Asian IBIS Summit 2011, Taipei

WELCOME FROM MICHAEL MIRMAK, INTEL CORPORATION

On behalf of the IBIS Open Forum, I would like to welcome you to our second Asian
IBIS Summit in Taipei. Our first Summit last year was highly successful and we pleased
to be able to return to Taipei to see our IBIS friends again.

We are grateful to our generous co-sponsors for their assistance in making this event
possible and hope that you will encourage them to continue their support. Our thanks
also go to our presenters and to you, the attendees, for your interest.

The IBIS Summits are only a part of the regular activities of the IBIS Open Forum. You
are invited to participate in all our efforts, including through e-mail discussions and by
pursuing Open Forum membership.

We hope that you enjoy the Summit and find the presentations and discussions useful.
We wish you luck and success.

- Michael Mirmak
Chair, IBIS Open Forum
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WELCOME FROM SOGO HSU, FOXCONN TECHNOLOGY GROUP

Welcome to the second annual IBIS Summit (Taipei). On behalf of the Foxconn
SRDTDC (Server Research and Development Technical Development Committee) and
Cloud Engineering Service Pool/CESBG, thanks IBIS Open Forum and all the sponsors
to make this meeting possible. Wish another successful IBIS Summit in Taipei.

The Greater China area has become the most densely populated area in the world. It also
means opportunities for many emerging technologies. In the past few years, cloud
computing is the most focused subject of the ICT(Information and Communication
Technology) industry including servers, networking products and handheld devices. With
the dense ICT supply chain clusters in this area, the second annual Asian IBIS Summit
(Taipei) will help the connections between Taiwan industries and the global science and
technology development. I believe that we will contribute more with our advanced
technologies in the future.

With increased Signal and Power Integrity concerns in modern high-speed product
designs, more and more engineers pay attentions to IBIS Open Forum and its standard
specification developments. As a dominant ODM supplier in the server/storage area,
Foxconn Technology Group will continue to pay close attention to well construction of
IBIS standard and the latest technology developments to ensure our high reliability of
the products. Looking forward to this summit, we can discuss, exchange with all the
participants for advanced technologies and the latest developments in IBIS.

Wish all have a fruitful meeting!

Shou-Kuo Sogo Hsu, Ph. D.
Foxconn Technology Group.
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AGENDA AND ORDER OF THE PRESENTATIONS

(The actual agenda might be modified)

10:05

10:25

10:55

11:25

12:00

IBIs SUMMIT MEETING AGENDA

REFRESHMENTS & SIGN IN
- Vendor Tables Open at 8:30

Welcome
- Sogo Hsu
(Foxconn Technology Group, ROC)
- Michael Mirmak
(Chair IBIS Open Forum, Intel Corporation, USA)

IBIS Status and Future Direction coe .
Mirmak, Michael (Intel Corporation, USA)

IBIS Parsers Ce e e e e e e e e e e e
Bob Ross (Teraspeed Consulting Group, USA)
BREAK (Refreshments and Vendor Tables)

Power Aware Features of IBISv5.0 - Accuracy and Challenges
Vipul Pursottam Patel, Prabhat Ranjan, and Richa Ahuja
(STMicroelectronics, India)

Modeling the On-die De-cap of IBIS 5.0 PDN-aware Buffers
Lance Wang* and Randy Wolff*x*
(*I0 Methodology, and **Micron Technology, USA)

Power-aware I/0 Modeling for High-speed Parallel Bus
Simulation
Jack W.C. Lin#, 2ZuLi Qin##, HaiSan Wang##, and
Raymond Y.Chen### (Sigrity, #ROC, ##PRC, ###USA)

FREE BUFFET LUNCH (Hosted by Sponsors)
- Vendor Tables
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Asian IBIS Summit 2011, Taipei

AGENDA AND ORDER OF THE PRESENTATIONS (Continued)

Board-only Power Delivery Prediction for Voltage Regulator . . . . . 46
and Mother Board Designs
Jianggl He# and Y.L. Li## (Intel Corporation, #USA, ##ROC)

Supporting External Circuit as Spice or S-parameters in . . . . . . 61
Conjunction with I-V/V-T Tables

Kent Drumstad*#, Adge Hawes*##, Taranjit Kukal**###,

Feras Al-Hawari**#, Ambrish Varma**#, and Terry Jernberg**#

(*IBM, #USA, ##United Kingdom,

**Cadence Design Systems, ###India, #USA)

BREAK (Refreshments and Vendor Tables)

T-Coils and Bridged-T Networks . . . . . . . . . . . . . . . . . . . 15
Bob Ross (Teraspeed Consulting Group, USA)

Concluding Items

END OF IBIS SUMMIT MEETING
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IBIS Status and Future Direction

& —
Michael Mirmak BER
Intel Corp. ERELNT
, ,s Chair, IBIS Open Forum  IBISZEE®XE
o

Asian IBIS Summit (Taipei) &db IBIS KT &
November 21, 2011 2010511 A21 8
Agenda

» |BIS as Organization and Standard
» IBIS 5.0

» Touchstone 2.0

» IBIS-ISS 1.0

» Timeline for Changes

» Call to Action

2011 Asian IBIS Summit (Taipei) 2
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Specifications and Technologies

» |BIS: both an organization and a standard
* |BIS — /O Buffer Information Specification
— Version 5.0 today (includes IBIS-AMI support)

* Touchstone 2.0
— Ratified April 2009
— TSCHK2 parser also offered

* |IBIS-ISS: Interconnect SPICE Subcircuit
— Version 1.0 ratified October 2011

2011 Asian IBIS Summit (Taipei)

IBIS Specification Direction

* 5.1: Clarifications and Style Improvements
— New, more readable format

— Significant changes to IBIS-AMI
* Version control, plus clarifications to clocking, tables, crosstalk

— Support for weak tie-up/tie-down definitions
— Clarifications to [Composite Current]
— Fixes to EBD format
— Fixes to [Test Data] and [Test Load]

* 5.2: Major features, still under discussion
— Support for repeaters
— Links to IBIS-ISS, Touchstone

— C_comp clarifications
2011 Asian IBIS Summit (Taipei) 4
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Touchstone 2.x

» Description/format for network parameters
— Primary use in industry is for S-parameters

— 2.0 introduces mixed-mode support and per-
port impedance

» Touchstone 2.1/3.0 Approved Changes
— Sparse Matrix format
— Binary file representation (compression)

» Change under discussion
— Support for explicit port-node mapping

2011 Asian IBIS Summit (Taipei) 5

IBIS-ISS 1.0

* Interconnect SPICE Subcircuit Specification
» Universal SPICE format for interconnects
— Packages, cables, connectors, traces, etc.

» Basic SPICE elements supported
-R, L, G, C, some sources

* Supports Touchstone, W-element data
— Both frequency and time domains supported

Long-term successor to PKG, EBD, ICM

2011 Asian IBIS Summit (Taipei) 6
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Timeline for Changes

* IBIS5.1
— Expecting changes to close by end of 2011
— Draft complete and in approval cycle in Q1’12

* Touchstone 2.1
— Q1’12 for approved changes

* Touchstone 3.0 & IBIS-ISS 1.0
— Does IBIS-ISS resolve port-node mapping issue?

Key challenge:

smoothly linking all three specifications

2011 Asian IBIS Summit (Taipei) 7

Call to Action

* For tool vendors...

— Are you planning to support these
Improvements?

* For system designers

— Can you use these to improve your design
margins?

» For IC vendors
— Can these help you better specify your devices?

Please become familiar with the

specifications and provide feedback!

2011 Asian IBIS Summit (Taipei) 8
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For More Information...

* |IBIS 5.0
— http://www.eda.org/ibis/ver5.0/
* |IBIS-ISS 1.0
— http://www.eda.org/ibis/ibis-iss _verl1.0/

* Touchstone 2.0
— http://www.eda.org/ibis/touchstone ver2.0

2011 Asian IBIS Summit (Taipei) 9
2011 Asian IBIS Summit (Taipei) 10
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IBIS

IBIS Parsers

Bob Ross
Asian IBIS Summit
Taipei, Taiwan
November 21, 201 |

bob@teraspeed.com

(Previously given at Asian Summit November 15, 2011)
TERASPEED
© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Page |

Presentation Topics

* ibischk5
— Operation
— Spread sheet for messages
— Some new checks

* tschk2
— Operation
— Messages

* Conclusions

TERASPEED
© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 2
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“ibischk5”’ Parser

* |bischk5, Version 5.0.7
— Free executables: http://www.eda.org/ibis/ibischk5/
— Supports IBIS Version 5.0 (ratified 2008)

* Algorithmic model interface for Serdes analysis
* Power delivery system SSO and gate modulation
* EMI parameters

* Other — (area based thresholds)

* Checks all [IBIS Ver]s of IBIS files
— (1.1,2.1,32, 4.2, 5.0)
Over $114,000 of contracted work since 1993

Supports .ibs, .pkg, .ebd, and .ami formats B

— directly or through linkages from top level file TERASPEED

Page 3 © 201 I Teraspeed Consulting Group LLC CONSULTING
GROUP

New Flags in ibischk5

Usage: ibischk5 <IBS filename>

: ibischk5 -ebd <EBD filename>

ibischk5 -pkg <PKG filename>

. ibischk5 |—ami <AMI Filename>
Usage: ibischkb ™—taotciom-numpered <IBS filename>
: ibischk5 -caution|-numbered febd <EBD filename>

ibischk5 -caution|-numbered |-pkg <PKG filename>

ibischk5 -caution|-numbered Fami <AMI fTilename> |
The flags prior to the filé name can be iIn any order,
and the -caution and/or -numbered flags are optional.

* —ami for <file_name>.ami (algorithmic model
interface control file)

* —numbered for numbered Error, Warning,
Notes and Caution messages

TERASPEED

Page 4 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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ibischk5 {~-numbered} —ami file4.ami

Checking file4._ami for IBIS 5.0 Compatibility...

ERROR | Illegal Usage value A specified T
ERROR
ERROR | Illegal Format value C specified for Paraml
ERROR | No Reserved_Parameters found

Paraml
Illegal Type value B specified for Paraml

Errors :© 4

le Failed

Checking file4_ami for IBIS 5.0 Compatibility...

E4627 | Illegal Usage value A specified T
E4627
E4627 | Illegal Format value C specified for Paraml
E4622 | No Reserved_Parameters found

Paraml
Il1legal Type value B specified for Paraml

Errors :© 4

File Failed

TERASPEED
Pages >TSS TS ToT CONSULTING
GROUP
[ ]
New: Message Number File
: g
(1155 unique message strings)
1 Number Symbol in Code it Parameters Comment. Category Clasification
100 MDL_ERR_0 |Unable to Allocate Memory: %s3d  filename, line The code failed to allocate memory in <filename=at  Internal Error E
2 number <linenumber>
3| 101 MDLERR1 |UnabletogetiBiS structure Program data structures are corrupt Internal Errar 3
4 declaration
103 MDL_ERR_3 |lllegal Digital Port <35> (not allowed portname Improper use of Digits| port <portname Errorwith IBISfile Line number E
5 in SPICE Ports section)
6 (D_drive,D_receive,or D_enable) in
7 Ports/A2D/D2ASection
8 106 MDL_ERR_€ Reserved Digital Port <Ms>usedas  portname Improper use of Reserved Digital port <portname> Error with [BIS file Line number E
107 MDL_ERR_7 Orphan data line keyword. ‘AModel related data line was found where nenewas  Error with |BIS file Line number E
9 expected
10| 108 MDL_ERR_E |TTgnd Typical value should be >0 Improper TTgnd typical value Errorwith [BISfile Line number E
11| 109  WDLERR9 |TTzndMinvalueshouldbe>0 Improper TTgnd minimumvalue Errorwith 18IS filz Line number 3
12| 110  MDLERR_10 |TTznd Maxvalueshouldbe>0 Improper TTgng maximum value Errorwith 18IS filz Line number 3
13| 111 MDLERR_11 |TTzndtypvalue s notin between Improper range for TTgna warning w
14| 112 MDLERR 12 |TTpowerTypical value should be>0 Improper Tpewer typical valus Ervor with BIS file Line number 3
15| 113 MDLERR 13 |TTpowerMinvalus shouldbe >0 Improper Tpower minimum valus Ervor with BIS file Line number 3
16| 112 MDLERR 18 |TTpowerMaxvalue should be>0 Improper TTPower maximum value Ervor with BIS file Line number 3
17| 115 MDLERR 15 |TTpower typualue is notin between Improper range for TTPower Warning w
116 MDL_ERR_1& |[Medel Spec] should be specified Improper positioning of [Model Spec] Errorwith [BIS file Line number
18 subparameters of a model and
117 MDL_ERR_17 |[Receiver Thresholds] should notbe modeltype Receiver thresholds are not allowed for a ‘Warning with IBIS file Line number w
19 specified for mode! type ss - is not an Input or -
118 MDL_ERR_18 |[Add Submodel] should be specified Improper positioning of [4d Submodel] Errorwith IBISfile Line number E
20 before ther keywords for s model
parameter/keywo defined for <modelnames
21 rd, modelname
120 MDL_ERR_20 |[ReceiverThresholds]should be Improper positioning of [Receiver Thresholds] Errorwith IBISfile Line number E
22 before the other keywords of 2
23 axpected
TERASPEED
Page 6 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Message Columns
(for documentation and sorting)

Number (printed message number)

Symbol in Code (by module grouping)

— Example: ALGMODERR_25 (message 25 of 36 AMI
module messages)

Message String (all unique message strings)
Parameters (if applicable for printed % arguments)

— For line numbers, keywords, subparameters, etc.
* Comment (brief description)
» Category (Error, Warning Notes, Caution, etc.)
* Classification (E, W, N, C added for easier sorting)z

TERASPEED

Page 7 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Recent ibischk5 Fixes

* dV of [Ramp] dV/dt_r, dV/dt_f Caution checks
— BUGI04, BUGI23, BUGI 30 (case-sensitivity crash)

— Can be used to find the exact dV values based on |-V
tables and specified ramp load conditions

— Calculated value reported if wrong value entered

* [Model Spec] timing test load entries
— BUGI22 for waveform crossing Vmeas test

* [ISSO PU] and [ISSO PD] table time entry mismatches
— BUGI 15, BUGI 16

— BUGI29 time alignment test from Error to Cautih

TERASPEED

Page 8 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Bug List for Filed BUG Reports
http:/lwww.eda.org/ibis/bugs/ibischk/

s

[ e N ey -

Py R ——

[ ———

IBISCHK Parser Issue Reports (BUGs)

Dase . P Drace.
L Titke Requester Sl Severity Prierity | Statm P riry
130 Progam Closwe wih Case. mors i Bamp | Lance Wang. 10 Methodology, Randy Wolf. Macroa Technology, October 14,2011 (SEVERE) (HIGH) {CLOSED)  {October 24, 2011}
5 b Rer, Termpend Condting Geomp
& fLance Wang T MODERATE MEDIUM [CLOSED Oictober 7.2011
Bioh R, Tesmpond Consaling Groap Mack 29,2011 [ANNOYING  MEDIUM (OPEN
 Squrins. [Bob Row, Termpend Conssking Groop Mach 13,2011 [SEVERE HIGH) (OFEN
[Wales Koats, 5508 md Bob How, Termperd Comsbing Geowp [Marck 9, 2011 MODERATE  HIGH  |[OFEN
(Wakes Katz, 5i508 mad Bob Rens, Trrmipend Connbing Geomp  [lwmiany 6, 2011 [MODERATE  B0GH JOPEN
Curss Clarke. Ammya, Inc Jwmary 4,301 [MODERATE  MEDIUM (OFEN
PRABHAT RANIAN, SThMicsoelecmonses Pu Lid [December 14, 2010 MODERATE MEDILM (CLOSED March 17, 2011

Sergey Nikcochik, Andrey Babitiey - Frocicale Semicondictor lac. [Ociober 9, 2010 MODERATE  MEDIUM CLOSED  |October 7, 2011

(At Agaroal. Adept Scftware Avmmrs Septrasber 1, 2010 (SEVERE MEDIUM (CLOSED _[November £, 2010
120 [Uinssed [Model Selector] Canon b s, Termpeed Consdbng Geomp [y 7,3010 [ENHANCEMENTLOW |NOTABUG
(109 [ s Tewt Minsimg Revdts with Ve 4 21 [Reb R, Teranpeed Conslng Groop 3ty £, 2010 SEVERE MEDILUM |CLOSED  [Nevember £, 2010
e p—
{198 [Vineas Check with Yersion 4.2 1 snd Beyosd {Bab Reria, Termpeed Consing Grosp {haly . 2010 SEVERE MEDILUM (CLOSED (Newember £, 2010
Fabar
117 [Debu Ervo with Missarg Pin Nusmbers mod Other — Hlob R, Tevmspend Conssling Groop and Ampad Murmni, Mentor [Jeoe 3. 2010 SEVERE MEDIUMCLOSED  [Febrssry 13, 2011
Condiony [Craplacs
18 0 PO Mismaich Chocky Sergry Nikonchek Andrey Babitaey - Froescale Semmcondictor bae [ Apr 22, 2010 SEVERE MEDILM /CLOSED  [Masch 17 2011 _:
O] |8 & ® 8 2Bl TG O-WRLE a0 wem = ED
Page 9 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

‘“¢schk?’” Parser

* Checks Touchstone Version 1.0 (TS1) and
Version 2.0 (TS2)

— Error and Warning numbers
— Free executables: http://www.eda.org/ibis/tschk2/

* Converts TSI to TS2, TS2 to TS| where practical
with -canonical® flags

* Provides comment headers and real, imaginary
format (RI) with -describe flag

* Source code package includes 440+ test cases
* C++, well documented
* Thanks to contractor Agilent Technologies

TERASPEED
Page 10 © 201 | Teraspeed Consulting Group LLC CONSULTING

GROUP
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tschk2 {-canonical*} FILE

* {-canonical | -canonical-v2}
— TSI, TS2 > TS2
— Provides number of ports, frequencies and other information
— Un-normalizes TSI Y-, Z-, G- and H-parameters and effective

noise resistance

* {-canonical-vl}

TSI, TS2 > TSI where practical

Applies column formatting rules and 2-port 21_12 ordering

Normalizes TS2 Y-, Z-, G- and H-parameters and effective noise
resistance

No mixed mode or selectable reference resistance processing

TERASPEED
Page | © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

tschk2 {-describe} FILE
(header comments, Rl format)

[Network Data]

'freq SlTre SITim SI2re SI2im Sl3re SI3im Sl4re S14im
SI5re SI5im Slére Sl6im

! S2lre S2lim S22re S22im S23re S23im S24re S24im
S25re S25im S26re S26im

! S31re S3lim S32re S32im S33re S33im S34re S34im
S35re S35im S36re S36im

! S4lre S4lim S42re S42im S43re S43im S44re S44im
S45re S45im S46re S46im

! S51re S51lim S52re S52im S53re S53im S54re S54im
S55re S55im S56re S56im

! S6lre S6lim S62re S62im S63re S63im Sé64re S64im
S65re S65im Sé6é6re S66im

10000 -0.665574600466  -0.0006609751214130001 0.333068101839
0.000663504688568 0.333100908672 -0.0006633295929

- - -4

TERASPEED
Page 12 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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71 tschk2 Messages

[

o 2 e - B

@ cxaoll~

Fee] Terw——

Touchutumad: Rotes on srvoe snd ma |
B e B e L
Notes on error and warning messages

FILE_ERROR_CATEGORY (

0)
Lrrons in cpering of resding the Touchstons e,
» FILE_NEIT_FOUND (1651) - Rassed mhe e fis cannst be i e tha
UMIEACASLE FILE e o e 1 Pt B APt 54 S o oo
* EMPTY_FILE (1003) - Raised whan the fia is found to be ampty.
FORMAT_ERROR_CATEGORY (2000)
Emors in Ehe structure of the Teudhstons M fermat.

NO_LISEFUL_CONTENT (7001 - Raisad when the e is found bo contain only commenty. and biank ines.
£ 12002) - Eaited whan the la doas not start o) ether e Touhatons v1 formut of th Toudhatonn 2 foemat

an end-of-ne temnanon.

axpectad.
Toursd o1 3 e praceding a biyword

I 3 e pracadng a # mick

i pricedng & frequency vake

» UNSUPPORTED VERSION [2013) . mm = found for the
 UMRECOGNIZED, KETWORD [ med wher, an unvecogrzed kerword i lound.

« THVALIG,_KFVWORD) 1NV n 9 Ratmacd whah & bovavoed 5 lourud s  Tonshatona v1 e

L ID_PAMEER_GF_PORTS Rastad whan tha [Nt o Bart] aroussnt i ot ptties e

UL IDTWHO_PORT DATA DRDER_KEYWORD (20 [For v o e thit desks Rt duckeribe 2-pint diti.
DATA_ ORDER. mlwls. Ravsad whan the [T ¢ momwlse-m-vmm“mmo\smz port data

TIiD,_Twi Th_cenen (201
WVALID. NLMBER,OF, FRECUENCIES, (20:0) - Eaksed Wit the [umbor f FraGnoes] Moument i not 3 pasive FARON:
4 UOALID IAMSER OF NOSE FREQUENCIES (2821) Raced whon e Dby dlw-u Fremuences] argument i not a positive Integer.

. of ports.
+ ERPECTED MATRIX FORAAT (2021) - R [ 3 loryward.
SAPECTED MINED, MODE_DESCRIPTOR (1024 - Ravned when v\nJM‘dmndnm
XED_MCER._ : y
ARSI oAt EaFINa Pon_two Pt n - i i it s goves o i thae nm..a describe 3-port data.

Dot data.

* NOISE_FREQUENCY_EXCEEDS_RANGE (2029) data frequency.
+ POURMD, EXTRA, LIMES AT ENG (20330] - Rasead when wrirs it 2rn ound 3t the snd of €ha e,

OPTIONS_FORMAT_ERROR_CATEGORY (2100)
Errons in Touchstons options .

Darw
ol G o0 ®m B[W

e ERASPEED
Page 13 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
Message Groupings
* Message chart in source code package
* Message categories (starting number)
— Full Error (1000)
— Format Error (2000)
— Options Error (2100)
— Keyword Order (2200)
— Data Format (2300)
TERASPEED
Page 14 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Conclusions

* ibischk5 and tschk2 parsers - free to
officially check files for specification

compliance

* Parser development also checks
specification for accuracy and clarity

* BUG process helps maintain integrity of
parsers with latest fixes

 Parsers are critical to IBIS successz

TERASPEED

Page 15 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
Useful Links Under IBIS
Home Page: www.eda.orgl/ibis/
ver5.0/ IBIS Version 5.0 (August 29, 2008)
ibischk5/ ibischk5 Version 5.0.7 (Pending 201 )

touchstone_ver2.0/
tschk2/

quality_ver2.0/
ibis-iss_verl.0/

editorial_wip/
interconnect_wip/
macromodel_wip/
quality_wip/

(wip: work in progress)

Page 16

Touchstone Version 2.0 (April 24. 2009)
tschk2 Version 2.0.0 (December 2009)

IBIS Quality Specification (Oct. 30, 2009)
Interconnect SPICE Subcircuit Specification
Version 1.0 (New - October 7, 201 1)

Editorial Task Group (wip)
Interconnect Task Group (wip) - suspended
Advanced Technology Task Group (wip)

Quality Task Group (wip)
"
ia,\s TERASPEED

© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Power Aware Features of
IBISv5.0 — Accuracy and
Challenges

Vipul Pursottam Patel
Prabhat Ranjan
Richa Ahuja

- ST Microelectronics

Asian IBIS Summit
Taipei, Taiwan
November 21, 2011

3

Agenda

Introduction

BIRD98 [ISSO PU] / [ISSO PD]
BIRD95 [Composite Current]
Accuracy Enhancements
Challenges

J
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Introduction ‘ﬂ

For Improved SSO simulations in non-ideal power supply
environment |IBIS ver.5.0 introduced the following
features :

Added [ISSO PU] & [ISSO PD] tables proposed in BIRD98.

- To model Gate Modulation effect.

Added [Composite Current] tables proposed in BIRD95.
- For more accurate analysis for ground and power bounce associated with
simultaneous switching noise.

vl DEIECHTUTHES

BIRD98 [ISSO PU] / [ISSO PD] IS73

Due to SSO noise, the actual drive strength may vary during transients depending on
the instantaneous value of the supply voltage.

- This phenomena is usually called the “Gate Modulation Effect*

SPICE (effective)
Operating Point

- InIBIS (prior to IBISv5) Working point can move only
Vgs=VDD along the same Vgs =VDD characteristic.
- During supply bounce, actual working point shifts to
Vgs = VDD i AV, characteristics.

// - Higher is the bouncing noise, the higher is the mismatching
/

between IBIS and Spice results.

IBIS Operating
Paint

Vds

[ISSO PU] / [ISSO PD] define the effective current of the pullup/pulldown structures as a
function of the voltage on the pullup/pulldown reference nodes.

vl HEIELHT OIS
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BIRD95 [Composite Current] 1S73

= The current causing the Supply bounce will include :
> |_byp - Bypass current
» |_pre - Pre-Driver current
> 1_cb - Crow-bar current
» |_term - Termination current (if Present)

tmpenine et |5 I_byp & I_pre play a significant role in determining
the supply bounce.
Not modeled by IBIS ver. Prior to 5.0

|_total = “l_byp” +“l_pre” +*“I_cb” +“l_term
([Composite Current])

*Image taken from IBIS 5.0 Specification document. ey

Describes Rising and Falling edge total current from the Power Reference
terminal of the buffer.

[Composite Current] Sample data Lys

50 Ohm Resistive load at PAD to Pull Down Reference 50 Ohm Resistive load at PAD to Pull Up Reference
CT R ] R
R0 500 1 B . i —
+ =1 : |4 i
/7 s b 1
“ (A i —t [T i
. ///—' o . L /_____.
5] L L 4 8 S '
5 | | | | R -+ T
> [ | | > 1
[ B
5 —
R I TR TR TR TR TR e e
Time (ns) Time (ns)
T e noee - T r. g
ons e | | e
™ 7 — i
- L1 + 1 - 1
=4 ¥ + - =4 ]
g / if S 5 g 5
3 =l / — 3
o /J l_- H -
o I 4 i |
Ll |
fo L Nlm Ll L III-'-'\‘ Teln 1e0 A ] l-la\l B el . a0 L] Tel¥ L

Rising event only
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[Composite Current] Observation 1 I1S7]

“The currents documented in the I-T table correspond to the voltages in the V-T
table at the identical time points and for the given *_fixture load." *

- The best data points for a specific V-T table will not be
the same best points for corresponding I-T table .

- Generation tools can miss Important information in I-T
data.

Pre-driver current peaks occur in the
region of initial constant voltage.

*Text taken from IBIS 5.0 Specification document.

vl HEIEL T U]

[Composite Current] Observation 2 <71

For High Speed buffers, Some simulators require removal of Initial dead time (if
greater than half bit period of the driving signal), to avoid overclocking.

- If Initial dead time removed from V-T tables , I-T waveforms
also need to be adjusted similarly.

- Pre-driver current information will be lost.

- [Composite Current] information cannot be effectively used.

- Model developers need to support 2 Separate Models, one
with dead time removed and other without removal.

This constraint (I-T data time-correlated with V-T data)
need to be removed to accurately model the V-T Waveforms
and |-T waveform. (“BIRD 141”)
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[Composite Current] Observation 3

No info regarding Pull Down reference terminal current in IBIS
models !!

- Simulators can only assume Pull Down terminal current equal to Pull Up
reference current ?

- Accuracy of Power Down terminal current simulations reduced.

- May impact SSN number estimation.

74

Accuracy Enhancements

]
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Simulation Setup

74

Comparison of power/ground supply node current and voltage for IBIS 4.2 and

IBIS 5.0 model with Reference Spice model in SSO simulation.

I(VDD)
V(VDD)q,
[pre |
PKG VDD
V
Ly 20=500
Ji I
| peone
- PKG
: 1; R=0.2Q
L=8.0nH
: C=1.0pF
1 ] i
o LI'L .
T, T
Decoupling ~ I(GND)
Capacitance /
V(GND) % PKG [— GND i

Corner : Max.
Frequency : 50MHz
Far End Capacitive
Load: 25pF
Decoupling
Capacitance between
Supply and ground of
each Buffer: 4pF

Result 1 : I(VDD)/V(GND) SPICE-IBISv4.2-IBISv5.0

73

Improved matching
In Power supply current
Simulation.

Improved matching
In Supply bounce
Simulation

Accuracy Enhanced of IBIS Models
With :
[Composite Current],
[ISSO PU],
[ISSO PD].

* From SPICE simulation
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Result 2 : I(VDD)/V(GND) SPICE-IBISv5.0 7

(with & without decoupling capacitance)

* Improved matching with de-cap
added to spice model in Power
supply current Simulation.

* Improved matching with de-cap
/ added to spice model in Ground
// bounce Simulation.

" FE F W N N W NENEEE

No method to specify

‘individual buffers internal De-coupling
capacitance’ between its supply nodes in IBIS
syntax.

* From SPICE simulation

Challenges <71

[Composite Current] time-correlation with V-T waveforms can lead to loss
of important pre-driver current info in overclocking and non-overclocking
models. This constraint need to be removed.

No method to specify ‘individual buffers internal De-coupling
capacitance’ between its supply nodes in IBIS syntax

- Can specify On-die decoupling capacitance between pins using Series Model at component
level.

- As a model supplier, Internal de-coupling capacitance is required during validations as well as
to pass on this info to customers for simulations at their end.
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Modeling the On-die De-cap
of IBIS 5.0 PDN-aware
Buffers

Lance Wang, lwang@iometh.com \
IO Methodology Inc.

[ < ™
Randy Wolff, rrwolff@micron.com L em

Micron Technology =
IBIS Summit (Taipei) Nov. 21st, 2011

Previously presented at the IBIS Summit (Shanghai) on November 15, 2011

‘Outline

= Introduction to IBIS 5.0 PDN modeling
= On-die de-coupling circuit

= A test case and workaround

= An issue?

= Conclusions

© 2006-2011 10 Methodology Inc.
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Introduction to IBIS 5.0 PDN Modeling

[Composite Current] Data

Load = 50 ohms to [Pullup Reference]
x . v

[Composite Current] L P e
Describes the shape of the rising and falling edge current - o N il
waveforms from the power reference terminal of the buffer*.
Adds pre-driver current I-t data. ..., mposite Current] Data

15 to [Pulldown Reference]

* Text and image from IBIS 5.0 Specification

m et > i " et s

e 1

>

© 2006-2011 10 Methodology Inc.

Introduction to IBIS 5.0 PDN Modeling

[ISSO PD] Data

Puldown 155070

[ISSO PU] & [ISSO PD]

Data tables define the effective current of the pullup/pulldown structures of a
buffer as a function of the voltage on the pullup/pulldown reference nodes*.
Adds modeling of the gate modulation effect on driver current (Ipg V5. Vgg). s

N I Pt | P LD AT

1550 PU

* Text and image from IBIS 5.0 Specification v R ——

- - -

© 2006-2011 10 Methodology Inc.

Page 27 of 86




Asian IBIS Summit 2011, Taipei

Introduction to IBIS 5.0 PDN Modeling

= |BIS 5.0 PDN modeling features are useful for SSN
sensitive system designs
» Parallel interfaces, Low power systems
» Standard compliance models are interoperable and IP protected
» |IBISCHKS is up-to-date
* Version 5.0.7 fixes BUG129
= At least 4 EDA simulators have implemented IBIS 5.0
PDN features
e And more coming ...

© 2006-2011 10 Methodology Inc.

On-Die De-Coupling Circuit

N [Composite Current] ; ° " De'Cap may
e e be on the
; Ly order of
,,,,, e 500pF per
o buffer
De-cap

* Image from IBIS 5.0 Specification

© 2006-2011 10 Methodology Inc.
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Test Case — IBIS Model

Extracted IBIS 5.0 Model — no on-die de-cap model

————
an " as i)
A5 Vorage(V) [
= E0a_cq_simpky_ISS0_PD@Typ === vi%a_da_simpk_ISSO_PUGTYD

© 2006-2011 10 Methodology Inc. 7

‘Test Case — IBIS vs. SPICE

Validation with perfect power supply

o
Voltage

nam np ke

a=1.5 vesa=0 no rps)

Current

Good Match!

© 2006-2011 10 Methodology Inc. 8
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‘Test Case — IBIS vs. SPICE

Validation with large R_pkg on power/gnd pins

- T — — .

B Voltage '

T
i : f '
Current o
: P
Oops! | '
Missing something?.. - -
p-
© 2006-2011 10 Methodology Inc. 9
Workaround
Validation with R_pkg on power/gnd pins
RC De-coupling
circuit added into
IBIS simulations o J
>
© 2006-2011 10 Methodology Inc. 10
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Workaround

Validating with R_pkg on power/gnd pins
— added RC de-coupling circuit

Voltage@ pad U-U UU Now they match!

1.5 Vng=D Rpkp 5 chm on boih Vecq and Vs

=150 Ve Rpkg 5 o on boih
il . [
—

Current @ vceq " Current @ vssq

Tonaie) i) [ f—
— s — ot e — -0

© 2006-2011 10 Methodology Inc. 11

Modeling On-Die De-Cap

= |BIS 5.0 model extracted using the static power supply

« IBIS model data doesn't contain any info about de-coupling circuit
between Vccq and Vssq
« There is no place for us to add this info into the [Model] section

= Solution within existing IBIS Specification

« Use IBIS “Series” Model type (e.g. [C Series], [Rc Series]) to
model de-coupling circuit
» Use [Series Pin Mapping] to connect with Power and GND pins

There is a problem!

© 2006-2011 10 Methodology Inc. 12
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What is the issue?

» The Series Model de-coupling circuit attaches at
the [Component] Pin level, not inside the [Model]
* On-Die de-coupling circuit belongs to each buffer
* In most cases, multiple buffers share one power/gnd
rail
* The only way to model per-buffer de-cap is with a per-

power bus model. This might not be the desired de-
cap model.

© 2006-2011 10 Methodology Inc. 13

Conclusion

» |BIS 5.0 [Model] does not contain any info about
decoupling between Power and GND nodes

» On-die de-coupling circuit can be added outside
of IBIS [Model] to achieve accuracy requirement

= Be careful using IBIS [Series Pin Mapping]
feature for On-die De-coupling Circuit modeling

= BIRD145 might provide a solution

* Would allow complex on-die de-cap model attached to
each [Model] and modeling of other important PDN
parasitics

© 2006-2011 10 Methodology Inc. 14

Page 32 of 86




Asian IBIS Summit 2011, Taipei

Aicron

© 2006-2011 10 Methodology Inc. 15
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Power-aware 1/0 Modeling for High-

Speed Parallel Bus Simulation

Asian IBIS Summit
Taipei Taiwan
November 21, 2011

Jack W. C. Lin (jackwclin@sigrity.com)
Zuli Qin (zuligin@sigrity.com)
Haisan Wang (hswang@sigrity.com)
Raymond Y. Chen (chen@sigrity.com) (Portions previously given at
Asian IBIS Summit on
November 15, 2011)

_/\SI18RITY

me /\SIGRITY
Outline
= Challenge of High-speed Parallel Bus Simulation
= Necessity of Power-aware Signal Integrity Analysis
* The Importance of Power-aware Analysis

* |BIS5.0 Enhancement (BIRD95/BIRD98)
» Go beyond with IBIS5.0 — IBIS Plus

= Apply Power-aware I/O Model in Parallel Bus SSO
Simulation
* DDR2 System-level SSO Simulation

= Summary
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h o ASIGRITY

Challenge of High-speed Parallel Bus Simulation

m o /\SIGRITY
Challenge for High-speed Parallel Bus Design

WRITE DQ-DQS Timing
\ All Factors Margin Impact ™ Margin

o 2000 on High-speed Parallel Bus " PKG/PCB Skew
& Wﬂg down " Chip Skew
& 00 P = DRAM Spec
€ 1000 | \
bt
2
€ 500
5 9
533 800 1066 1333 1600 —_—
DDR2 DDR3 DDR4?

Data Rate [Mbps]

® The margin for jitter/skew is getting smaller in current high-speed parallel bus
design
" The power/ground noise has became a dominant reason that causes parallel
bus failure
" Power/ground to signal EM coupling should be considered in system level SSO
analysis for current high-speed parallel bus timing sign-off B
4
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/\SIGRITY

Challenge for High-speed Parallel Bus SSO Simulation

= |f this is a 32-bit data SSO analysis, how long will this SPICE DECK
run? will the waveform converge?

Transistor model

Chip Power Grid RLGC

PKG and board

Transistor model

_/\SIBRITY

Problems in High-speed Parallel Bus SSO Simulation

= The complex manual task for the node linkages between circuits.

= No guaranteed for passivity and causality on each circuit block
especially if model is from measurement
= Non-linearity of the whole system circuit network which includes
transistor models of drivers and receivers
= Lost DC accuracy without low frequency data from EM solver,
especially for Sl analysis with power aware

= Long runtime

= Waveforms are non-convergent

SeEY I 1ZRa I

.l[L'.,lr '.TT;T "JT"L .IJ]_.';,« JLIL\L-_,

s e

o e e o i
Fh ‘ndon passivel

.,L ‘#r '.[ 'Hl'pa.ﬁSiVe iy ‘fl_
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me _/\SIGRITY
IBIS in SSO Simulation

= |BIS models have in the past addressed nonlinear voltage
and current for signals, but not supported proper modeling
of power/ground currents

= As frequency of circuit I1/0O getting higher, SSO simulation in
the past with IBIS buffer model that have result be in-
accurate and under-estimated

= Most of time, non-convergence issue in SSO simulation

can be resolved by replacing buffer model from transistor to
IBIS; but getting an accurate result still be a challenge.

m o ASIGRITY

Power-aware I/0 Modeling Progress
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.l /\SIGRITY

The Importance of Power-aware Analysis

Predicts | /‘ /‘

No [

SSN \ : | \ i

Signal data only Simulation assuming ideal power delivery network

Predicts AN = /k__/».
significant | \
SSN Risk

3

Signals, accurate planes, vias Simulation with all power delivery effects

= Transmission line only analysis can’'t reveal the real signaling among
ICs in current high speed parallel bus design.

= High-speed parallel bus with power-aware analysis can help to identify
design defects and find out the root cause behind the problem.

.! A\ SIGRITY

The Importance of Power-aware Analysis

Z Amplitucle (Ohm)

T
0 S S

L :

PDS and DQO coupling (PCB)
L I A PDS’and’DQO’ooup1ingtPCB+PKG) ””” N

\

rs

i \
AN AW W B PDS impedance of PCB*y ____
1 \

04 0s 06 07 08 09 1 2 3 4 5
Frequency (GHz)

= Signal quality can be significantly affected by PDS resonance in system
level.

= Power/ground to signal coupling will be under-estimated with in-
accurate IBIS buffer modeling.
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o
=

Pre-buffers

/\SIGRITY

How SSN Noise Impacts Signal Quality
—/\(— Power/ground noise

VCC plane

SSO
T —

Decap| VRM

Transmission line

> -J\r— Victim line

VSS plane

voltage ()

2.0 N=

= SSN noise greatly reduces the
noise margin at receiver bump

: / = SSN noise increases the
R ettt ety /bt Wt inhulelot Wit St buffer output delay and finally

Delay “J// ; Margin the jitter, which may cause
05 /. : : error-sampling at receiver side
i/ Ideal power-ground
0 03 0.6 0.9 1.2 158

Time sy

m o

_/\SIGRITY
Power-aware Solution in IBIS5.0 (BIRD95/BIRD98)

“Pre-driver & Craw-bar Current” Pwr Pin “Gate Modulation Effect”

Pwr Pin \
L Pwr
FI 24
| SigPin, :> Sig Pin:>
| Gnd
S ~ Gnd C comp
clamp I

l:lampTc comp
Gnd Pin Gnd Pin

Ideal Power Power-aware (BIRD95 & 98)

N Pwr
clamp
Sig Pin

hl
L]

Q
o
3
°
-]
@
a.
o
§
[}
=

V|

i \/ P 2 o il ; - I. ~ II"\ o
| W |U/ W‘ﬁi :
|\ —spiIcE || | ' —SPICE 5|!'

IBIS4.2 vs. Transistor IBIS5.0 vs. Transistor

Page 39 of 86



Asian IBIS Summit 2011, Taipei

m

.l /\SIGRITY

Advantage Go Beyond with IBIS5.0

= |BIS5.0 is designed for more accurate S| simulation with non-ideal power distribution
system (PDS)
= |BIS5.0 greatly improve the correlation accuracy with transistor model with simple but
effective methodology
» By including composite current, more accurate power noise simulation can be performed to have
better power/signal integrity evaluation
« Dynamic power noise impact on signal output waveform is considered in IBIS5.0, which greatly
improve the efficiency of using IBIS model in high-speed parallel bus timing sign-off
But it’s good enough?

= On-die power/ground impedance is omitted
= The state-dependent non-linear output impedance is modeled with single or split die
capacitance, which may over- or under-estimate the buffer AC effects

Gate S 5

Substrate

B _/\SIGRITY
Go Beyond with IBIS5.0

PwrPin  IBIS5.0 IBIS Plus (Multi-lingual) vDD_io

ISSO| 4~ Pwr
m ‘ ‘clamp
Sig Pin
ﬂ . r - Gnd —=C comp
clamp
+

Gnd Pin -

om0 Cumet 1

leomposie

11O pin

ue.LIND sysodwon)

GND

The best fitted IBIS
Plus simulation
| generate almost
the same power
noise level with
[|L...| transistor model
[f"l ‘| but much faster

IBIS5.0 vs. Transistor IBIS Plus vs. Transistor
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/\SIGRITY

Go Beyond with IBIS5.0 (case study)

! | /

T AL AT

——Transistor
L ——— 1| ——IBIS5.0
H 4 B 8 10 12 1| ——IBIS Plus
Time (rs)
* HSTL18 I/0, 150 Ohm termination in parallel with 1pF
VCC=1.8V, 0.05V 2.5GHz AC noise
15
E SIGRITY
=
|

High-speed Parallel Bus SSO Simulation
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DDR2 System-level SSO Simulation (ase study)

Package

1BALQ

Controller Chip Package PCB
= Package, board and on-die power grid @
model are considered in system-level
view

= On-die power grid chip model is extracted
in distributed format with all MOS caps
included

/\SIGRITY

PCB

18AI1999Y

Block-based
Simulation Setup

Non-ideal power/ground noise is
accurately predicted by use of IBIS 5.0
buffer model

To improve the convergence for time
domain analysis, broadband PKG/board
S-parameter model are converted into

broadband SPICE circuit

DDR2 System-level SSO Simulation (case study)

Noise Measured at CTL side

_/\SIGRITY

@® One memory byte

Tume (ng)

Signal Measured at memory side

SSO study with
800Mbps data
rate

@ Package and
board are
considered only

® Without chip
equivalent model
and on-die
decaps that leads
to larger power
/ground noise at
CTL side
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-.l /\SIGRITY

DDR2 System-level SSO Simulation (case study)

[ ;:::‘:‘l-!-zm::o.ml iﬂhm FOS |Lni|m Pnﬁmpmm:i&_'r Default ® Add On-d'e decaps
Vereas i Noise Measured at CTL side Trom IIO,CIrCUIt
; information

On-die decap is lump
on die-power and
ground pins.

Lump on-die decap
model can't reveal
real chip PDS
behavior and it acts
like an AC short on
chip PDS and make
less P/G fluctuation

Incorrect on-die
circuit will lead to

4
Ty (i)
Red: without on-die lump model overfunder t on PDN
Blue: with on-die lump model assessment on
noise

.l A\ SIGRITY

DDR2 System-level SSO Simulation (case study)

Pagl rca Mamary

Chip I/0 PIG grids with
on-die decaps are
extracted from chip level
extraction tool.

@  MOS caps around the
I/O are not common
shared with all I/0
circuits
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/\SIGRITY

DDR2 System-level SSO Simulation (case study)

[34] i

= Power/ground noise has dramatically reduced in system level SSO
simulation.

= Aperture width and jitter are improved

_/\SIGRITY
Summary

Current high-speed parallel-bus and serial-link Sl analysis require
power-aware 1/0O model to run accurate Sl analysis

Latest IBIS5.0 improve on power-aware 1/O buffer modeling can be
an alternative for a complex system-level SSO simulation

Demonstrate a new method to generate a more accurate behavioral
circuit model (IBIS Plus) based on frequency-domain response fitting
that can be delivered in an IBIS compatible multi-lingual external
model

Block-level system-level simulation automation tool eases the
simulation platform setup

Need to expand the buffer modeling technology to differential
(true/half) 1/0 and more complex I/O designs
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Board-only Power Deliver Prediction
for Voltage regulator and
Mother Board Designs

Intel Corporation
Data Center Platform Application Engineering
November 21, 2011

Asian IBIS Summit
Taipei, Taiwan

: : Previously given at
Jiangqi He Asian IBIS Summit on
Y.L. Li November 15, 2011

Legal Disclaimer

Notice: This document contains information on products in the design phase of development. The information here is subject to change
without notice. Do not finalize a design with this information. Contact your local Intel sales office or your distributor to obtain the latest
specification before placing your product order.

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. EXCEPT AS PROVIDED IN INTEL'S TERMS AND
CONDITIONS OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR
IMPLIED WARRANTY RELATING TO SALE AND/OR USE OF INTEL PRODUCTS, INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS
FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT, OR OTHER INTELLECTUAL PROPERTY
RIGHT. Intel products are not intended for use in medical, life saving, or life sustaining applications. Intel may make changes to
specifications, product descriptions, and plans at any time, without notice.

This document contains information on methods under development, is subject to change without notice, and may not reflect the best
practices for all participants. Check with your equipment vendor for the latest information on best practices for their equipment. Ultimate
responsibility for measurement accuracy lies with those performing measurements, and their methods should be properly evaluated for
accuracy.

All products, dates, and figures are preliminary for planning purposes and are subject to change without notice.
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these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.
Copies of documents which have an order number and are referenced in this document, or other Intel literature may be obtained by calling 1-
800-548-4725 or by visiting Intel's website at http://www.intel.com.

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.

*Other names and brands may be claimed as the property of others.

Copyright © 2011, Intel Corporation. All Rights Reserved.

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
countries. Other names and brands may be claimed as the property of others. All products, dates, and figures
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Agenda

e Introduction

Simplified SPICE Model

Case Study and Its Application
Validation

« Summary and Next Steps
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v'Introduction

« Simplified SPICE Model
e Case Study & Its Application
 Validation

Summary & Next Steps

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
countries. Other names and brands may be claimed as the property of others. All products, dates, and figures

are preliminary and are subject to change without any notice. Copyright © 2011, Intel Corporation.
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Introduction

Power delivery performance prediction typically is using full wave solvers to extract board,
socket, package, and on-chip interconnect. There are many tools and approaches across
industries.

However, this typical approach is usually focusing on high frequency noise, involving

many piece of software and has certain limitations:

« Very high frequency oriented analysis. Typically looking for many 100s MHz or GHz
range

e Extracted full wave S parameters needs macro-modeling for transient analysis

« All full wave solvers has accuracy limitation at low frequency and board analysis needs
very accurate low frequency prediction

« Full wave extraction and its associated analysis do not have full explicit information
on return path (GND) which is critically important for board design and optimizations.

« Typically full wave approach takes much more time to complete an analysis cycle and
also needs electro-magnetics background for many uncertain scenarios during
modeling/sims

« Due to its complexity, some OEM/ODM skip prediction step and go directly for testing
vehicles

e Therefore, a method that involves less steps, easy to understand, good low frequency
accuracy and high efficiency is highly desired!

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
countries. Other names and brands may be claimed as the property of others. All products, dates, and figures

are preliminary and are subject to change without any notice. Copyright © 2011, Intel Corporation.

INntroduction cconra)

A new methodology is called ‘Simplified SPICE Model’. It allows

companies to conduct simulations focused on the follows:
» Determine # of MB layers and stack-up

Choose MB cap types, humbers and locations

Check the coupling noise due to imperfect common ground

Validate MB and VR performance in early development stage

Reduce design cycle time due to faster simulations

A lot more accurate at low frequency regions.

Explicitly know exactly return currents

Least software involvement

An entry engineer can conduct modeling/simulations

YV VY V V VY VY

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
countries. Other names and brands may be claimed as the property of others. All products, dates, and figures
h

are preliminary and are subject to change without any notice. Copyright © 2011, Intel Corporation.
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Agenda

» Introduction

v Simplified SPICE Model

« Case Study and Its Application
 Validation

« Summary and Next Steps

intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U
countries. Other names and brands may be claimed as the property of othel prod

are preliminary and are subject to change without any notice. Copyrig|

A Typical Network for MB Power Delivery
Analysis

Use Icc / Isa / Itt current Models to
MB R network start from replace Die+package models

' I
' I

VR output Buck Cap ' and represent VRTT I
! I
' I
I

\
Bulk

- [

Socket Motherboard Socket

MB R network end at Socket pins

Intel and the Intel logo are trademarks or registered trademarks of Intel Corpor:
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Simplified SPICE Model Workflow
Step 1. Create MB model
» Create R-network using EDA tool.
« Set up port locations for cap terminations and Vcore, Vsa, Vtt, and socket locations.

Step 2. Socket model

» Get socket pin map from supplier.

» Get R & L values of each socket pin from supplier.
» Group socket pins and scale R & L values.

Step 3. Icc, Isa, Itt models
* Get I (t) model from supplier

Step 4. VR model

» Use simple VR model from supplier.

Step 5. Connect all models together and run transient simulations
« Vcore(t), Vsa(t), Vtt(t) separately

Step 6. Compare V(t) with DC and Transient Requirements

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
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1(t) Models of Vcc/Vsa/ZVitt

A server CPU

150 W PVCCP (8 core) A server CPU PVSA

155A

8.5A

Max step load size = 100 A
Max step load slew rate di/dt < 200 A/ps Max step load size = 7A (Current pulse duration <1ps)

A server CPU PVTT

0.5us 1.75 us

Max step load slew rate di/dt < 4.0 A/ps

Max step load size = 5 A
Max step load slew rate di/dt = 20 A/us

0.25us

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
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Socket Connections (Top MB Layer, 1 of 5)

AB33 bx11y20 | ~ ! L !
AA33 bx11y21 |
Y33 bx11y22 ﬂ"‘." - -
W33 bx11y23 1
V33 bx11ly24 a
u33 bx11y25 4
T33 bx11y26
R33 bx11y27
BA28 bx16y1 *
AY28 bx16y2 1
AW28 bx16y3 %
AV28 bx16y4 1
AU28 bx16y5
AT28 bx16y6 == ——
AR28 bx16y7
AP28 bx16y8
AN28 bx16y9 -
AM28 bx16y10 -
AL28 bx16y11 -
AK28 bx16y12 e
BA27 bx17y1
AY27 bx17y2
AW27 bx17y3 NN NN .Aﬁf._ . T3 E t .
AV27 bx17y4 I I - - :
AU27 bx17y5
AT27 bx17y6
AR27 bx17y7
AP27 bx17y8
AN27 bx17y9
AM27 bx17y10
AL27 bx17y11

bx17y12

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
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Stackup (6 layer)

h:)rlf; Plane Description Thli-(%%ss (\;\;:ii)gﬁ{ Dit-:;l:;;ric (t;]‘r;g)
solder mask 0.022
Signal 1 SIGNAL
0.022
Plane 2
0.022
signal3 | siGNAL |
0.022
Signal 4
0.022
Plane 5
0.022
Signal 6
solder mask 6
Total 62.40 (+8/-5)

You may want to get MB resistivity value from MB suppliers.

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the
countries. Other names and brands may be claimed as the property of
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Simplified SPICE Model
Simplified Multiphase VRD (P1~P4) with Socket LoadLine
Simplified MB R network include Bulk Caps & Decoupling HF Caps
Icc / Isa / Itt current SPICE Model

Sensing at CPU Socket
VRD Phase Arrays

O o

-
Y
H
@
Y
H
@
%;U
4
o
N
@
3

sded ing
sdeD 4H
-

Pw— Motherboard & Socket

Controller Decoupling

Voltage Feedback I/‘()
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SPICE Model Connection Block Diagram
Socket Model

VR Model Bulk Caps

MB R network Model

trademarks of Intel Corporation the U
All pi

Icc Model

DC Requirements

Socket Load Line
1.35 -
Vcemax Violation
130 Operation in this region may result in reduced life span
i due to processor/system heat damage. Also
system speed degrades due to repeated

» 1251 transitions into low power state
5 to cool processor
>
c 1.20 4
o
(8]
> 1.15

1.10 4

1.05 T T T T T

0 20 40 60 80 100
Icc In Amps

120

Intel and the Intel logo are trademarks or registered S. and other
countries. Other names and brands may be claimed as c nd figures
n
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DC Requirements (ontay

Socket Load Line

1.35

1.30

1.25 -

1.20 -

Vccmin Violation

Vcc In Volts

1.15 - o o o o .
Operation in this region may result in

system ‘lock-up’, system ‘blue-screen’, or
0 corrupt data.
1.05 ~ . . . . . .
0 20 40 60 80 100 120

Icc In Amps
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Dynamic or Transient Requirements

Short transients above VID are permitted
see the overshoot specification

VID

abeljon

Max Load L
Window \ /

Load
step to

Current lcc lcc max
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Agenda

* Introduction

= Simplified SPICE Model

v Case Study and Its Application
e Validation

e Summary & Next Steps
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Case Study —
Cost/Performance Optimization of Cap number

Top caps Bottom caps

25-10 uF T [ 25-10UF

—~ 8-22uF 8-22 uF
2-470 uF bulk caps

5753470 uF bulk caps

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
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Case Study — Cost/Performance Optimization of Cap number

117

116

115

114

=

113

=

112

=1
=
—

ﬂ

0 50u 100u 150u 200u 250u 300u 350u 400u 450u
Time (lin) (TIME)

If transient design target is A, both Cases 1 and 2 fail.
If transient design target is B, Case 1 is fine but Case 2 fail.
If transient design target is C, both Cases 1 and 2 are fine.
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Agenda

» Introduction

= Simplified SPICE Model

= Case Study and Its Application
v Validation

e Summary & Next Steps
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XYZ CRB
Simulation Result vs. VRTT Test Result

Loading frequency = 305 Hz
Slew=163 A/uS

12—
. P " 3
L i 2
Herman s Basch EVI2
m
e
Trmnm, ae
| i | 1 feepth e gta | I
T r T T T T T
-
T i
saana T 7 o §—+ 1
1) [EAST0SBLCHY 30 M 25 un Viout i 1 I
AISSPICHT Y 0wl el 1 Ll Lo w—
Wlird i WA T PPIS SN PR PR RSN PR, = e o — S —
Teemmitee

1st spike reading:

1.058 Vvs. 1.05V @ 115 A to 25 A 8 mV difference only » 99.249% Accuracy

» Including more sophisticated VR model with FETs may be able to reduce Waveform A.
» Adding MB parasitic C & L should be helpful in reduction of waveform A as well.
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XYZ CRB
Simulation Result vs. VRTT Test Result

Loading frequency = 305 Hz
Slew=163 A/uS

an e e
(. mae + [ .

Trammnt Hevponse Loadeis ts 1454 gt

Lombath o 1968 [re—r Y

By Pk Gt Cen 30y 200n : :
s 1 = -
F T sl L i

1st spike reading:

0.914V vs. 0.932V @ 25 Ato 115 A 18 mV difference only > 98.07% Accuracy

e Including more sophisticated VR model with FETs may be able to reduce Waveform A.
« Adding MB parasitic C & L should be helpful in reduction of waveform A as well.
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XYZ CRB
Simulation Result vs. VRTT Test Result

Loading frequency = 12K
Slew=163A/uS

" ™!
WemdeaBeacnEvEz 1 1 i) J T T i
w06 Vst 400 -1
s Treqet1 380z 3

3| TeanuemAmperas I Loa=115 1a 248 b el

A I e s 4 #3805 ]

1.052_V

SESTRIE F

L\\ﬁv«.. i IS XX Y 2 R S A B

RS WIS KN 75 VAN R B Bore e B e onlug e ovee e v B

1st spike reading

1.052Vvs. 1.054 V @ 115 A to 25 A 2 mV difference only > 99.8% Accuracy
0.914 V vs. 0.934 V @ 25 Ato 115 A 20 mV difference only > 97.85% Accuracy

» Including more sophisticated VR model with FETs may be able to reduce Waveform A.
« Adding MB parasitic C & L should be helpful in reduction of waveform A as well.
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XYZ CRB
Simulation Result vs. VRTT Test Result

Loading frequency = 275K
Slew=163 A/uS

E
21 B ECH 30 Y 4 s Vout
B Ay

1st spike reading:

1.064 V vs. 1.066 V@ 115 A to 25 A 2 mV difference only » 99.8% Accuracy
0.914 V vs. 0.94V @ 25 Ato 115 A 26 mV difference only > 97.63% Accuracy

« Including more sophisticated VR model with FETs may be able to reduce Waveform A.
« Adding MB parasitic C & L should be helpful in reduction of waveform A as well.

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
countries. Other names and brands may be claimed as the property of oth I products, dates, and figures

are preliminary and are subject to change without any notice. Copyright 1, Intel Corporation.
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XYZ CRB
Simulation Result vs. VRTT Test Result

Loading frequency = 650K

Slew=163 A/uS

i

P
Tranaient sy
E Load=254 o 1154

30mY 4 us veet
A A Mgt

1st spike reading:

1.034 Vvs. 1.048V @ 115 Ato 25 A 14 mV difference only > 98.66% Accuracy
0.92Vvs. 0.93V @ 25Ato 115 A 10 mV difference only > 98.9% Accuracy
« Including more sophisticated VR model with FETs may be able to reduce Waveform A.

« Adding MB parasitic C & L should be helpful in reduction of waveform A as well.

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation the U. S. and other
countries. Other names and brands may be claimed as the property of others. All products, dates, and figures
are preliminary and are subject to change without any notice. Copyright © 2011, Intel Corporation.

Simulation Result vs. Real VRTT Test Result

______ M N

— MB model is a Resistance network
1st spike reading: — MB model is a SPICE lump circuit

1.15Vvs. 1,143V @ 165 Ato 59 A 7 mV difference only
1.09Vvs. 1.095V @ 59 Ato 165 A 5 mV difference only
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Agenda

= Introduction

= Simplified SPICE Model

= Case Study & Its Application
= Methodology Validation

v Summary and Next Steps
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Summary and Next Steps

Simplified SPICE model has been validated by companies

Using the collaterals, companies can
QO optimize their own designs & make their own decisions before Gerber Out to
achieve the best cost/performance trade-off in
> Determine # of MB layers & stack-up
» Choose MB cap types, numbers & locations
O reduce risk of common ground noise coupling among Vcc, Vsa, Vtt, and Vddq
O validate their own designs after Gerber Out

Next Steps
O Obtain more sophisticated VR model from venders

O Include thermal impact to more accurately predict Maximum Current can be
carried.
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Supporting External circuit as Spice or S-
parameters in conjunction with I-V/V-T tables

Kent Dramstad, Adge Hawes
IBM Microelectronics

Taranjit Kukal, Feras Al-Hawari, Ambrish Varma, Terry Jernberg
Cadence Design Systems, Inc.

Presented by: Charlie Shih, Cadence Design Systems, Inc.
(Previously presented at Asian IBIS Summits, November 15 and 18, 2011)

Asian IBIS Summit

Taipei, Taiwan cadence
November 21, 2011

‘z\genda

Requirement

Current Limitations of [External Circuit]

Solution

o Supporting S-parameters in [External Circuit]
(BIRD144)

o Simulating [External Circuit] in conjunction with I-
V/V-T tables (BIRD145)

cadence

Summary
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Agenda

Requirement

cadence

I{eq;drennent

At high frequencies, we need ways over and
above |-V, V-T tables and AMI to model the
buffer.

o On DIE Terminations (ODT) that vary with
frequencies need to be expressed as S-parameters or
RLGC Spice files

o On DIE Re-distribution layer (RDL) parasitics become
significant and vary with frequencies and hence have
to be expressed as S-parameters

o Analog portion of 10-buffer get expressed as Spice as
against I-V/V-T curve; S-parameters get used to
describe transfer characteristics of linear 10-buffer
amplifiers.
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Requirement

At high frequencies, we need ways over and
above I-V, V-T tables and AMI to model the
buffer.

o Some algorithmic portion of 10-buffer model could
be expressed as behavioral Spice to augment AMI
code

Example: ‘if-then-else kind of spice’ to pick right
sub-circuit based on parameter
values/processes

Example: Modeling continuous filters as

behavioral spice to augment digital filters in AMI
code

Requirement
- Various Cases that need to be covered

A (External cireuitl| - Simulating RDL parasitics in
conjunction with 1-V/V-T tables

Case 1 ) ) o
e e Simulating RDL parasitics in
o +|:: L=l conjunction with 1-V/V-T tables
| ' and AMI
Case 2
A [External Circuit]
M + onicey
Simulating AMI with 10-buffer
expressed as Spice
Case 3
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Current Limitations of [External Circuit]

cadence

Current Limitations
- [External Circuit]

Today, S-parameters have to be wrapped into
Spice models (vendor specific) and then used
under [External Model/Circuit] Keyword.

o On similar lines, BIRDs 116-118 propose that
Touchstone file name can be parameterized for
the IBIS-ISS sub-circuit, which means that IBIS-
ISS wrapper could be written for the S-parameter
element.

NEED: Extend support for direct usage of S-
parameters
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Current Limitations

- [External Circuit]

The current [External Circuit] and [Circuit | cemacie {'
Call] usage rules do not allow the direct - . ‘ 6
interconnection and instantiation of

existing IBIS 1/0 models with the rest of

the [External Circuit] blocks. Traditionally,

users either use Spice or I-V/V-T tables.

NEED: Extend use of [External Circuit] [- Eé
keyword to point to Spice sub-circuits tha1
augment I-V/V-T data for complete

characterization of 10-buffer.

Current Limitations
- [External Circuit]

In order for a model developer to use an IBIS 1/O model in an
[External Circuit] the following steps need to be followed:

o Develop SPICE like wrappers in which the corresponding
typ, min, and max IBIS 1/O sub-circuits are instantiated

o Develop an [External Circuit] to point to the wrapper sub-
circuits

o Use the [Circuit Call] keyword to call the [External Circuit].

These usage rules are cumbersome especially when the
developer can just directly call the desired IBIS I/O model
without the need to develop a SPICE like wrapper as well as
an [External Circuit] section.
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Solution
o Supporting S-parameters in [External Circuit]
(BIRD144)

cadence

Solution: Leveraging [External Model/Circuit]
to Support Package S-parameters

For support of package S-parameters:
o IBIS model should have Keywords to support Touchstone
S-parameters under Package section, with fields to
Point to Touchstone file from the Package section
Provide port-mapping of IO-buffer pins to S-parameter ports
R/L/C values should be ignored by Sl tools if S-parameter file
is used
For support of S-parameters when representing
elements beyond package parasitics: This can be
achieved through use of [External Model] keyword
that directly instantiates Touchstone file
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Solution: Leveraging [External Model/Circuit]
to Support S-parameters (beyond Package)

Positioning S-parameters as a method to

completely define 10-buffer model or portions

of 10-buffer requires support for:

o Direct support of S-parameters without the need for
wrapping

o Port mapping of S-parameters

o Corners beyond typ/min/max to provide flexibility of
choosing various S-parameter files under different
conditions

Solution: Leveraging [External Model/Circuit]
to Support S-parameters (beyond Package)

Support for Language ‘Touchstone’ with port-map

[ModeTl] Ext_ToUucCcHSTOME, _Diff_suff
MDdeW,t¥pe IAo_dift
rref_ditf = 1oo

other model subparameters are optiona’l

L TR min max

[volTtage rRange] ) 3.0 3.6

[Ramp]

v dt 1.57-0.36n 1.44,0.57n 1.73/0.28n
chvi dt T .57.S0.35n 1.46 0. 440 1.68-70.28N0

[Extaermnal madsal]
_anguage TOUCHSTONE

Corner corner_name FTile_name <ircuit_name C.subckt namel
(Corner TP cdiffio. ssp [N
Corner [Nl diffio.ssp A
Corner Max diffio.==p Ma

| Ports List of port names_Cin same order as in TOUCHSTOMNED
Forts A_signal_pos A_signal_neg my _receive my_drive my_enable
FParts A_puref a_pdref a’poref A_goref a_extref my_ref a_gnd

1

| o_to_a d_port portl portz wlow whigh trise tfall <corner_name
D_to_a D_driwve my_drive my_r et 0.0 3.3 o.5n SEn Typ

D_To_a O_driwe my_drive et o.0 3.0 O.6n Q.3n  mMAnR

D_To__a o_driwe my_driwve my_r et Q.0 3.8 o.4n 2.3n Max

D_to_a D_enable my_enable my_ref .0 2.3 O.5n 0.3n  Typ

D_to_a D_enable my_enable my_ref Q.0 3.0 C.&6n Q.30 MAnN

D_Tto_a o_enable my_enable my_ref o.0 3.& O.4n  0.3n  mMax

| A _to D d_port portl portz Tl ow whigh <orner_name
A_To_D O_raceiwve A_signal_pos  aA_signal_neg -—-200m  200m T

a_To_D D_receaive Aa_signal_pos a_sigrnal_neqg —z200m 2oom MmN

a_To_ D o_receive Aa_signal_pos a_signal_neg —200m Zoom Max

[End Extermnal mModel]
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Solution: Leveraging [External Model/Circuit]
to Support S-parameters (beyond Package)

Picking different S-parameter files for different corners

|

[rModel] Ext TouCHSToNE, _oiffF_Buff
rModel Stume_ I/O AFF

Rref_

other model subparameters are optional

]
I
I[va‘ltage Range] Ec) 2.0 3.8

Typ min max
[Framp]
g ot e 1.5770.36nNn 1.4470.57N0 1.7370.28N
T.lv/dt,F 1.5770.35nNn 1.4670.44n 1.8870. 28N

[External model]
Language TOUCHSTONE

T

| corner carner_name Fﬂe,name circuit_name C.subckt namel
Corner Typ Affio.ss8p A

Corner [N is] d-|1=1=-|c|.58p (3N

Corner A diffio.ssp A

]

T 1o T TTT== T T
POrts Ls1grla-| pcls Aa_stignal_neg my_receive my_drive my enah'le
Ports a_puref a_pdref a"pcref a_gocref a_extref my_ref a_ognd

| b_to_a d pclr‘t portl port2 \;‘I ow whhigh trise tFa‘I'I cormner_name
D_To_a _driwe my_dr iwe my_r et [s] 3.5 SN 0.3 Tyl

D_To_a D,drive my_dr iwe my_r et 0.0 3.0 0. an 0.3r| MAN

D_to_a D_driwve my_drive my_r et o.0 3.6 C.4n Q.30 Max

D_To_a C_=nable my_enakble my_ref 0.0 3.3 O.5n  O.3n Typ

D_To__a o_enable my_enable my_r et Q.0 3.0 0. 6N 2.3n MAN

?,taJ D_enable my_enable my_ref a.o E.& C.4n Q.20 Max

| Aa_to_po d_port portl portz Wl ow whigh corner_name
a_To_D D_recaive Aa_signal_pos a_sigrnal_neqg —200m 200m Ty

A_to_D D_receive A _signal_pos A_signal_neg —200m  200m  MIn

A_To_D D_reaceiwve aA_signal_pos a_signal_ned -—-200m 200m  Max

[End Extermnal model]

Solution: Leveraging [External Model/Circuit]
to Support S-parameters (beyond Package)

Supporting user-defined corners — each user-defined corner
maps to typ/min/max IBIS corners

Example [External Model] using TOUCHSTOME with 2 userdef corners:

|
|
}
[Mode1] ExLinearsufferTouchstonewithTwoUserbefCorners
Model_type Output

| other model subparameters are optional

Tvp min max
[voltage range] 3.3 3.0 3.6
[Ramp]
o dt_r 1.57/0.36n 1.44/0.57n  1.73/0.28n
ov/dt_f 1.57/0.35n  1.46/0.44n  1.68/0.28n

|
[External mModel]
Lahguage TOUCHSTOME

| corner corner_name file_name circuit_name
corner TYP huffer_typ.s2p  Na
Corner min huffer_min.s2p Pl
Corner Max buffer _max. s2p hlA

| Parameters List of parameters
Parameters Minnumber Maxiumber

|

| user_defined_corner user_defined_corner_name parameter_name_parameter_wvalue file_name corner_name
user_defined_corner Minl minnomber 1 buffer_minl.sZp ™in

User_defined_corner Maxl Maxmumber 1 buffer_maxl.szp Max

|
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Solution: Leveraging [External Model/Circuit]
to Support S-parameters (beyond Package)

Use in [Extern@l Model] and [External Circuit]

| Example [External model] us‘ing/ﬂ/OUCHSTONE: I

[Mode1] exBufferToUCHSTONE
Model_type I
winh
winl

/

Example [Exterya'\ circuit] using TOUCHSTONE:
|
| »
[External Circuit] BUFF-TOUCHSTOME
Language TOUCHSTOME
|

| corner corner_name f1le_name

circuit_name (.subckt named

rarts A puref a_pdref a_pcref a_geref a_extref |

| b_to_a d_port  portl part2 viaw vh1gh trise tfalllEnd External Circuit]
D_to_a  D_drive my_drive my_ref 0.0 0. 0.3n ¥R
D_to_a  D_enahle my_enable A _gcref 0.0 3 3 0.5n 0.3n  Typ
| A_to_D d_port portl partz vlow vh‘\gh curner,name
;L o_receive my_receive my_ref 0.8 2.0
note: A_signal might also be used instead of a user-defined interface port

for measurements taken at the die pads

|
1
‘[End External modal]|

|
5 corner TP buffer_typ.s9p NA
} other model subparamervérs are optional Corner 14 buffer‘_m¥n.st NA
| min max TDFHEF Max huffer_max.sop MA
[volrage Range] 3.0 3.8 | Ports List of port names (m same order as in TOUCHSTONED
[Ramp] FOrts Ls‘\gna'\ int_in int_en int_out Aa_contro
v /ot _r 1,47/0.36n  1.44/0.57n  1.73/0.28n TD'"U A_puref A_pdref a_pcref a_gcref
v/t 2570350 1.48/0.44n  1.68/0.28n | D_to_a o pﬂr‘t portl port2 F\ﬂnw vhigh trise tfall corner_name
D_to_A Int w'n my_gcref 0.0 3.3 .§n 0.3n
E%s;gz.‘%igr«s;m& D_TO_A ive Int_i my_gcref 0.0 3.0 0.6n 0.3n min
D_TO_A ve int_in my_gcgef 0.0 3.6 0.4n 0.3n  Max
5 3 D_to_A enable int_en my_gn 0.0 3.3 0.5n 0.3n Typ
\Cnsggrﬂ.ar cg;er,ﬂame félgfg?mi p.57p c;‘gcu‘\t,name (. subckt D_to_A  D_enahle dnt_en my_gnd 0.0 3.0 0.6n 0.3n M¥ﬂ
Corner M:w/n buffEFJ¥ﬂ S7p NA IIJ,tUJ\ D_enable int_en my_gnd 0.0 3.6 0.4n 0.3n Max
‘Cnrner Max buffer_max.s7p  na | Ato D dport portl port2 vlow vhigh corner_name
| Ports List of port names (in same order as in TOLICHSTONE)A—tE g g—EzSS}zS mg—gﬂi m){—ggg‘; g-g ;-g ;‘{g
Forts A_signal my_drive my_enable my_receive my_ref .Ltu o DTreceive intour myGeref 0.8 .0 Max

Agenda

Solution
a

o Simulating [External Circuit] in conjunction with I-
V/V-T tables(BIRD145)

cadence
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Solution: Include IBIS /O table model in an
[External Circuit] using the new [Model Call]

Ability to connect External Circuit to IBIS I/O model. The
External Circuit could represent RDL parasitics, portion of
active 1/O buffer, some algorithmic part of I/O buffer.

cComponent Die  Package Pins/balls

——————————————————————— + p———m———t
|1 |
[Model] [External Circuit] || |
—————————————— } } } | |
| 1/01 A_pcreaf-—+-> | | | |
| . I™ A_puref——+-—» | o [ |
|o_drive--] »—--+-a_signal-+-cl—+-int_iol dJol-+---5-———+-+-—-G8E--0 5 DO
|D_enable-1/ /| | a_pdref-—+-> | | || |
|D_receive—-< |-+ a_gcref——+-> | obT | || |
|1 |

| A ] |

Solution: Include IBIS 1/0 table model in an
[External Circuit] using the new [Model Call]

[Pin] signal_name model_name R_pin L_pin C_pin

1 RASO# Bufferl 200.0m 5.0nH 2.0pF
2 RAS1# Buffer2 209.0m NA  2.5pF
3 EN1# Inputl NA 6.3nH NA

4 A0 3-state

5 DO 1101

6 RD# Input2 310.0m 3.0nH 2.0pF
7 WR# Input2

8 Al 1102

9 D1 1102

10 GND GND 297.0m 6.7nH 3.4pF
11 RDY# Input2

12 GND GND 270.0m 5.3nH 4.0pF

HERE DO, D1 are to be modeled as 1/01, /02 buffers followed by RDL Spice and
represent a differential buffer

Page 70 of 86
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Solution: Include IBIS /O table model in an
[External Circuit] using the new [Model Call]
1/01 and 1/02 are followed by RDL Spice model

Component Die  Package Pins/balls
+

_________________________________________________________ T+ ommm o
[Model] [External Circuit]
o + o +
I/01 A_poref-—+-al—+-wccal VEC—+——-18-——+-+—-BBE--0 18 vco3
A_puref-—+-bl-+-vccaz | |
o_drive--| »———+-a_signal—+-cl-—+-int_jol dJol-+--—-5-———+-+-—888—-0 5 DO
o_enable-|/ /| | a_pdref-—+-dl-+-wssal
b_receive--< |-+ A_goref-—+-el-+-wssal I
Bt + | ROL_ |
[Mode] | Interconnect |
B + |
1/02 A_poref-—+-a2—+-vwochl |
| A_puref-—+-h2-+-vcch2 |
o_drive--| =———+-A_signal—+-c2—+-int_jo2 dJo2-—+---9-———+-+-—88E——-0 9 D1
o_enable-|/ /| | A_pdref——+-d2—+-vsshl | | |
D_receive——<\l—+ A_gcref——T—e2—+—vssb2 gnd—+———12———T—T——@@@——o 11 GHD

F e e T e + e e e + | |

_________________________________________________________________

Solution: Include IBIS 1/0 table model in an
[External Circuit] using the new [Model Call]

[Node Declarations] | Must appear before any [Circuit Call] or [Model Call] keyword
|

| Die nodes

alblcldlel | List of die nodes representing signals that connect models

a2b2c2d2e2

[End Node Declarations]

|

| NOTE:

| A [Model] named "I/O1" must be present in the IBIS file in order to enable

| the tool to instantiate and connect the called model "as usual" based on

| the IV and T-V curves as well as the subparameters under the corresponding
| [Model] section.

|
[Model Call] /01 | Instantiates [Model] named "1/01"

|

| mapping port pad/node

|

Port_map A_pcref al | Port to internal node connection
Port_map A_puref bl | Port to internal node connection
Port_map A_signal cl | Port to internal node connection
Port_map A_pdref d1l | Port to internal node connection
Port_map A_gcref el | Port to internal node connection

|
[End Model Call]
|
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‘ Solution: Include IBIS /O table model in an
[External Circuit] using the new [Model Call]

- |NOTE:

= | A[Model] named "I/02" must be present in the IBIS file in order to enable
= | the tool to instantiate and connect the called model "as usual" based on
= | the I-V and T-V curves as well as the subparameters under the corresponding
= | [Model] section.

=

= [Model Call] I/02 | Instantiates [Model] named "1/02"

=

= | mapping port pad/node

=

= Port_map A_pcref a2 | Port to internal node connection

= Port_map A_puref b2 | Port to internal node connection

= Port_map A signal c2 | Port to internal node connection

= Port_map A_pdref d2 | Port to internal node connection

= Port_map A_gcref e2 | Port to internal node connection

=

= [End Model Call]

=

‘ Solution: Include IBIS 1/0 table model in an
[External Circuit] using the new [Model Call]

= [Circuit Call] RDL_Interconnect | Instantiates [External Circuit] named "RDL_Interconnect”
.

|
= | mapping port pad/node
.

|
= Port_map vcc 18 | Port to implicit pad connection
= Port_map gnd 12 | Port to implicit pad connection
= Port_map iol 5 | Port to implicit pad connection
= Port_map io2 9 | Port to implicit pad connection
= Port_map vccal al | Port to internal node connection
= Port_map vcca2 bl | Port to internal node connection
= Port_map int_iol cl | Port to internal node connection
= Port_map vssal di | Port to internal node connection
= Port_map vssa2 el | Port to internal node connection
= Port_map vccbl a2 | Port to internal node connection
= Port_map vcch2 b2 | Port to internal node connection
= Port_map int_io2 c2 | Port to internal node connection
= Port_map vssbl d2 | Port to internal node connection
= Port_map vssb2 e2 | Port to internal node connection
.

|
= [End Circuit Call]
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Agenda

Summary cadence

Summary

With increase in frequencies, we need enhanced
usage of External Model / Circuit

Qa

S-parameters are becoming common way to model
portions of 1/0O buffers and package parasitics; Hence need
to have direct support of S-parameter model under
[External Model/Circuit]. This has been proposed as
BIRD144

Significant portion of 1/O buffer gets modeled as Spice/S-
parameters to augment the main analog buffer to capture
the high frequency behavior; Hence need to have easy way
to connect External Circuit to I-V/V-T table-model. This has
been proposed as BIRD145

Page 73 of 86
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‘ Summary

= BIRD144 and BIRD145 can be accessed at
http://www.eda.org/pub/ibis/birds/

o The BIRDs would be considered and discussed
by the IBIS open forum

o Other BIRDs will also be considered that might be
alternatives or add-on to this proposal

cadence
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T

T-Coils and Bridged-T Networks

Bob Ross
bob@teraspeed.com

i‘ﬁls Asian IBIS Summit

Taipei, Taiwan
November 21, 201 |

(Portions presented earlier at IBIS Summit meetings
September | 1, 2007, February 3, 2011, and May | 1, 201 1) z
TERASPEED

© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Page |

Topics and Goals

Old technology, current applications
— Historical overview
— Some recent applications
— Some extensions
* Introduce standard T-coils and features
* Relates to IBIS and IBIS-AMI and IBIS-ISS
— Some Recent SerDes design methods use T-coils
— SPICE subcircuit, Laplace transform, S-parameter
representations

TERASPEED
© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 2
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Bridged T-coil Properties

* T-coil summary
— Constant R provides ideal load or termination

— Up to 2.82 bandwidth improvement (BWER or
bandwidth extension ratio) over RC based bandwidth

— 2.73 improvement for acceptable 0.4% overshoot to
ideal step input (MFED or maximally flat envelope
delay design)

— Complexity reduction (poles/zero cancellation)

* Now used in high-speed buffer design

— ESD (electrostatic discharge) compensation

— Bandwidth improvement

TERASPEED

© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 3

(Constant R) Bridged T-coil Example

1/sCg
=
: : A
Vgr v Vr
sL sL
sM
V¢ R
Constant R 1/sC
L=R:C2 A4 T l
Increasing C
M =R2C, —L/2 B
2 Poles 30
Ve _ 1 RC degrees for
v R?CCgs? +——s+1:” maximally
RZC . flat envelope
Ve R2CC,s? —73 +1 delay (MFED)
Vo Rices s s =2
2 TERASPEED
CONSULTING

© 201 | Teraspeed Consulting Group LLC

GROUP
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T-coil Improvement
(terminated multi-drop Line)

/LN

Rsource = 10 O, Rload =50 Q
C=2pFRTL=500Q,200 ps

5.0E-10 1.0E-09 15E-09 2.0E-09

Vin =0 to 3.3V,50 ps ramp
V4 /
I/ I/
— VA s "
: M \\ T T
Cleaner and faster responses, but with more delay B
TERASPEED
Page 5 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Wang Algebra — 75+ Years Ago

K.T. Wang, “On a new method of analysis of
electrical networks,” in Memoirs 2, Nat. Res. Inst.
Eng. Academia Sinica, pp. 1-11, 1934

S.L. Ting, “On the general properties of electrical network
determinants,” Chinese J. Physics, vol |, pp. 18-40, 1935

C.T. Tsai, “Short cut methods of Wang algebra of network problems,’
Chinese J. Physics, vol. 3, pp. 141-181, 1939

R.J. Duffin and T.D. Morley, “Wang algebra and matriods,” |IEEE Trans
Circuit and Systems, vol CAS-25, no 9, pp. 755-762, Sept., 1978

W.K. Chen, Graph Theory and Its Engineering Applications (ch. 5, sect. 4,
“The Wang-algebra formulation”), World Scientific Publ., 1997

Woang Algebra:

’

XX =0
xix=o | =
Xy = v =

TERASPEED

Page 6 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Solving [V]=[Z][I] for Zin= 1/Yin =R
(Wang Algebra)

Loop Equations:

Yin=l/e a..eare
impedances
—
e=R

" denominator  (a + d) *[WI* (numerator)

Vi < _umerator _ (atih+c) W (b+d +e)
e

XX=0 — ab+ad +ae+# +bd + be+bc +cd +ce
X+X=0 —» apfl +abe+abc+acd +ace + g + ade + bde + bed + cde

(after
XX=0) i ab+ad +ae+bd +be+bc+cd +ce B
abc + abe + acd + ace + ade + bde + bcd + cde
TERASPEED
Page 7 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Constant R Constraint

L€
—1{ a | b
R
’ R
General
Substitute
Rz(a+b
d(a+b)+ab+R(a—b)—R2—¥=0 impedances and
¢ equate powers of the
. _ Laplace variable “s”
Symmetric (a = b) for constant R
2R?2a relationships
2da+a?-R?2-———=0 P
c =2
TERASPEED
Page 8 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Constant Input Impedance
Transfer Function Simplification

I c | V¢=V(etf)le e
A\
v d Vs A4
—{a 5] I

Zin=e H E <:> =

Thevenin Equivalent Circuit A constant impedance circuit
atV for Transfer Function plus “V¢“ and “f”” without loss
of generality
v m Vd The “f” is selected to null out
“c” and reduce network
b’ = b[a/(a+b)] complexity ... next slide
e= e[al(a+b)] TERASPEED
|_Pacc 9 © 2011 Taraspeed Consulting Group LLC CONSULTING
GROUP
Thevenin Equivalent Derivation
at Vd (for Vth and Zth)
V= V(etf)le V¢ =V(etf)le =V[(a+b)/b]
Y
= Relative values
f|=e[ab
e[alb] off,a,b,and e
. | implyVth =V
for any c
Zth a | = b[a/b]
|:c;| —|; Vth =V
E E Set f = e[a/b] ] v vy
to null out c b ﬂ |
& |
Zth = b’ = b[a/(a+b)]
| [e]|eronEn= T | o= ety
(b+e)[al/(a+b)]
T TERASPEED
Page 10 © 201 | Teraspeed Consulting Group LLC CONSULTING

GROUP
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Simple Application (a=b)

1/sCyq
e

ml
v Vd
— b e] v J_/mm{

sL

b’ = b[a/(at+b)]
e’ = e[a/(at+b)] V¢

b’=sL/2,e’=R/2,d =sM +1/sC
VclV = [1IsICY/[(L/2 + M)s + R/2 + |/sC]
Vc/V = 1I[R2CCgs? + RCs/2 +1]
(from simplification and constant R constraint) B

TERASPEED
CONSULTING

Page |1 © 201 | Teraspeed Consulting Group LLC
GROUP

(Constant R) Bridged T-coil Example

1/sCg
=
: : L
Vgr v Vr
sL sL
sM
- Constant R T I/sC |
L = R2C/2 -~
M = R2C, — L/2 Increasing CB/v Poles 30
Ve _ 1 degrees for
maximally

Ve

V' RecCs+ RCsinr
2 . flat envelope

delay (MFED)

R2CC,s? —%s +1

Ve _
\V RC
R2CC,s2 +—s+1
2 TERASPEED
Page 12 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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______ N

Historical Applications (1)

High speed (traveling wave)
distributed amplifier in
1940’s (Similar to GTL and
source synchronous

Iy T T
H
Foma] L
Q i
- S —

Figure 3. Basic Amplifier

control)

Dual input delay line
phase equalization
using cascaded
printed circuit board
T-coils in 1960’s

o TERASPEED
Page [ = © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
Historical Applications (2)
High speed 50 Q input for FET hybrid
IC and with metalization (not shown)
>

Wfar'l’-cmls in I.990 s

S

3 j=sos

__c||

.?Ez‘f@"r"rf
+9%2

L e — T ]

S i
30 1
32 maso

Page 14

Parasitic bandwidth limit
switch compensation and
interstage peaking in 1960’s
(and W301)

© 201 | Teraspeed Consulting Group LLC

TERASPEED
CONSULTING
GROUP
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Historical Applications (3)

Package bond wire
compensation with T-coil
trick in 1970’s

One-half of hybrid IC differential 50 Q input and 50 Q output with
asymmetrical T-coils in 1970’s (Current mode logic-like output)

TERASPEED

© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Early Asymmetrical Lossy T-coils

o
Two Types of Lossy Capacitor T-coils 22
ROSS CONSTANT-RESISTANCE T-COIL éL 2]
W . M. 4
le==C; L;‘
£
' 26
Re = Eo
=
———— Two Pola Respanse 201:&
3 Cr+RICCR S
HALLEN MINIMUM VSWR T-COIL L 'L

T.T.True patent
(1964)

| ! AR - Tuned for bipolar z

P transistor technolo

sl gy TERASPEED
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Constant Input-R, 2"Y Order Extensions

Standard Series Rs T.T.True
Re
Cs o
Ly L, Ly L,
Ls Ls
c 2R R
S

|| =B
R, Ly ' R,
Lan—n
Ly
Rs
Re c R R
(d)
General General
Fig. | Fig.2
Symmetrical (Z,=2,), Asymmetrical
Rg added (Z, not=2,) TERASPEED
© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 17

2"d Order Root Loci for Increasing Cg:
(a) without R, D,=0 (b) with R,

Jo jo

77 N\
) _’/‘_ : ‘_\"a

AN N
@ (b)
Ve 1 B 1
V  B,+Bs+B,;s? B,+(D,+DC;)s+D,Cys?

center = —&, radius = L 1- D,D, .
> R = X
TERASPEED
© 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
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Examples for all Extensions

R =50Q,C =4pF,Rs =10 Q, Rp =500 Q, Pole Angle = 30° & 45°, R selected for Fig. 2(d)
Symmetrical T-Coils Asymmetrical T-Coils
Load | Standard C Rs-C RpC Rs-RpC Rs-C RpC Rs-RpC Gen.Rs-RpC
Fig. 1(a) 1(b) 1(c) 1(d) 2(a) 2(b) 2(c) 2(d)
R, 25Q 25Q 1.907 Q
R, 25Q 250 5.556 Q 5.435 Q 3.100 Q
Rg 250 Q 2000 O 22220
L, 5nH 5nH 5.025 nH 5.025 nH 4nH 5.409 nH 4.257 nH 3.888 nH
L, 5nH 5nH 5.025 nH 5.025 nH 6 nH 5.702 nH 6.612 nH 6.127 nH
Gain 1 1 0.95 0.95 1 1 0.98 0.943
Cg (30° | 0.333pF 0.653 pF 0.362 pF 0.698 pF 0.480 pF 0.364 pF 0.504 pF 0.489 pF
[ (-1.667 nH) (-0.867 nH) (-1.609 nH) (-0.767 nH) | (-1.200 nH) (-1.867 nH) (-1.330nH)  (-1.154 nH)
BW 2.167GHz 1548 CGHz 2.136GHz 1.536GHz | 1.806 GHz 2.075GHz 1.780GHz  1.841 GHz
BWER 2.723 1.945 2.684 1.930 2.269 2.607 2.237 2.314
GBWER 2.723 1.945 2.550 1.834 2.269 2.607 2.193 2.182
Cg (45°) || 0.500 pF 0.980 pF 0.552 pF 1.074 pF 0.720 pF 0.556 pF 0.772 pF 0.750 pF
[ (-1.250 nH) (-0.050 nH) (-1.133nH) 0.173nH | (-0.600 nH) (-1.387 nH) (-0.659 nH)  (-0.504 nH)
BW 2.251GHz 1.608 GHz 2.198GHz 1.575GHz | 1.876 GHz 2.135GHz 1.829 GHz  1.893 GHz
BWER 2.828 2.020 2.763 1.980 2.357 2.683 2.298 2.378
GBWER 2.828 2.020 2.625 1.881 2.357 2.683 2.253 2.243
TERASPEED
Page 19 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP
L] o
General Asymmetrical Calculations
. | A [} c D E . -3 1 H ] ] [} La
f ' Bridged T-Ced Inpun =
" 2 A [)
= |2 ) s L] 127
= — m | w
FE Gp (URe) | 0002 L
"BE} Ry 15073
5 ; :.! Testop (3] S ’
4 L ;B
§ < :: Catcutated Values Ve, Formulss i T
i = 2 ColpF)  |07asaTa0n ‘:&ﬂ‘ z..
- - . - Choose R, above 8o
q; 17 that R;)Iﬂ |
. RlRG,-
i ’_" ';:f:]"‘ 2 0FeG006N n,u-a.m.-;)m.
bl KU GriRy*Ry-AN | | | | | |
¥ - et sataren | e ) 0 02 04 [ 08 1 1.
‘; = | 10 R Time (ns)
. Ry-RNR Ry
§ Lo | 3omssaras | A .a‘{:;::
FE | enwe |
= H LyfoH) | 6AG70amsaT
. E” LainH) | 0.503mes0ds| RICHLiLaILitL)
‘; Ve NV=1/{8y+ D40, C o+ D Can’) Gain and BW Parsmeters
. By 1.D8MET00T “':’;"‘x‘:" 0542994118 Gain
] by 012ENI | RELALyeLy) 1800664800 | 3 B BW (GHz)
bij D, 5 R'Ga 2370000 | BW shatipher
n —— -
b1 Pale Roots 1
2 Cantar H RRREDARRS, -A.M. 9
L s Tr— [ |- meom—r—r— 9Ll 42 /0058 5 n RASPEED
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Parameterized SPICE Automatic
T-coil Design Subcircuit

*ASYMMETRICAL T-COIL WITH PARAMETERS

* PARAMETERS

** ENTER
_param R = 50 $ Load Resistor
_paranm C = 4e-12 $ Load Capacitance

_param RS = 10 $ set *max(le-10, 10)*  $ Series Resistor
_param RP = 500 $ set *max(le-10, 500)° § Parallel Resistor

_param CB = 0.653p
_param R1 = 2 $ set "max(le-10, 2)* $ Select R1 with RP>0
** CALCULATED

_Param GP = "1/RP* $ Parallel Conductance
_param R2 = "max(le-10, (R*R*GP-R1*(1+(RS+R)*GP))/(1+(RL+RS-R)*GP)) "
_param LT = *(R-R1)*(R-R1)*C/(1+(R1+RS-R)*GP) "

_param L1 = *(R1-R)*(R1+RS-R)*C/(1+(RL+RS-R)*GP+SQRT (1+(RL+RS-R)*GP)) "
_param L2 = "LT-L1"
3 = "R*R*CB-L1*L2/(L1+L2)"

_paran L

* ASYMMETIRCAL T-COIL CIRCUIT (Ground = 0)

XCOILL in outc outr TCOIL_ASM
RLOAD 0 outr R="R"

* SUBCKT: TCOIL_CONSTANT RESISTANCE T-COIL (RL)

.SUBCKT TCOIL_ASM in outc outr

L 1 d L="L1'
L2 2 d L="L2
R1 in 1 R="R1
R2 outr 2 R="R2
CB in outr C="CB'
L3 d 3 L="L3" $ Negative L3 ok
Gz bR z
C outc 0O c="C*
RP outc 0 R="RP*"
-ENDS
TERASPEED
Page 21 © 201 | Teraspeed Consulting Group LLC CONSULTING
GROUP

More Recent Work in Last 10 Years
(dozens of contributions)

* Technical literature (journals, conferences, thesis, and
patents) for up to 40 Gb/s designs

* T-coil types
— Standard

— Extended — multiple higher order with/without bridging
capacitance

— Sometimes with other C’s and losses
* Part of high speed designs
— ESD compensation
— Acceptable (but not 0) SI | and extended (>4) S21 bandwidths

— Up to 5 order to polynomials fitted by (Bessel coefficients,
optimization or approximation equations)

* Inductance structure contributions
 Splitting the C load strategies for better performancez

TERASPEED
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Example of a Recent IC T-Coil
Application

Low SI1 with a forth order
polynomial extension and
lossy fabrication for ESD
compensation

Fow
PR 50 12 saminaion
7 @ sopH20pH 70 . 10F
E‘_l_'.--.u.l_'n mﬂ"\f,' . gy =50 1
. ./ {copochonce

M. Kossel, C. Menolfi, ). Weiss, P. Buchmann, G. von Bueren, L. Rodoni,
T. Morf, T.Torifl, and M. Schmaltz,“A T-Coil-Enhanced 8.5 Gb/s High
Swing SST Transmitter in 65 nm Bulk CMOS With < -16 dB Return
Loss Over 10 GHz Bandwidth,” IEEE ). Solid-State Circuits, Dec.

TERASPEED
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* Some T-coil background and history

» Second order extensions for lossy design
applications
— Due to more detailed load models
— Due to inductor fabrication losses

— Parameterized by C, for greater solution space versus
often used inductor coupling coefficient

— Used in current IC buffer design including SerDes

e T-coils can be a factor in IBIS-AMI and IBIS-ISS

applications z
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AGENDA AND ORDER OF THE PRESENTATIONS

(The actual agenda might be modified)

10:05

10:25

10:55

11:25

12:00

IBIs SUMMIT MEETING AGENDA

REFRESHMENTS & SIGN IN
- Vendor Tables Open at 8:30

Welcome
- Sogo Hsu
(Foxconn Technology Group, ROC)
- Michael Mirmak
(Chair IBIS Open Forum, Intel Corporation, USA)

IBIS Status and Future Direction coe .
Mirmak, Michael (Intel Corporation, USA)

IBIS Parsers Ce e e e e e e e e e e e
Bob Ross (Teraspeed Consulting Group, USA)
BREAK (Refreshments and Vendor Tables)

Power Aware Features of IBISv5.0 - Accuracy and Challenges
Vipul Pursottam Patel, Prabhat Ranjan, and Richa Ahuja
(STMicroelectronics, India)

Modeling the On-die De-cap of IBIS 5.0 PDN-aware Buffers
Lance Wang* and Randy Wolff*x*
(*IO0 Methodology, and **Micron Technology, USA)

Power-aware I/0 Modeling for High-speed Parallel Bus
Simulation
Jack W.C. Lin#, 2ZuLi Qin##, HaiSan Wang##, and
Raymond Y.Chen### (Sigrity, #ROC, ##PRC, ###USA)

FREE BUFFET LUNCH (Hosted by Sponsors)
- Vendor Tables

10

18

26

34





13:

14:

15:

15

16:

16:

30

15

00

: 20

00

30

AGENDA AND ORDER OF THE PRESENTATIONS (Continued)

Board-only Power Delivery Prediction for Voltage Regulator . . . . . 46
and Mother Board Designs
Jianggl He# and Y.L. Li## (Intel Corporation, #USA, ##ROC)

Supporting External Circuit as Spice or S-parameters in . . . . . . 61
Conjunction with I-V/V-T Tables

Kent Drumstad*#, Adge Hawes*##, Taranjit Kukal**###,

Feras Al-Hawari**#, Ambrish Varma**#, and Terry Jernberg**#

(*IBM, #USA, ##United Kingdom,

**Cadence Design Systems, ###India, #USA)

BREAK (Refreshments and Vendor Tables)

T-Coils and Bridged-T Networks . . . . . . . . . . . . . . . . . . . 15
Bob Ross (Teraspeed Consulting Group, USA)

Concluding Items

END OF IBIS SUMMIT MEETING





