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Topics

* |IBIS ICM Model Introduction
— What's IBIS ICM Model
— What can we do with ICM model
— ICM model structure
 |CM model usage scenario
— Black box model
— Package model
— S-parameter support
— ICM swath model support

e Summary
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IBIS ICM

* IBIS Interconnect Modeling Specification
— |ICM stands for InterConnect Modeling

« The goal of the ICM

— Provide a better, *more accurate*, non-proprietary interconnect
data exchange format

 Faster & accurate simulations
 Smaller file size

e |ICM history

— Final Draft 1.0 released publicly May 16, 2003
» See IBIS web site under “Connector Info”

— Version 1.1 “ICM” specification approved in July 2005
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What can we do with ICM model

e |ICM supports models for Connectors, PCB traces and
|C-Packages

 |CM can include
— RLGC Matrices
— Swaths
— S-parameters

cadence
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Section of ICM

« Each section is made up of a Single Line Model (SLM)
or Multiple Line Model (MLM)

A matrix section is a set of tables of numerical values
that represent the electrical relationships between all
conductors of a given geometry

e S-parameter can be used in place of RLGC matrix

cadence
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Section: ICM core unit structure

/—[Begin ICM Section]
—[Derivation Methodl]
—[Resistance Matrix]
/— [Bandwidth]
| —— [Frequency]
\— [Rowl]
— [ Inductance Matrix]
/— [Bandwidth]
| —— [Frequency]
\— [Row]
—[Conductance Matrix]
/— [Bandwidth]

| —— [Frequency]
\— [Rowl]

— [ Capacitance Matrix]
/— [Bandwidth]
| — [Frequency]
\— [Rowl]

—[ICM S—parameter]
File name
Port assignment

\—[End ICM Section]
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ICM model usage scenario

 |CM models can be used during pre-layout and post-
layout analysis

e Two cases are presented

— Casel: In pre-layout simulation, ICM model is used as a Black
box model in a topology

— CaseZ2: In post-layout simulation, ICM package model is
assigned to a component IBIS model on the PCB

cadence
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Example: ICM model of PCIl express package

' Script Eile Edit Search View Tools Window Help

& Model Integrity - [pci_package.icm] Q@E|

cadence ¥ *

Mo HE &% (o ]

| x|

[] @ pci_package |

[ICH Ver]
[File Rew]

[Date]
[Source]
[Motes]

[Pisclaimer]
[Copyright]

[End Header]
|
|

[Begin Header]

1.1
1.8

[File Hame] pci_package.icm

10/4/20886

From SPICE model data at Corporation ......

The following information corresponds to the PCI Expresss
and DHI interface for one chipset.

This ICH model is provided in connection with ...
Copyright (C) 2886, .....

[Redistribution] Ho

[Begin ICH Family] Pk_DMI_PXP_Package
[Manufacturer]
[ICH Family Description] PK_DHI Wirebond Package for PCI Express* & DMI

Corporation ......

|
[ICH Model List]

| Hame Hating Hin_Slew Time Image
|
RLGC-short-TRL-short-pbar HMated 5ops
|
|
wirebond TRL wvia ball
Die_side >-—————--—- G Pm== Pm== Pem—mem==o < Ball_side
|
|platingbar

|

Units below assumed to be meters

& Model Integrity - [pci_package.icm]

:Iffﬂ Script Eile Edit Search “iew Tools Window Help

MDSsEHE &2 iv

b

=l
ﬂ@ pci packane | |
File Edit

Close Selected
Save Selected  CirHS
Close &ll

ﬁ Save All

ﬁ Select All
3

N E:‘ Physical ... ﬁ Ohject Wiew

pi_package. icm]

| 1cMto BlackBox

x| Results of the most recent parse:
IBIS ICH Parser, version 1.1.2
Finished. ERRORS: 0 WARMINGS: @
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ICM to Packagetlode|

Sort All By Mame
Sart All By Type
Sort All By Path

I

|
[Begin Header]

[ICH Ver] 1.1
[File Rev] 1.8
[File Hame] pci_pa

[Date] 16747,
[Source] From !
[Notes] The fi

and DI
[Pisclaimer] This |
[Copyright] Copyr:

[Redistribution] Hi
[End Header]

|
|
|
[Begin ICH Family]
[Hanufacturer]
[ICH Family Descri)
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Device model case (Black box model)

El Model Integrity - pci_package.dml

EScript File Edit Search Wiew Tools Window Help

LB

MDD HG &2

cadence
SEh G G e F RO

=
o poi_package
+- Wl poi_package

[ Physical ... | %] Object view

&l pci_package.dml|

{pci_package.icm
(PackagedDevice
(RLGC-short-TRL-short-pbar
{Hanufacturer "Corporation
{HodelVersion "1.8")
{ModelDate *“18/4/28086")
{HodelSource "From SPICE model data at Corporation
{NHotes "The following information corresponds to the PCI Express= —
and DMI interface for one chipset.
[IGH Uer] 1.1
[Copyright] Copyright {(C) 2806,
[Redistribution] HNo

")

{Disclaimer "This ICH model is provided in connection with ...")

{ESpice ".subckt RLGC-short-TRL-short-pbar Die_side.R¥P1 Die_side.RXN1 Die_side.TXP1 Die_side.T
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.1 Die_side.RXP1 Die_side.RXM1 Die_side.TXP1 Die_side
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.2 section_Pk_DHMIdt_px=p_wb_1258MHz_rlc_rev18.1.1 sect
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.3 section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.2.1 sect
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.4 section_Pk_DHMIdt_px=p_wb_1258MHz_rlc_rev18.3.1 sect

Xsection Pk_DMIdt pxp t1l 1258MHz_reu1@.1 41 42 43 44 45 46 47 48 61 62 63
¥section_Pk_DHMIdt_pxp_viaball_1258HMHz_vrlc_revi18.1 61 62 Ball_side.REP10UT
¥section_Pk_DHMIdt_pxp_viaball_ 1258HMHz_vrlc_rev18.2 63 64 Ball_side.TXP10UT
Xsection_Pk_DHMIdt_pxp_viaball_1258MHz_rlc_rev18.3 65 66 Ball_side.RXP20UT
¥section_Pk_DHMIdt_pxp_viaball_1258HMHz_vrlc_revi18.4 67 68 Ball_side.TXP20UT
¥section_Pk_DHMIdt_pxp_pbar-r1_1258HHz_rev18.1 61 62

%1 %2 Pk_DHIdt_pxp_pbar-r1_1258MHz_rev18 Le

64 65 66 67 68 Pk_DHI
Ball_side.RXN10UT Pk
Ball_side.TXN10UT Pk
Ball_side.RXHZOUT Pk_
Ball_side.TXN20UT Pk_

Xsection_Pk_DHIdt_pxp_pbar-r1_1250MHz_rev18.2 63 64 x3 x4 Pk_DMIdt_pxp_pbar-r1_1258HHz_rev18 Le

¥section_Pk_DHMIdt_pxp_pbar-r1_1258HHz_rev18.3 65 66
¥section_Pk_DHMIdt_pxp_pbar-r1_1258HHz_rev10.4 67 68

-subckt Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev1® 1.in 2.in

3.in 4.in 5.in 6.in 7.

®5 ®x6 Pk_DHMIdt_pxp_pbar-r1_1258MHz_rev18 Le
%7 ®%8 Pk_DHMIdt_pxp_pbar-r1_1258MHz_rev18 Le

in 8.in 1.out 2.out 3

HsubcktPk_DMIdt_pxp_wb_1258MHz_rlc_revi1® 1.in 2.in 3.in 4.in 5.in 6.in 7.in 8.in 8 1.out 2.out

DATAPDINTS RLGC

RHATRIX

1.9582E-01 3.1773E-02 2 _1626E-82 1.6534E-82 1.1281E-02 8.6465E-083 6.5733E-

Kl

83 6.7483E-03

5

poi_package.icm peipackage.dml
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Case 1: ICM acts as device model (Black box
model)

 The package ICM model has been wrapped into one
black box model, just like one connector

cadence
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Voltage [V]

Case 1: Simulation Results comparing
(with/o ICM model)

sunl: (PCIE_BASE U2 P5) PCIE_BASE U2 P5 Pulse Typ Reflection

casell - Wed Aug 03 15:10:10 2007

06 E I I I I I |
05
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0.3

0.2

01

0.1
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Time [ns]

PCIE_BASE Ul R7_PCIE_BASE Ul R&_diff

PCIE_BASE U1 R7_PCIE_BARSE Ul RE_diff
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The pink line
represents the
simulation with
ICM model

The black line
represents the
simulation
without ICM
model
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Package model case (associating with its
corresponding IBIS model)

&l Model Integrity - pci_package.icm

:Script Eile Edit Search Yiew Tools \Window Help cadence
iMDsRH& & 2 i I0h G o@ G M ol
=l x|
o &l pci_package.icm il
| {pci_package.icm
[Begin Header] {Packageiodel
[ICH Uer] 1.1 {RLGC—short-TRL-short—-pbar
[File Rew] 1.8 (PinHame ToHumber
[File Hame] pci_package.icm {RXP1 283)
[Date] 18/7,4/2006 {RXH1 284)
[Source] From SPICE model data at Corporation .... {TXP1 285)
[Hotes] The following information corresponds to (TXH1 206)
and DHMI interface for one chipset. {RXP2 287)
[Pisclaimer] This ICH model is provided in connection ! (RXH2 208)
[Copyright] Copyright (C) 2886, {TXP2 289)
[Redistribution] Ho (TXH2 218)
[End Header] b
{(CircuitHodels
{BlockCircuits
{SignalCircuits
[Begin ICHM Family] PK_DMI_PXP_Package {283-218
[ManufactuHer] Corporation (SubCircuitMame RLGC-short-TRL-short-pbar)
[ICH Family Description] Pk_DMI Wirebond Package for PI (Terminals 283.in 284.in 2085.in 206._in 287 _.in 2
X))
{SubCircuits"
-subckt RLGC-short-TRL-short-pbar 283.in 284.in !
[ICH Hodel List] Xsection_Pk_DHMIdt_pxp_ wb_1258MHz_rlc_reul1B.1 202
| Mating Hin_Slew Time Xsection_Pk_DHMIdE_pxp_wb_1258MHz_rlc_revl18.2 sec
| Xsection_Pk_DHIdt_pxp_wb_1258MHz_rlc_revi1B8.3 sec
RLGC-short-TRL-short-pbar Hated Xsection_Pk_DHIdt_pxp_wb_1258MHz_rlc_reviB.4 sec
| ¥section_Pk_DHMIdEt_pxp t1l_1258MHz_rewvi1B8.1 41 42 4
| ¥section Pk _DMIdEt pxp viaball 1258MHz_rlc_ reuvlB.
wirebond TRL via Xsection_Pk_DHMIdt_pxp_wviaball_ 1258MHz_rlc_reul@.
Die_side > s R e R Xsection_Pk_DHIdt_pxp_viaball_ 1258MHz_rlc_revi@.
1 Xsection_Pk_DHIdt_pxp_wviaball_ 1258MHz_rlc_revi@.
Iplatingbar Xsection_Pk_DHIdt_pxp_pbar-v1_1258MHz_rev18.1 61
¥section_ Pk DHMIdt pxp pbar-v1_1258MHz _rev1B.2 63
Xsection_Pk_DHMIdt_pxp_pbar-r1_1256MHZ_rev18.3 65
Units below assumed to be meters Xsection_Pk_DHMIdt_pxp_pbar-ri1_1258MHz_reuv18.4 67
[Begin ICH Model] RLGC-short-TRL-short-pbar __I:JE -subckt Pk_DMIdt_pxp_wb_ 1258HHz_rlc_reviB 283.in + |
a1 ol Rl 37 I S
E."i = ﬁ pcl_package.lcm] pci_package.dml

Cadence Design Systems, Inc. - IBIS Summit Beijing China, September 11, 2007
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Case 2. ICM acts as package model

(=] - |

Devices | BondVires || FefDesPins

DevType Yalus-Refdes Signal Hodel Source Library
-0 CAPO_1T 0.107 0_1u cap CurrentDesign
= = DOWHSTREAM down=treamn CurrentDesign

& Uz down=treamn CurrentDesign
+-Z7 PYR_CONN
- = TPSTREAM up=tream CurrentDesign

& Ul up=s=treamn CurrentDesign

Edit Pins |Assiqn Power-Ground Pins| Assign Signal Pins

B R A
D O O N R
R R N A Y
P R N RN R]
R R R

Model Info Estimated Fin Par:

Model Hame up=streamn

Resistance ’_
Manufactursr : [Telian .

Capacitance ’_
Package Model : [RLGC—short—-TRL—she

Inductance : ’_

CEx

Device Library Files ice Capacitz

‘whorking: devices.dml

Browse models...
Femove library |

]
devices.dml

# Model Browser

Show Models From
Hodel Type Filter

Selected Device Library

Any

Hodel Hame Pattern

HodelHame

Hodel Type
ing device library "D /PY_content/kodellntegrity/16_=/1BIS _submit/ pcb/devices. dml'
sding SigMoize device libraries

ing device library 'D:/PY_content kM odellntegritys/16_=#1BIS _submit/pcb/devices. dml'
ior Doint
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Case 2: Simulation Results comparing (with/o
ICM model)

P L N RN AR RN AN LR R R AN LA
0.5

0.4 1

|||||||||||||1_|_|_1

0.3

0.2

NPT, FPPCTOPR FOTTOOO OO

0.1

.01 B4

Voltage [V]

[sm]
[T
T + ———

0.2

-D.BE

-D.4§—

-D.SE—
i—....I....|....I....|....I....|....I....|....I....|....I....|....I.... PR ....I....|....I.... I RS FEREE PR SEETE FRTS FEWEE PR STRTE FRRTS FRNT FETe STRT) TS SRS FRee) anen
2 3 4 5 f 7 g 9 10 11 12 13 14 15 16 17 13

Tirne [ns]

PCIE_BAZE U R7_PCIE_BASE Ul R&i_diff

PCIE_BAZE U1 R7_FPCIE_BASE Ul RE_diff
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S-parameter support

Model Integrity - test

Script Eile Edit Search Yiew Tools Window Help

IV &2 (o 4 B N T T ARG
=l
test = & el ¢ N [ 23l ki
5 &l test.icm Elpackage.d g@@ >
black, b out5 signals : (test.icm ;' {test.icm
d {Packagehlodel {PackagedDevice
{single-line-connector {single-line-connector
4 {PinMameToNumber {Hanufacturer "'Cadence HST
[End ICH Family] 1 {1 1) (ModelUersion "5 .8")
i 2 2) {HodelDate "Seb/B5/2886")
[Begin ICH Section] connector i {3 3) {HodelSource "Constructed
[Derivation Hethod] Lumped | (4 4) (Hotes “"Shanghai HSTC Team
[ICM S-parameter] i {5 5) if you have any questions, plea
File name test.s8p *in fact, the file na : b [ICH Ver] 1.8
Port_assignment i {CircuitHodels [Copyright] Copyri
. {BlockCircuits [Redistribution] §
{SignalCircuits [Redistribution Te
{1-18 )
{SubCircuitHame single-line-conneci (Disclaimer *'This ICH mode
{Terminals 1.in 2.in 3.in 4.in 5.1 Mo license, express or implied,
1) otherwise, to any intellectual
{SubCircuits™ by this document.'}
.subckt single-line-connector 1.in (ESpice ".subckt single-1i
Xsection_connector .1 1.in 2_in 3_ir ¥section_connector .1 plug.
.subckt connector 1.in 2.in 3.in 4. .subckt connector 1_in 2.i
SSection_connector 2.in 1.out 4.oul SSection_connector 2.in 1.
DATAPODINTS SPARAM DATAPDINTS SPARAM
R=50. 08480808 *# If R is missing the « R=50.808088 * If R is miss
* The allowed data units are [HZ,KHZ,.HHZ, #* The allowed data units are [HZ
DATAUNIT=HZ * If DATAUHIT is missir DATAUNIT=HZ * If DATAUHIT
= Hote that the R and DATAUNHIT statement: * Hote that the R and DATAUNIT s
* Each data point is in the real-imaginat * Each data point is in the real
| #*==*=xModified by Cadence Design System: *® trxsxxxxxxxxxxxx S—Parameters of a 18 | *® txxxxxxxxxxxxxxx S—Parameters
|[ibis2signoise] =t * 1t
| VERSIDN= vl16-1-39A * * PORT IHDEX HO. I = * PORT INDEX HO
INPUT= D:%PU_content\ModelIntegrity *x t 1 i = t 1
EXECUTED_AT= Thu August 9 16:83:1| * 1 2 I =t 2
FILE HOD_TIME= Thu Aug B89 16:86:33 * t 2 1 = t 3
OUTPUT= D:\PU contentiModelIntegrii * 1 4 H * 1 4
OPTIOHS= —-icm -u * t 5 1 = t L
* 1 (i} s * 1 (i}
|[icmchk.exe v16-1-39a] ! * % i 1 == % 7
1 EXECUTED AT= Thu August 9 168:608:; "|F * 1 8 e hal| | 8
« [ » [4]] » » lr 4
l::‘.‘ [ﬂ test.icm | package.dml I black_bux.dml]
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ICM Swath model support

e Swath model

A B C D E — Is a method of using a small

k——k——k——k——%

matrix section to define a
>< >< }’\/ },{ Swath much larger and variable size
ok Rk section of a connector
\/I\/I\/|\/ — This facilitates faster
/\NI/\/\/\ simulation, smaller file size,
k——k——*k——k——k and makes the creation of a
family of connectors much
k——k——k——k——k——k——k——k——%k easier

\/ [\ [\ |\ |\/|\/|\/|\/
ANVANVANVAY VAN PAY PANFA
k——k——k——k——k——k——k——k——3k Full Interconnect
\/ [\ [\ I\ |\ [\ |\ |/
ANVANVANVAY VAN FAY VAN FA
K——k——k——k——k——k——k——F——¥
1 2 3 4 5 6 7 8 9

cadence
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Expanding the swath matrix

A B C D E
k——k——k——k——k
\/ [\ |\/|\/
/NI/\NI/NI/\|  Swath
K ——F——k——F——%
\/|\/|\/[\/
ANVANFAY VA

k——k——k——k——%

Mapping of the swath data
* ok ok k%
|Hflﬁflﬁflﬁflﬁflﬁflﬁflﬁfl
Iy Iy Iy Iy Iy Iy Iy Iy
|fle%lfhlfklf\lfklf%lf%l
ek ke ke ke ke k&
|Kflﬂflﬁflﬁflﬂflﬂflﬁflﬁfl

5N Y 5N Y 5N Y 5N Y
|fleklf&lf\lfhlf\lf\lf\l
* ok ok kh __k __k__k__ %

1 2 3 4 5 6 7
L B C C C C C

Full Interconnect

=
- |

E

[ s

Three methods can be used to
expand a swath matrix into a full-
sized interconnect

1. Centering the Swath around the pins of
Interest

2. Expansion and Centering: Expanding the
Swath matrix into a larger sized Swath
matrix and centering it about the paths of
interest

3. Expansion to Full Sized Interconnect:
Expanding the swath matrix to the full sized
Interconnect matrix
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Summary

 |ICM models offer open, non-proprietary way
for vendors to provide interconnect models

to thelr customers

e |[CM models can be accurate for simulation at
higher frequencies *they can include
coupling*

cadence
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Thanks!

cadence

—

I



	Understanding and �Using ICM Models
	Topics
	IBIS ICM�
	What can we do with ICM model
	Section of ICM
	Section: ICM core unit structure
	ICM model usage scenario
	Example: ICM model of PCI express package
	Device model case (Black box model)
	Case 1: ICM acts as device model (Black box model)
	Case 1: Simulation Results comparing (with/o ICM model)
	Package model case (associating with its corresponding IBIS model)
	Case 2: ICM acts as package model
	Case 2: Simulation Results comparing (with/o ICM model)
	S-parameter support
	ICM Swath model support
	Expanding the swath matrix
	Summary 

