

Corner definition

Base structure
EDA Vendor

Updated BIRD198

Bus_label
[Model]

v/
[Model Selector]

The order of the
values does not have
to be typ / min / max

Series Model

Difficult implementation

New Proposal from
IBIS Open Forum
(Ex.1)

Bus_label
[Component]
v
Alternative method

Define for C/R
parameter names
aligned by corner

(C_pdn_corner, etc.) or

not related to a corner
(C_pdn, etc.).

[Interconnect Model]

easy implementation

New Proposal from
IBIS Open Forum
(Ex.2)

Bus_label
[Component]

v
Alternative method

Define typ / min / max
values separately each
in [PDN Model]

[Interconnect Model]

easy implementation

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019 Page22
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2"d Feedback from IBIS Open Forum

We were very imp: with your
Katz.

Questions/comments:

syntax and on-die decoupling with BIRD198 syntax.

to address previous comments as well as your thorough descriptions of BIRD198 and BIRD189 interactions in the PowerPoint
document. We have now had two good discussions on the BIRD158.1 draft proposal. | will attempt to summarize our questions, comments, and an altemate syntax idea proposed by Walter

1. We are wondering why the BIRD allows use of [Model Selectar] far the [Madel] name included in the [On Die PN Model Mapping] keyword. Is this for consistency with all other
[Model] types or is there a real technical need for it? If the latter, do you have an example for where more than one selection of an On Die PN Model could be useful?

Are the [R pdn], [C pdn], [R leak] and [R pdn corner], [C pdn corner], [R leak corner] keywords included for consistency with the existing structures for C_comp modeling ([Model]
€_comp* subparameters vs. [C Comp Corner] C_comp* subparameters)? We think it would be simpler to have only one method of including these keywords. The ‘corner’ method to
associate the values with the typ/min/max corners rather than by magnitude seems like the better approach to ensure consistent use of the model in simulation.

Interactions between BIRD189 and BIRD198 were discussed. There was agreement that allowing both to co-exist would simplify rules and IBISCHK parsing. Language could be added to
the BIRD to clarify that it is the burden of the model maker to ensure that on-die decoupling is not double counted. The examples in Fig. 3 and Fig. 7 of the
bird198p1_fig_20190820.pptx document would not be errors in this case. These cases could be real examples where 3 model maker is modeling on-package decoupling with BIRD189

4, Requiring the existence of [Pin Mapping] seem: d would simpl

Some of the EDA vendors expressed their opposition to the addition of a new [Model] type to represent the on-die PDN model.

checking.

a new type of [Model] in existing EDA software is

Walter’s draft syntax proposal looks like this:

rather difficult, requiring major code changes, schematic symbol changes, GUI changes, etc. Walter Katz proposed a simplified alternative syntax which would place the on-die PON models
under the scope of the [Companent] keyword with the addition of a few simple keywords, such as [R pdn], [C pdn], [R leak]. This appears to be easier to implement and support in EDA
tools. Putting the keywords under the [Component] scope is also good because {unlike [Model]) this structure is bus_label centric, not pin-centric.

[On Die PDN Models]

[PDN Model] VDDAVSS
[Rail Bus Labels]
[C pdn] 3n  2.9n 3.1
(R pdn] 0.1 0.1 0.1
[R leak] 200 200 200
[End FDN Model]

[PDN Model] VDDBVSS

[Rail Bus Labels] VDDB vsS
(C pdn] 3n  3.1a 2.9n
[R pdn] 0.1 0.1 0.1

[R leak] 200 200 200
[End PDN Model]

VDDA VSS | (Note) Bus Labels can be Rail signal_names

A new syntax proposal from
the IBIS Open Forum
for easy implementation by EDA vendors.

l% Copyright®© JEITA SD-TC All Rights Reserved 2019

314 Feedback from IBIS Open Forum

We have had a lot of discussion about the meaning of corner cases for the
C_pdn, R_pdn, and R_leak parameters. In my experience, there is not typically
a correlation between the PDN corner parameters and the transistor corner

The PDN i i can be fabricated with many
technologies such as MOS cap, MIM cap, DRAM storage cap, etc. So, the
min/max values of the PDN capacitance usually are not related to the same
slow/fast (min/max) transistor process corners. It's also difficult to say what
becomes the best/worst case model for the PDN, since this can have a lot to do
with the resonant frequency of the PDN C with package L, and what frequency
the buffer is switchingat. For example, in a SSO simulation, you might need to
sweep all the PDN corners with the slow/fast transistor model corners to see
what corner case the worst il witching noise.

So, we think it is necessary to include syntax supporting:

1. A PDN model with C_pdn, R_pdn, and R_leak parameters for 3 corners,
where the corners are correlated with the Model typ/min/max corners.

2. Multiple PDN models (like the Model Selector concept) with single
C_pdn, R_pdn, and R_leak parameter values (not supporting corners,
not correlated to Model typ/min/max corners). The EDA tool would see
these models as selected by group.

We also discussed another syntax proposal from Walter that would align better
to the BIRD189 syntax. We would like your feedback on the idea presented

below:

Notes:

1. The [PDN Group] is scoped under [Component].

2. Multiple [PDN Model] sections can exist with a [PDN Group]/[End PDN
Group] section, for example to model VDD-VSS and VDDQ-VSS.

3. Thereis different syntax for C/R parameter names aligned by corner
(C_pdn_corner, etc.) or not related to a corner (C_pdn, etc.).

4. If there are “corners” not correlated with process, then we can have one

[PDN Group] for each of these uncorrelated “corners”. There could be 1
PDN corner, 2 PDN corners, 3 PDN corners, and more than 3 PDN
corners (implemented as separate [PDN Group]s).

5. Thissyntaxalso changes some keywords to subparameters within the
[PDN Model]/[End PDN Model] section.
6. TheEDA tool would have a single PDN Group selector. Once any group.

is selected then all is automatic.

m% Copyright®© JEITA SD-TC All Rights Reserved 2019

| Example 1, one group correlated with typ/slow/fast IV/VT
curves - one group, three corners

[PDN Group] ProcessCorners

[PDN Model] VDDVSS_Corner
Rail_Bus_Labels VDD VSS
C_pdn_corner 100f  150f  S0f
R_pdn_corner 0.1 0.05 0.15
R_leak_corner 200 300 100
[End PDN Model]

[End PDN Group]

| Example 2, two groups, not correlated with process corners

[PDN Group] LargeCap

[PDN Model] VDDVSS_LargeCap
Rail_Bus_Labels VDD VSS
C_pdn = 150f

R_pdn = 0.05

R_leak = 300

[End PDN Model]

[End PDN Group]

[PDN Group] SmallCap

[PDN Model] VDDVSS_SmallCap
Rail_Bus_Labels VDD VSS
C_pdn = 50f

R_pdn = 0.15

R_leak = 100

[End PDN Model]

[End PDN Group]
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34 Feedback from IBIS Open Forum

Syntax B: 3 feedback (Example 1) .

[Component ] ARMA 2
[PDN Group] PDN_for_ DDR3
[PDN Model] VDDVSS_for_Core
Rail_Bus_Labels VDD VSS
C_pdn_corner 100n 150n 50n
R_pdn_corner 0.1 0.05 0.15 |3
R_leak_corner 200 300 100

[End PDN Model]
[PDN Model] VDDQVSS_for_ DDRIO 4
Rail_Bus_Labels VDDQ VSS

C_pdn_corner 10n 2n 25n
R_pdn_corner 10m 15m 5m
R_leak_corner 500 800 50 5

[End PDN Model]
[End PDN Group]
[PDN Group] PDN_for_ DDR4
[PDN Model] VDDVSS_for_Core
Rail_Bus_Labels VDD VSS

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019

The [PDN Group] is scoped under
[Component].

Multiple [PDN Model] sections can
exist with a [PDN Group]/[End
PDN Group] section, for example
to model VDD-VSS and VDDQ-
VSS.

There is different syntax for C/R
parameter names aligned by
corner (C_pdn_corner, etc.) or not
related to a corner (C_pdn, etc.).
This syntax also changes some
keywords to subparameters within
the [PDN Model]/[End PDN
Model] section.

The EDA tool would have a single
PDN Group selector. Once any
group is selected then all is
automatic.

31 Feedback from IBIS Open Forum

Syntax C: 3" feedback (Example 2) ..

[Component] AAA
[PDN Group] LargeCap_for_ DDR3
[PDN Model] VDDVSS_for_core
Rail_Bus_Labels VDD VSS
C_pdn = 150n
R pdn = 0.05 3.
R _leak = 300
[End PDN Model]
[PDN Model] VDDQVSS_for_ DDRIO
Rail_Bus_Labels VDDQ VSS
C_pdn = 25n
R pdn = 15m
R _leak = 800
[End PDN Model] 4.
[End PDN Group]
[PDN Group] SmallCap_for_ DDR3
[PDN Model] VDDVSS_for_core 5
Rail_Bus_Labels VDD VSS
C_pdn = 50n

|l— I-1B Copyright®© JEITA SD-TC All Rights Reserved 2019

2.
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The [PDN Group] is scoped under
[Component].

Multiple [PDN Model] sections can
exist with a [PDN Group]/[End
PDN Group] section, for example
to model VDD-VSS and VDDQ-
VSS.

If there are “corners” not
correlated with process, then we
can have one [PDN Group] for
each of these uncorrelated
“corners”. There could be 1 PDN
corner, 2 PDN corners, 3 PDN
corners, and more than 3 PDN
corners (implemented as separate
[PDN Group]s).

This syntax also changes some
keywords to subparameters within
the [PDN Model]/[End PDN
Model] section.

The EDA tool would have a single
PDN Group selector. Once any
group is selected then all is
automatic.
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List of syntax candidates
|| syaxA | SyaxB | SynaxC

Updated BIRD198 New Proposal from New Proposal from
IBIS Open Forum IBIS Open Forum
(Ex.1) (Ex.2)
Connection Bus_label Bus_label Bus_label
Parent [Model] [Component] [Component]
Model selecting v v/ v/
Method [Model Selector] Alternative method Alternative method
Corner definition The order of the Define for C/R Define typ / min / max
values does not have parameter names values separately each
to be typ / min / max aligned by corner in [PDN Model]

(C_pdn_corner, etc.) or
not related to a corner

(C_pdn, etc.).
Base structure Series Model [Interconnect Model] [Interconnect Model]
EDA Vendor Difficult implementation ~ easy implementation easy implementation

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019 Page27

Agenda

B Background

B Proposal for On die De-cap model

B Feedback and updating

B Conclusion

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019
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Conclusion

Chip PDN model is still not widespread. Therefore, we proposed to
add an explicit keyword of chip PDN to IBIS.

Our proposal was registered as BIRD198 and it has been discussing
in IBIS Open Forum since this March.

We will continue to work to accept BIRD198 in the next version of
IBIS.

We would like to get your feedback from JAPANESE USER!

Please access “JEITA semiconductor and system design Technical
Committee (JEITA-SDTC)” Web site and send comment!

Thank you!

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019 Page29

JEITA-SDTC Web Site&Inquiry

[Title/Subject]
sl d e [Comments on BIRD198]

[Application period]
Nov. 8, 2019~Nov.22, 2019

An inquiry

JEITA sem
COMMITEE: o e et

Technical C I LP i (IEC 63055 / IEEE 2401) Is,

Name irequired) / Your name (required)

E-mail address (required)  e-mail address (required)

Title / Subject

Message Body / Content of inquiry

http://jeita-sdtc.com/

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019 Page30
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Thank you for your support and feedback!
We really appreciate all of the IBIS Open Forum
members

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019

Reference: Series Model

[Component] AAA
[Pin Mapping]
pin_namel NC bus_labell
pin_name2 bus_label2 NC
[Series Pin Mapping]
pin_namel pin_name2 CCC
[Model Selector] CcccC

DDD

EEE
[Model] DDD

Model_Type Series

[R Series] 100 80 120
[Model] EEE

Model_Type Series

[R Series] 120 100 140

LL % Copyright®© JEITA SD-TC All Rights Reserved 2019
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IBIS File Format Links

Bob Ross, Teraspeed Labs
bob@teraspeedlabs.com

Asian IBIS Summit
Tokyo, Japan
November 8, 2019

(Updated from June 21, 2019 version)
(Presented by Randy Wolff, Micron Technology)

Copyright 2019 Teraspeed Labs o]

Story of IBIS

In the beginning ... (1993) 1 file format, 8 pages
* Then a committee got involved ...
(2019) ... 17 or more formats or links to formats:
o IBIS Version 7.0 (331 pages)
o Touchstone 2.0 (34 pages)
o IBIS-ISS (58 pages)

Story of file formats given here

Copyright 2019 Teraspeed Lalbs 2
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File Format Legend

Green - Official IBIS formats (ebd, ibs, pkg, ami, ims,
Touchstone, Ts4file, executable models, “ixt”)

o Checked by ibischk7 (with/without flags) or separately with
tschk2

o Content referenced in EBD and IBIS files are usually parsed
(or checked for connectivity only)

o Note, tschk2 is an independent checker, separate from
ibischk7

Red - Official IBIS format, but no parser (IBIS-ISS)

Black - Format managed by other specifications or
standards

Touchstone means official Touchstone 1.0 and

Touchstone 2.0

Copyright 2019 Teraspeed Lalbs o3

File Name and Extension Reference

1/O Buffer Information Specification (IBIS) Version 7.0
Electrical Board Description (ebd) Section 8
IBIS (ibs) Sections 4-6, 12
Package Modeling (pkg) Section 7
IBIS-AMI (ami), Ts4File (usually s4p),Section 10
executable models (usually so, dll) Section 6
o Interconnect Model Set (ims) Section 11
Touchstone File Format Specification Version 2.0
o Touchstone 1.0 (usually sNp)
o Touchstone 2.0 (usually sNp)
o Tsd4file (usually s4p)
IBIS Interconnect SPICE Subcircuit (IBIS-ISS) Specification Version 1.0
o IBIS-ISS (usually iss)

O O O O O

Copyright 2019 Teraspeed Lalbs o4

Page 61 of 104




Asian IBIS Summit 2019, Tokyo, Japan

Optional Internal IBIS Content

and EBD Links

Basic IBIS Package Multilingual | Interconnect
[Component], [Define Model Sets
[Model], etc. Package (requires [Interconnect

Model] external files) | Model Set]

Electrical

Board —> EBD > EBD
Description
(EBD) J v
IBIS IBIS

g

Copyright 2019 Teraspeed Lalbs

®5

Optional Internal IBIS Content

and IBIS-ISS Links

Basic IBIS Package Multilingual | Interconnect
[Component], [Define Model Sets
[Model], etc. Package (requires [Interconnect

Model] external files) | Model Set]
Interconnect
Spice > IBIS-ISS >|  IBIS-ISS
Subcircuit
(IBIS-ISS) J v
Touchstone Touchstone

§

Copyright 2019 Teraspeed Labs

LX)
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Basic IBIS External File Links

Basic IBIS Package Multilingual | Interconnect
[Component], [Define Model Sets
[Model], etc. Package (requires [Interconnect
Model] external files) | Model Set]
ami

Ts4file (subset of Touchstone under ami)
Executable models (dll, so, etc.)

g

Copyright 2019 Teraspeed Lalbs

o7

Optional External
Package File Link

§ ¥

Copyright 2019 Teraspeed Labs

Basic IBIS Package Multilingual | Interconnect
[Component], [Define Model Sets
[Model], etc. Package (requires [Interconnect
Model] external files) | Model Set]
pkg

o3
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Multilingual External File Links

Basic IBIS Package Multilingual | Interconnect
[Component], [Define Model Sets
[Model], etc. Package (requires [Interconnect
Model] external files) | Model Set]
ami (for passing parameters)
“txt” (text file for passing parameters)
IBIS-ISS (can call Touchstone and other files)
SPICE (Berkeley Version 3F5)
VHDL-AMS
Verilog-AMS
VHDL-A(MS)
Verilog-A(MS)
° Copyright 2019 Teraspeed Lalbs 9

Interconnect Model Set
External File Links

Basic IBIS Package Multilingual | Interconnect
[Component], [Define Model Sets
[Model], etc. Package (requires [Interconnect
Model] external files) | Model Set]
ims
IBIS-ISS
Touchstone
Copyright 2019 Teraspeed Labs e 10
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File Formats With IBIS

+ ebd

+ ibs

e ami

» Executable models (dll, so, etc.)
+ Tsdfile

* pkg

+ ami (for parameter passing)

+  “ixt” text format (for parameter passing)

+ IBIS-ISS

» SPICE

* VHDL-AMS, Verilog-AMS, VHDL-A(MS), Verilog-A(MS)
* ims

» Touchstone 1.0, Touchstone 2.0

Copyright 2019 Teraspeed Lalbs o]

Example of EBD to IBIS to IMS
Linkage (Without Details)

abc.ebd ghi.ims
Ul.23 .. [Interconnect Model Set] GHI
Ul.24 .. [Interconnect Model] Pin23
[Reference Designator Map] File IBIS-ISS Jjkl.iss pin23
Ul def.ibs DEF 1 pin_name 23

[End Interconnect Model]
def.ibs |
[Component] DEF [Interconnect Model] Pin24
[Pin] File_TS mno.slp
23 I01 IO_Buf 1 pin_name 24
24 102 I0_Buf 2 A_gnd
[Interconnect Model Group] [End Interconnect Model]
GHI ghi.ims [End Interconnect Model Set]

[End Interconnect Model Group]

jkl.iss mno.slp
EBD: Pins 23, 24 in abc.ebd = def.ibs >ghi.ims .subckt pin23 1
and terminal 1 used for 23 in ghi.ims - jkl.iss R_term 1 0 010
and terminal 1 used for 24 in ghi.ims < mno.s1p .ends 2 0.9 0.005
m | ibischk7 —ebd abc.ebd checks abc.ebd, def.ibs, ghi.ims |
° Copyright 2019 Teraspeed Labs ®12

Page 65 of 104




Asian IBIS Summit 2019, Tokyo, Japan

Observations

* 17 or more file format links in IBIS
* 12 or more file formats supported by IBIS
Specifications or by format restrictions
o Restrictions means requirements in certain files such as
executable models, parameter passing formats and Ts4file
« ibischk7 and tschk2 check syntax and content of
files
o Individual files by flags —-ebd, -pkg, -ami, -ims
o Top level files AND linked files
o tschk2 conversions: Touchstone 1.0 €= Touchstone 2.0
+ Some checking or linking is not defined (e.g., to
Touchstone, IBIS-ISS)

Copyright 2019 Teraspeed Lalbs ®13

Past and Future File Formats

» Past (unused formats)
o Rail Version 1.2 (ral) and railchk1 (for timing)

o IBIS Interconnect Modeling Specification (ICM)
Version 1.1 (typically icm) and icmchk]1

» Possible future file formats and links

o Electrical Module Description (EMD) with links to
emd, ems, ibs, IBIS-ISS, and Touchstone

o Touchstone advances

+ A lot has happened and is happening in the IBIS
Committee

Copyright 2019 Teraspeed Lalbs ®14
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ZUKEN

How to obtain buffer impedance from IBIS

Lance Wang (lance.wang@ibis.org)
SOZO Center, Zuken Inc.

2019 IBIS Asian Summit — Tokyo
November 8th, 2019, Japan

IMPEDANCE CONCEPT

IBIS CONTENT

OBTAIN IMPEDANCE FROM IBIS

OUTLINE CONCLUSION

©2019 Zuken

Page 67 of 104




Asian IBIS Summit 2019, Tokyo, Japan

Motivation ZUKEN

= Impedance matching is the biggest task for Signal

e - .
Integrity engineer and high-speed PCB/PKG .i
designers. ’

— Unmatched impedance may cause unpredictable
reflection that reduces the signal quality for high-speed
circuit design.

= Interconnects, such as, trace, via, connector, Y
package, etc., are under our radar already. '
— Field Solver helps

= Interconnect impedance also needs to match buffer
Output/Input impedance in order to keep good signal

quality How to obtain I/O buffer impedance?

Unmatched impedance

©2019 Zuken

MOTIVATION

IMPEDANCE CONCEPT

IBIS CONTENT

OBTAIN IMPEDANCE FROM IBIS

OUTLINE CONCLUSION

©2019 Zuken
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Impedance Concept

= The impedance of a two-terminal circuit element is represented as
a complex quantity Z. The polar form conveniently captures both
magnitude and phase characteristics as Z = |Z]e) 9@

= where the magnitude /Z/ represents the ratio of the voltage
difference amplitude to the current amplitude, while the argument
arg(Z) (commonly given the symbol 6 gives the phase difference
between voltage and current). jis the imaginary unit and is used

instead of /in this context to avoid confusion with the symbol for ~ For @ high-speed 1/0 buffer, the
electric current buffer inductance and capacitance

are specially designed. It is close
to minimum for the reactance X.
So, in this case, the resistance R is

* In Cartesian form, impedance is defined as 7 — g + jix

= where the real part of impedance is the resistance R and the the main factor for impedance
imaginary part is the reactance X. matching.
Measuring Impedance - .
gmp ZUKEN

— Input Impedance

= From the AC impedance triangle, the input or output impedance of a two terminal network can be determined by measuring the
small signal AC currents and voltages.

= The voltage is measured across the input terminals and the current measured
by inserting the meter in series with the signal generator. #

%

Circult Under Text

= An easy way to measure small input currents, is to use a fixed resistor, as in the
diagram above. Measure the AC voltage at points V1 and V2, then the input
current, /,, becomes:

V-V
L
= The input impedance Z,, of the circuit under test is then found by:
Vi
Z, = m
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Measuring Impedance — .
— Output Impedance LZUKEN

= Qutput impedance may also be determined using a similar technique. A fixed load resistor is used,
and the output voltage is measured first with full load, then without the load.

A

= Z,is the internal output impedance of the network to be measured. Crcuit Under Test

= To find the output impedance the output voltage is measured first with no load resistor, then with a
fixed load (purely resistive).

= First, the load resistor R, is removed and output voltage (V') measured and recorded. Then R, is
placed back in circuit and the output voltage under load (V, ). The output impedance, Z, is now
found by Ohm's Law for AC circuits. As the load is purely resistive Z=V/I, where "V"is voltage drop
across the output impedance: (V - V), and "I"the output current, V,/R,. Thus:

— (V - VL) _ RL(V - VL)
T W/R, Vi

7 ©2019 Zuken

MOTIVATION

IMPEDANCE CONCEPT

IBIS CONTENT

OBTAIN IMPEDANCE FROM IBIS

OUTLINE CONCLUSION

©2019 Zuken
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IBIS model contents ZlJI(ENme

IBIS Buffer Structure " VO type
— 4 static curve data sets
* Pullup

* Pulldown

C_comp_pu g‘) Cicom-g pe % Plus V(t) * Power Clamp
PU PC ]

» Ground Clamp

U - Pulup = Qutput type
- Fullaown .
PC - Power Clamp Output/input — 2 static curve data sets
GC - Ground Clamp . PU”Up
PD GC
C_comp * Pulldown
C;co_rrl:,_;wl_(L c_;mp%é = |nput type
PD_ref GC_ref Vol_ref

— 2 static curve data sets
» Power Clamp
All curve data are independent with own voltage references * Ground Clamp

9 ©2019 Zuken

IBIS model contents ZlJI(ENme

I/O without ODT

©2019 Zuken

Page 71 of 104



Asian IBIS Summit 2019, Tokyo, Japan

IBIS model contents ZUKEN

3.4 Extracting -V Data from Simulations

The f v s operation.
schematic and detesmine horw 1o put the buffer's output into 3 logie Jow, logic high and (i applicable) high
impedance (3-state) state. ESD or

power suppl e The
schematic should also indscare if the power clamp andor ground clamp diode siructures are tied 10 volag rails
g from thos ‘pulldown transistors.

IBIS MODELING COOKBOOK .
= 311 Simulation Setup
For IBIS Version 4.0
A typical 1-V table simulation s¢tup for an outpul or 10 buffer is shows in Figure 3.1 below. For this example,
the buffer beng analyzed 1 a standard 3-state bufler with a single push-pull output stage. The bufTer uses
daodes. The buffer's

red By: i
pd are assumed identical to its deiver supply (Vee heremaficr).
The IBIS Open Forum s

Approved September 15, 2005

ves
v
Fage 12 IBIS Moseling Cc o
Logic Low
st q ocum
S B =% .
Nichact Mirrak. ekl Corpration T Corent
Conribirs: _ k- PAD Swepr
John Angule, Mssios Gpbics Corporaion w Valtage
Do, Menter Graphics Corporston Logic Low Source:
Lymne Green, G Steak Programs
Syadilag Cisco System =
A Muramy. e B
Bl o, Terspd Conmling Gevs
X G e pin. 1._pin
bl ol | e and C_pin) parasitics. However,
ransisors shoald be ncluded (these aze o shown in Figase 3.1)
Setihe bulfer's
bigh, off i obtained, then using 1 DC or -
o 280 et s oo Vol e s The 1S Open o b A Y
to performa 3
output node, I D,
aspocts af th design aflecing he esult. The curent flow into he pud s asurd by 1515 comvention
Paget aurrent o i
resulting 1-Tand V-T 1V able, N i I
e st simulsbon dta manpulstion
1 ©2019 Zuken

MOTIVATION

IMPEDANCE CONCEPT

IBIS CONTENT

OBTAIN IMPEDANCE FROM IBIS

0 UT L I N E CONCLUSION

©2019 Zuken
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Obtain impedance from IBIS curves LZUKCEN

50 ohms

Picture from Todd W. 2005 DAC IBIS Summit

©2019 Zuken

Obtain Output type buffer impedance from IBIS LZUKEN

= Need to use Combined
Pullup/Pulldown curves

— Pullup + Clamps

— Pulldown + Clamps
= Load line / Crossing Point
= To avoid numerical errors

dV
Zo=—T @R,

Pulldown

-~ e
- v
I R gy

An example Output impedance graph

veit

©2019 Zuken
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= Use the Combined Clamp data
= To avoid numerical errors

dv
ZO:E @RL

Combined curve

©2019 Zuken

MOTIVATION

IMPEDANCE CONCEPT

IBIS CONTENT

OBTAIN IMPEDANCE FROM IBIS

OUTLINE

©2019 Zuken

Page 74 of 104




Asian IBIS Summit 2019, Tokyo, Japan

Conclusion ZUKEN

= Impedance matching is important for high-
speed design
— Not only for interconnect impedance, but also 7 -
/0 buffer impedance should be counted in the [ = R —
big picture .
= The I/O buffer impedance can be obtained o
from IBIS curve data i
— Obtain buffer driving impedance from IBIS &l zseee § q [Eer. esmewmwe - 1
combined Pullup/Pulldown curve data

— Obtain buffer Input impedance from IBIS ’ ‘ )
combined Power /Ground Clamps curve data : :

= |/O impedance maybe vary for different
loads

17 ©2019 Zuken
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Asian IBIS Summit (TOKYO, JAPAN), November 8, 2019

A potential application of IBIS to CISPR25 based
EMI analysis of DCDC converter

Kazuyuki Sakata, Renesas Electronics Corp.
Koji Ichikawa, DENSO CORP.
Miyoko Goto, Ricoh Corp.

Toshiki Kanamoto, Hirosaki University

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019

Agenda

» Motivation and objective

» Impedance modeling of DCDC converters

» Measurement settings and results

« Simulation results and comparison with measurement
» Discussion

« Summary

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019
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Agenda

Motivation and objective

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019

Motivation and objective

« EMI simulation of IBIS modeled DCDC converter

v" Study on modeling to comply with CISPR25

v Initial trial with bare IBIS descriptions

— Simulation results show discrepancies from measurements
» Make discussions on source of errors and solutions

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019
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Agenda

Impedance modeling of DCDC converters

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019

DCDC converter impedance measurement

DCDC converter: RICOH RP510L004N-TR-A

IO Pins for impedance measurement

BRI Pin(S-G) | No.(S-G) | Pitch(mm) Bias voltage (V) Freq.(Hz) 3%
E PVIN-PGND PIN2-PIN10 2.65mm=0.83mm 0,0.3,0.6,1,2,3,3.6,4,5,5.5 1k-3G
PVIN-LX PIN2-PIN11 2.6mm=0.3mm 0,0.3,0.6,1,2,3,3.6,4,5,5.5 1k-3G

LX-PGND PIN11-PIN10 0.5mm=0.1mm 0,0.3,0.6,1,2,3,3.6,4,5,5.5 1k-3G
X Frequency depends on equipments

Typical Application Circuit

cf.) https://www.e-devices.ricoh.co.jp/en/products/power/dcdc/rp510/rp510-ea.pdf

Copyright®© JEITA SD-TC All Rights Reserved 2019
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Impedance measurement and equivalent circuit

RPS10L004N-TR-A_PVIN-LX_pin02-pin11_V400_20190219T155257 RPS10LO04N-TR-A_2_LX-PGND_pin11-pin10_V500_20190219T165129 RPS10LOO4N-TR-A_PVIN-PGND_pin02-pinl0_V400_20190219T152406
RLC4:R0=0,001,L0=3 81938e-10,C0=3,19275e-10,A1=0.238486,R2=9330.4 RLC4:R0=0.00129837,L0=5 94311e-10,C0=2 31672¢-10,R1=0.28875,R2=56.1262 RLC4:R0=0.663538,L0=1 86253e-10,C0=1 857082-10,R1=0,00560028,R2=1 875!
Rireq[Hz]:4.56¢+408 Rireq[Hz]:4.21e408 RffeqlHz]:8.17e+408

06e+07

freq[Hz) freq[Hz] freqlHz]

PVIN-LX impedance LX-PGND impedance PVIN-PGND impedance

PVIN-PGND  0.19 186 0.66 1.87e7
PVIN-LX 0.38 319 0.24 9339 Series cap. PVIN-PGND
LX-PGND 0.59 232 0.29 56.12 134pF 186p-134p=52pF

R2

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019 Page7

Capacitance description in IBIS format

Specify the measured caps as C_comp_pullup, C_comp_pulldown
in the IBIS format.

[Model] bbb

Model_type I/0

Polarity Non-Inverting

Vinl =.72000000

Vinh = 2.88000000

Vmeas =1.80000000

|C_comp 5.53197e-10 4.65065e-10 7.07186e-10 | CDL
C_comp_pullup 319e-12 NA NA | Measurement
C_comp_pulldown 232e-12 NA NA | Measurement

In case that large discrepancy appear in the total capacitance, need to regenerate IBIS
model adding supplemental capacitance to the spice netlist.

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019

Page 79 of 104




Asian IBIS Summit 2019, Tokyo, Japan

Agenda

Measurement settings and results

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019

Measurement circuit construction

Evaluation board

. Vout load
=0 @Open
22.2Q

Cavn ==

0.01pF

laad
LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019 Page10
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Power supply ~ °
Cu Styrofoam : t=50mm—+—— aS LISN _ 60
| ' -
L PVIN £ o
S;PSSPITC. ﬁiﬂ}_ Substrate ( ) g 50
w1 Q
(3.6V) A _:' LISN % 24100 Nl
z
Stabilized power supply, ~ 12¢m wire 20
LISNGND connect to Cu 2140
plate 0.1 1 10 100 1000
Measurement equipment inside shield Freq.[MHz]
b S— M t >
cas. por 4 Openload [ —
G o T o3 2.2Q load
220F = bl
o 2
L =)
B g1
S22, , |
o ] b
o.mpFT -
4E-7 5E-7 6E-7 TE-7 8E-7 9E-7
Time[s]

beed I
LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019 Page11

Measured LX waveform

=

Vour
G el
22uF Rﬁa‘" 3 J-

Coumt | Caura
2F | 220F

g
1

Dead time appears in LX waveform
with resistive load

W

Cam

0 D1pFT |
&

. Open load
LX rise 2.2Q load LX fall

5 5
= @ !"Tﬂrv-__ = 4 A
> 3 > 3 —\
7 V4 3, A\ [ | |
8 / g 1 \
= / = \

et o T

S N S0 7

=) -2

-4E-8 -2E-8 OE+0 2E-8 4E-8 1E-7 2E-7 2E-7

Time[s] Time[s]
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Agenda

« Simulation results and comparison with measurement

LL P @ Copyright®© JEITA SD-TC All Rights Reserved 2019

Printed circuit board model

Modeling printed circuit board by electromagnetic analysis

-

PVIN

PGND Reference for power supply port is Cu plate located 5cm below

Copyright®© JEITA SD-TC All Rights Reserved 2019 Page14
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Simulation results vs Measurement

The difference between simulation and actual measurement is very large

M ll?M 10?M 16
B

R A

Bcond4
-60db
_160db Sim

Open ot

-100dy

BEFFT.19)v(meas_pvin0) £ 1 | H -404HdB20)
Bcondl

M 4

WN“N"J uu.' XYY .4.._ |4

-60db

-80db
Resistive load j‘:;‘;: |
it
-160db

v -VIBO(IHJ . . . . . :
0 (log) 1M 10M 100M 1G
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Simulation results: Open

Large ringing appear in the simulation results unlike measurements.

e . lDPSu i . § . lD‘ W . § . lﬂ‘lsll .
IBIS input ]
LX ’lrf\fww._,_____..._.. j\\f\\
(DCDC converter output) \
Meas. \,»
ot W Sim
LISN power supply o ' :
A T I T A—
. 100m v
|
By g j:""j {w"l DCDC power supply current
Resonance current L. i el ”
AT “{\!‘-:x‘ Y000

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019 Page16
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Simulation results: Resistive load -

S xdcdeviim

IBIS input

Sviul_ul_ix group_ul_gnd_g
NG Cord oo iom

LX

au vin0)
BEQN xshiftBlipvin,

LISN

B adcdeadediiveca)
Sxanlifcl)

Resonance
current

€ond1, 10us 2119

power supply

Large ringing appear in the simulation results unlike measurements, as well.

e, L W e NN, W, W L ‘“?;%esonance current path
Jam\mmm l
. C . . . . . . .
s Dead time is reappeared in the simulation. Ringing caused by
; \/YI resonance current
. | path through
| , Meas. \j G PVIN,PGND,CIN
i Sim e
.;uom«m)
3 00m
100m A
AL A 1y I f\&/ N
ok L4 MN“ v
-200m
1M I Sim:PVIN current
” '\ . Sim:CIN current

Dependence on Rising/Falling Waveform, composite current defined in IBIS

Resistive load

R - . S - U R ) - . B . 1025
@ xdede.v(in) 13 (lim} |
, ‘:‘&
IBIS input |
e e T A | <™
Meas
Sim
LX
El EEE( EA}E“S ;rnq e IBIS:Waveform o
BECH a4 oabing Ve ‘T,b L IBIS:Composite Current 1
= Sim:PVIN current
) soon
o)
S i
= U
(@] ) o
> J
|
il ~500m(
o —i |
) din) bosu b — 1005 1010 T T 0o 0k
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(V)uaungy

Appears if ringing
caused by
Composite Current
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Changing Rising/Falling Waveform, Composite current

Make Ccomp external, Composite Current 0A, and Waveform simple rise/fall, respectively

[Rising Waveform] [Falling Waveform]
R_fixture = 1000000 R_fixture = 1000000
V_fixture = 0.000 V_fixture = 3.6
V_fixture_min = 0.000 V_fixture_min = 3.2
. m V_fixture_max = 0.000 V_fixture_max = 4
time V(typ) V(min) V(max) | | time V(typ) V(min) V(max
Ccomp -> external } (typ) V(min) V(max) } (typ) V(min) V(max)
0000 036324
P P TN 10e-9 000 106-9 3.6 324
’ N 1 2069363240 2069000
! 1 4069363240 4069000
1 " | | [Composite Current]
I 1 h [Composite Current] | time I(typ) 1(min) I(max)
I [l \ | time I(typ) 1(min) I(max) 0000
| 11 == G.eomp_pullup 109000 2069000
| " \ L 2069000 4069000
, 1 4069000 |
| N ! [Rising Waveform] [Falling Waveform]
- X T R_fixture = 1000000 R_fixture = 1000000
| N 1 V_fixture = 3.600 V_fixture = 0.000
N 1 V_fixture_min = 3.200 V_fixture_min = 0.000
! 1 V_fixture_max = 4.000 V_fixture_max = 0.000
1 : : | | time V(typ) V(min) V(max) | | time V(typ) V(min) V(max)
| E -
] " C;_comp_pulidown Resistive load booo bssasa
I " | 10e-9 000 106-9 3.6 324
| " \ 2069 3.63.24.0 2069000
\ n 4069363240 4069000
N 70 ! | [Composite Current]
______ LY B [Composite Current] | time I(typ) 1(min) I(max)
| time I(typ) 1(min) I(max) 0000
0000 10-9 000
) 10-9 000 2069000
2069000 4069000
IBIS 1/0 Model |

ILPB
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Resistive load: Dependence on Rising/Falling Waveform, Composite current

Waveform ?

p9sw, N pw W e 10 PVIN currentl C_comp_pullup
xdedcviny ods™ y current
. 600m
IBIS input | ™" #
aviu n_m_!maioup(_nuilﬁ_frg Larou) | 6-(lin) i i i i
SO RB ndt0cs . ‘nglng still emsts' Meas.
4 iAo Sim o] Iid
: ] J 4{ comp_pulldown
LX 5 1
1 >
o PGND currentl T
X :
it 3500 IBIS:Waveform L
oy | * ] IBIS:Composite Current O
il 2= | PVIN current+C_comp_pullup current | | ol S
“Ie ‘ T o 3
o) s ! 200m 3
T, B P g
= 2o
= ;
Sl | PVIN current | -1 Z
5 N ™ \ C.comp_pullup current
Bxdede dede itvssa) 2 1 \i C_comp_pulldown current
£ bon g PONDOUIOOL Is the dead time
A R Ars— e i
o nf_—‘m];g\] A2 ! | transition time of
S |
(@]

timefsec) Qin) Sesu’ T b T Tk T T T o T ks T W T ks
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Confirm if the dead time is transition time of Waveform

4 4 —
Adjust transient time of Falling Waveform to the measurement vn o4 C_comp_pullup
2.95u, 7 T L e 2 ] . 10050 { . . 10w | 3 : . 0)5u 5 3 L 10
axd 5 I lin)
o T | -

BEQN.xshift OJLX_cond1,10u+21.19n)|
BEQN.xshift G7|case03_nsing_Vityp)
B EQN.xshift(43|case07_faling_Vi(yp)| 5

Meas.:LX T

Sim:LX 4{

IBIS:Waveform 1
PGND l T

curremnt

Transition time of
Waveform becomes
the dead time.

wn

H

W

4

o
Iid. X
8 xdcde. xdedc. o {F]  8lain)
axdedendedeum 7 | PVIN current
i 2 C_comp_pullup current ‘
dcde. xdedc. i
Brdedrdede NSy 31 i A, C_comp_pulidown current i
o 2 PGND current I ‘
l!EQN‘42|)(dcd:.ltd(d(.ﬂu.lu)~42|)<d(d:l 1 (lin) PVIN current+c com U”U CUrrer‘It
BEQN 42 xdede xdede itcdowns 20| s o0y o | P_p p |
pd Y A e et *""‘"""""""\‘r\ |
P T 7 W PGND current+C_comp_pulldown current, "\ —
TIME(sec) din) ‘E.BSU 1‘0\1 lu.'D'Su 1?)‘,—iu lll.llsu l(l'Zu 1U_}Su
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Agenda

Discussion
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Discussion: Load current path and resonance current path

?.95u lPu 10.05u 10,1u 10.}Su 10,2u 10.2
d 1 1 L 1 L 1 L I 1 L L 1 I 1 L L 1 1 L 1 1 I 1 L L 1

6 (lin)
5 SimiLX 3
3 Meas.:LX 'U%AUHV"V-"“ “]
2
5 & ' @— D
-1 i : -
Resonance current path ~ Load current path
—m R | ¢ o — Y | ¢ o —

1
> LX i #ﬁ __LXM #L S TLX
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A
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|
1L
B
S
Fw
i
L
™
L

I

Discussion: Cause of the ringing

PO, . 598, . .09%w, , ,  Mu, ., 0P, , , IO , , 10p, , , 10PW, , , 10¢y
1 (in) : 3
e | IBIS input

(1}

6 in)

e Rapidly changing current
s PN 1] C_comp_pulp | by turning on PMOS
causes large ringing.

2 4{ wn
; I z IBIS:Rising Waveform
PaND || I Meas.:LX
0— current Sim:LX
= 5
& (im) PVIN-current
5 b
2 . C_comp._pullup current | -
P ) C_comp_pulldown current
. PGND current
10in

PVIN current+C_comp_pullup currer;%__/\/‘\v//\v/—\_g:\v/—‘ =
-500m PGND current+C_comp_pulldown curren -

9970 ' '998u’ "9g9u" " 10u "10.010" " Tw0020" 7" 10030”7007 T1004d” 7" 10.054
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Agenda

« Summary

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019

Summary

* Trial to simulate CISPR25 for IBIS described DCDC

» Discrepancies from measurements in high frequency
range

v Possible source of error in the simulation:
Large ringing induced by instantly switching MOS
transistors

« Mitigating unrealistic transitions is considered to be a
dominant solution.

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019 Page26
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Possible improvements

* Retrieve Waveform and Composite Current in IBIS by SPICE
simulation adjusted the load conditions

2EQ/2UK algorithm Vavaveform()

Ku(t)*Iu(V)

V_fixture

C \:mnT IL‘ fixmre

GND GND

Kd(n)*1d(v)y

0 = Ku(t) * Tu(Vwim1(t)) + Ipe(Vwimi(t)) - Kd(t) * Id(Vwimi(t)) - Ige(Vwimi (1)) - Idie(Vwimi(t))
0 = Ku(t) * Tu(Vwim2(t)) + Ipe(Vwim2(t)) - Kd(t) * Id(Vwim2(t)) - Ige(Vwim2(t)) - Idie(Vwim2(t))

» Obtain Rising/Falling Waveform and Composite Current
directly from measurement

LL P & Copyright®© JEITA SD-TC All Rights Reserved 2019
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W

IBIS-AMI & COM Co-design
for 25G Serdes

Asian IBIS Summit
Tokyo, Japan
November 8, 2019

Nan Hou, Amy Zhang, Guohua Wang, David Zhang, Anders Ekholm

AGENDA

W

* Traditional IBIS-AMI

* COM Overview

» IBIS-AMI Co-design with COM for 25G
* Two example channels

» Co-simulation Conclusion

* Next Steps
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AGENDA z
* Traditional IBIS-AMI
IBIS-AMI OVERVIEW z

+ IBISis Input/output Buffer Information Specification

« AMI stands for Algorithmic Modeling Interface

* Analog model: drive strength/amplitude, rise/fall time, impedance

» Algorithmic model: Equalizer (CTLE, FFE, DFE) , clock data recovery

End to End Channel

Analog channel

TXEQ @ X e LT RX o R
(Algorithmic) — (IBIS) Package nterconnec Package ¢ Gl
gorithmic (PCB, cable..) (IBIS) Algorithmic

(dln) (dl

Page 4 (29)
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— =
IBIS-AMI FLOW z
Network Characterization
r—+_j‘
Analog X RX Statistical : <> :
Channel | EEEE) \A/\,.,‘ EQ -'EQ @ o |
Analog Channel o
Pulse Response Statistical
TX(Init) RX(Init) tatistical Eye
®
- Time
Bit TX RX .
Sequence |NENEp/| - EEmm——)| - Emmm) Domain
Analysis
TX(GetWave) RX(GetWave) Persistent Eye
Page 5 (29)
— =
AGENDA z

e COM Overview

Page 6 (29)
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W

COM OVERVIEW

The Channel Operating Margin (COM) is a figure of merit for a channel derived from a
measurement of its scattering parameters

COM is related to the ratio of a calculated signal amplitude to a calculated noise amplitude as
defined by Equation

FOMZEDog s N L

Where Asis the signal amplitude, Anis the noise amplitude

COM has been adapted by various standards:

+ IEEE802.3 An (Peak BER Noise) = As- Peak BER Height
* OIFCEL

» JEDEC 204C

Page 7 (29)

W

COM FLOW

Sweep

[s] Create
>
Channel PR

Jitter Peak BER Height

; ‘ Noise L
ol H ol H Tx &Rx [

NEXT FEXT

Noise \
Create
PR
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COM CHANNEL TRANSFER FUNCTION

-
=
TxFFE —> Tx »>— Channel —— RX ~»— CILE —> DFE
H(f) = Hrx(f) X Hrxppe(f) X Hepn(f) X Hre(f) X Hpxerre(f)
..... e — g - O
I T ( ST =S e, -tk =1-n) . 1:]”’" Single Bit Response
i e -
] ,‘I‘J Hylf = E:__lrmexp(—_ﬁt(!fl\q‘fr'f_,u
L Np
e J/l\-l - \ E
B — Bz
Tx FFE Rx CTLE Rx DFE
Page 9 (29)
COM OPTIMAL EQ SETTINGS Z

* COMis afigure of merit (FOM), which calculates the ratio of peak signal level to the peak noise level
at the receiver sampling latch, comprehending device Tx characteristics (i.e., driver filter, FFE filter,
package S-parameters), channel characteristics (i.e., S-parameters) and receiver characteristics (i.e.,
Rx filter, CTLE filter, package S-parameters and DFE)

» Determine optimal equalization settings

* Anexhaustive search for the best SNR used as a FOM for finding the best FFE and CTLE setting
*  FFE and CTLE are optimized jointly
* The DFE s only used to gate the SBR

A — peak signal amplitude
, Oy - transmitter noise
As Oyg; - residual ISI
FoM = 1010910(0%)( +ok +of +ok + 013) o, — jitter contribution to amplitude noise
oy — peak crosstalk
oy — spectral noise at the ouput of CTLE

Page 10 (29)
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AGENDA z
» IBIS-AMI Co-design with COM for 25G
IBIS-AMI COMBINE WITH COM z

* Can we use COM to evaluate the channel margin in early design phase of a project?
e Are the COM recommended equalization parameters suitable for the Channel?

* How can we combine the advantages of COM with IBIS-AMI?

Page 12 (29)
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~0)-C ACCC =z
25G CO-SIMULATION PROCESS z
» Extraction of passive S parameter model of the simulation channel
* Use S parameter to do COM simulation
» IBIS simulation using COM recommended EQ parameter
» IBIS simulation to sweep EQ parameter
» Comparing the eye diagram in time domain
— -
AGENDA z

* Two example channels

Page 14 (29)
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CASET-SIMULATION TOPOLOGY z
Simulation Topology Configuration
* Signal Rate: 25Gbps
* PCB Material: Mid-loss FR4
* PCB Channel Length: 20 cm
X RX
COM SIMULATION CONFIGURATION z

|\

Page 16 (29)

Table 93A-1 parameters
Parameter Setting Units Information
fb 24576 GBd
_min 0.05 GHz
Delta_f 0.01 GHz
cd [2.5e-4 2.5e-] nF [TXRX]
2_p select (12) [test cases to run)
z_p (TX) [12 30] mm [test cases]
2_p (NEXT) 11212] mm [test cases]
z_p (FEXT) [1230) mm [test cases)
2_p(RX) (12 30) mm [test cases)
cp (1.8e-4 1.8e-4] nF [TXRX]
RO 50 ohm
R d [55 551 ohm [TXRX]
fr 0.75 *fb
<(0) 0.62 min
¢(-1) [min:step:max]
1) [min:step:max]
g OC d8 [min:step:max]
fz GHz
fp1 GHz
f p2 GHz
Av v
A fe v
A_ne v
L
]
Nb [ Ul
b_max(1) 1
b_max(2..N_b) 1
sigma_RJ 0.01 Ul
A_DD 0.05 Ul
eta 0 5.206-08 VA2/GHz
SNR_TX 27 d8
R_M 1
DER O 1.00E-12
|
COM Pass threshold 3 ds
Include PCB I [) [ togicat |

Table 5:A"C2 parameter
Parameter Setting Units
package_tl_tau 6.141€-03 ns
package_tl_gamma0_al_a2 | [01.734e-3 1.455¢-4]
package_Z ¢ 78.2 Ohm
Table 92°C12 parameter
Parameter Setting
board_tl_tau 6.191€-03 ns
board_tl_gamma0_al_a2 [04.114e-4 2.547e-4]
board_Z ¢ 109.8 Ohm
z_bp (TX) 151 mm
z_bp (NEXT) 72 mm
z_bp (FEXT) 72 mm
2_bp (RX) 151 mm

All parameter come from TEEE 802.3bj
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COM SIMULATION RESULT

20 Chanel Compiiance Chcier Revl. - [Singile Mode]
Single Bawch Help Exit
Complance Chack

S parameter Selecton

CAXG_20cmsdp Biowsa

Stancarg Sebecton i E] : 1 B 3 [ R coM

.

CEIGAR > i 0 E] T 7] Gunerate Ruport Fun Chack

Rt Virwer

Chack bem

E0Ta
TXLE _ps 101208008
CTLE_OC,_gan_ a6 5
OFE Taps: “zeeostd

(Compiiance Check for Singie
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W

Insertion Loss

5 10 15 20 25 30
Franiuanm: iGH21

Return Loss

SDD11, SDD22(dB)

0 5 10 15 20 25 30
Frequency (GHz)

IBIS-AMI SIMULATION WITH COM

W

RECOMMENDED PARAMETER

\'

0.0 - L&
-0.2 *
PA\ = A\
; -f'-r':? . i d
0.4 - -t
DT T T T T
0 10 20 30 40 50 60 70 80

time, psec

Eye Diagram after RX EQ

Page 18 (29)

index Width Height

0.000 2.780E-11 0.289

EQ Parameters: COM Recommend
TX: C(-1)=-0.12
C(0)=0.8
C(1)=-0.08
RX: CTLE=-5
DFE off
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IBIS-AMI SWEEP PARAMETERS RESULT =
Eye Height & Width
0ss COM recommended EQ
. parameters produce an
e " . * . g . acceptable eye opening, but
oz e e possibly less optimal than the
o o o ’ . e . : eye opening obtained by
S ERE T g, ) ¢ ., . time domain simulation
v ", e E e ; T.e . Sweep parameter:
s — TX: C(-1).C(0).C(1)
L . Y B g . RX: CTLE
o 10 20 S0 0 7 Total case: 80
*Everght () * Eewidth - 1/1ens) Time Domain Simulation
In the red circle is COM recommend EQ parameters
Page 19 (29)
CASEZ-SIMULATION TOPOLOGY z

Simulation Topology Configuration

» Signal Rate: 25Gbps
* PCB Material: Mid-loss FR4
* PCB Channel Length: 60 cm

b

X RX

Page 20 (29)
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COM SIMULATION RESULT

Compliance Chack
Sparameter Selecton

Cis 34p

Standard Selecton | 2 :! S [~] Runcom
Sl = e
CEFEGAR v 3 7 7 r

[] Generate Report

@®
®

Result Viewer
Check hem

Plot

EQTap

TXLE_taps: 1018074 008 =
CTLE_DC_gain_d8: -12

DFE Taps.

10.50272418380154.0. 0414188816361
097-0014323633127474:

0000336435 104533833.0.0073737064.
471256.0 0112097846969935.0 016993
32157527060 01465728380 13608001
47587713052646:0 012691 1477889612
00110415975235017.00112299536603
352.0 0084968 19966452460 00854543 v/
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Insertion Loss

SDD21 (dB)

0 5 0 15 0 25 0
Frequency (GHz)

Return Loss

SDD11, SDD22(dB)

Frequency (GHz)

W

IBIS-AMI SIMULATION WITH COM
RECOMMENDED PARAMETER

-
0.2 ". "I
P =3 = '

voo__ " o~ "é

01 =) < -

03

LI I I I L L L

0 10 20 30 40 50 60 70 80

time, psec

Eye Diagram after RX EQ
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index ...fobe1 Height) | ..Probe1.Width)

0.000 0.109 2.100E-11

EQ Parameters: Use COM Recommended

W
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IBIS-AMI SWEEP PARAMETERS RESULT

Eye Height & Width

Sweep parameter:
TX: C(-1),C(0),C(1)
. I . o RX: CTLE&DFE
o . e s besss ssessessses s ae w Total case: 100
Time Domain Simulation

® Eye gt (V) ® Eyewidtn (1/10ns)

In the red circle is COM recommended EQ parameters

Page 23 (29)

W

‘O
COM recommended EQ
parameters produce a good
time domain eye diagram

CO-DESIGN SIMULATION FLOW

Build Simulation
Topology

Extract Channel

S parameter
Run COM
Simulation

Result PASS

Optimize

Channel

No

Use COM simulation to optimize
total transportation channel

Yes
Run IBIS-AMI
Simulation
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AGENDA z
» Co-simulation Conclusion
CO-SIMULATION CONCLUSION z

+ COM enables passive channel evaluation of high-speed signals at early design phase
+ COM recommended EQ parameters are suitable for same channel in time domain simulation

* COM simulation is faster, making them more suitable for the post-layout phase of large designs
to sweep EQ parameters

Page 26 (29)
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AGENDA z
* Next Steps
NEXT STEPS z

* Model crosstalkin actual link

» Co-simulation for 56G PAM-4

* Accuracy of IBIS-AMI model

 Correlation of Co-simulation with measurement

Page 28 (29)

Page 103 of 104




Asian IBIS Summit 2019, Tokyo, Japan

\

Page 104 of 104




