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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

« 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

« |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

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

cadence
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Section: ICM core unit structure

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

\— [Row]

—[ICM S-—parameter]
File name
Port assignment

\—[End ICM Section]

Cadence Design Systems, Inc. - IBIS Summit Beijing China, September 11, 2007

Sections are basic
units and core
structure of one

|ICM model
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ICM model usage scenario

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

 Three cases are presented

— Case1: In pre-layout simulation, ICM model is used as a Black
box model in a topology

— Case2: In post-layout simulation, ICM package model is
assigned to a component IBIS model on the PCB

— (Case3: Connector model

cadence
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Example: ICM model of PCIl express package

& Model Integrity - [pci_package.icm]

Script File Edit Search View Tools Window Help

cadence ¥

iMDEH@ & %

[7] @ pci_package

Physical ... | (4 Object tiew

pei_package. icm]

|
[Begin Header]

[ICH Uer] 1.1

[File Rew] 1.8

[File Name] pci_package.icm

[Date] 10/4/2086
[Source] From SPICE model data at Corporation ......
[Hotes] The following information corresponds to the PCI Expressx

and DMI interface for one chipset.
[Pisclaimer] This ICH model is provided in connection with ...
[Copyright] Copyright (C) 20886, .....
[Redistribution] Mo
[End Header]
|

B Model Integrity - [pci_package.icm]

l:f Script File Edit Search View Tools Window Help

|
|
[Begin ICH Family] Pk_DHI_PXP_Package

[Manufacturer] GCorporation ......

[ICH Family Description] PK_DHI Wirebond Package for PCI Expressx & DMI
|

1
1
[ICH Hodel List]

| Hame HMating Hin_Slew Time Image
|

RLGC-shor t-TRL-short-pbar Hated Saps

|

|

| wirebond TRL wia ball

|pie_side >——----—-—- G === Pm==f Pemomemem < Ball_side

| |

| |platingbar

JUnits below assumed to be meters

L

Cadence Design Systems, Inc. - IBIS Summit Beijing China, September 11, 2007

2 Results of the most recent parse:
IBIS ICH Parser, version 1.1.2
Finished. ERRORS: 8 WARNINGS: @

UDsE@ &2 io A
=i
!'_ el mgelpen . N | *EEEAAEERE AN EEED
ﬂ’: File Edit Begin Header]
ICH Ver] 1.1
Close Selected File Rev] 1.0
File Mame] pci_pac
Save Selected CERS o) ST
Close All Source] From ¢
Hotes] The fc
Il
) save 4 and Db
Select All Disclaimer] This 1]
Copyright] Copyri
ICM to BlackBox Redistribution] Ne
ICM to PackageModel End Header]
ICM tD matmmdﬁl 363 -3 3636 3 596 3E 3 3D
Sort All By Name X .
Begin ICH Family]
Sort All By Type Hanufacturer]
Sort All By Path ICH Family Descrif
I
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Device model case (Black box model)

El Model Integrity - pc

ackage.dml g@@

EScript File Edit Search Wiew Tools Window Help cadence

MoO=E&@ & %

=
T
-2
-
£
&

-} pci_package
+- Hl pci_package

&l pci_package.dml

(pci_package.icm
(PackagedDevice
(RLGC-short-TRL-short-pbar
(Manufacturer "Corporation ...... )
(HodelVersion "1.8")
(HodelDate "18/452886")
(ModelSource "From SPICE model data at Corporation ...... ]
(Hotes "The following information corresponds to the PCI Express= =
and DHMI interface for one chipset.

[ICGH Ver] 1.1

[Copyright] Copyright (C) 28686, .....

[Redistribution] Mo
")
(Disclaimer "This ICHM model is provided in connection with ...™)
(ESpice ".subckt RLGC-short-TRL-short-pbar Die_side .REP1 Die_side.R¥M1 Die_side.T¥P1 Die_side.T
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev1@.1 Die_side.RXP1 Die_side.RXN1 Die_side.TXP1 Die_side
Xsection_Pk_DMIdt_pxp_wb_1258MHz_rlc_reu18.2 section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.1.1 sect
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.3 section_Pk_DHIdt_pxp_wb_1258MHz_rlc_rev18.2.1 sect
¥section_Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18.4 section_Pk_DHIdt_pxp_wb_1258MHz_rlc_rev18.3.1 sect
Ysection_Pk_DMIdt_pxp_t1_1258HMHz_rev1@.1 41 42 43 44 45 46 47 48 61 62 63 64 65 66 67 68 Pk_DHI
¥section_Pk_DHMIdt_pxp_wiaball_1258HMHz_rlc_rev18.1 61 62 Ball_side.RXP10UT Ball_side.RXH10UT PK_
¥section_Pk_DHMIdt_pxp_wiaball_1258HMHz_rlc_rev18.2 63 64 Ball_side.TXP10UT Ball_side.TXH10UT PKk_
Xsection_Pk_DMIdt_pxp viaball_ 1258HHz_rlc_rev18.3 65 66 Ball_side.RXP20UT Ball_side.RXN20UT Pk_ :J
¥section_Pk_DHMIdt_pxp_wiaball_1258HMHz_rlc_rev18.4 67 68 Ball_side.TXP20UT Ball_side.TXH20UT PKk_
¥section_Pk_DHMIdt_pxp_pbar-r1_1258HHz_revi18.1 61 62 x1 x2 PKk_DHMIdt_pxp_pbar-r1_1256MHz_rev18 Le
¥section_Pk_DHMIdt_pxp_pbar-r1_1258HHz_rev18.2 63 64 x3 x4 PKk_DHMIdt_pxp_pbar-r1_1256MHz_rev18 Le
¥section_Pk_DHMIdt_pxp_pbar-r1_1258HHz_rev18.3 65 66 x5 x6 Pk_DHMIdt_pxp_pbar-r1_1256MHz_rev18 Le
Xsection_Pk_DMIdt_pxp_pbar-r1_1258HHz_rev18.4 67 68 x7 x8 Pk_DMIdt_pxp_pbar-r1_1258MHz_rev18 Le

.subckt Pk_DHMIdt_pxp_wb_1258MHz_rlc_rev18 1.in 2.in 3.in 4.in S5.in 6.in 7.in 8.in 1.out 2.out 3
NsubcktPk_DHMIdt_pxp_wb_1258MHz_rlc_rev18 1.in 2.in 3.in 4.in 5.in 6.in 7.in 8.in @ 1.out 2.out
DATAPDINTS RLGC

RHMATRIX

(K-

1.9582E-81 3.1773E-982 2_1626E-82 1.6534E-02 1_.1201E-82 8_6465E-83 6.5733E-03 6.74083E-03 i
4

Eﬂ Physical ... % Object view poi_package.icm  pei_package.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

10 Cadence Design Systems, Inc. - IBIS Summit Beijing China, September 11, 2007



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

siml: (PCIE_BASE U2 P5) PCIE_BASE U2 P35 Pulse Typ Reflection

casell - Wed Aug 08 15:10:10 2007

E ' ' ' | ' '
1: |

b 1 The pink line
o 3 represents the
- 1 simulation with
. | ICM model
ab The black line
b represents the
N simulation
h without ICM
L model

e s
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Package model case (associating with its
corresponding IBIS model)

Model Integrity - pci_package.icm E@@
Script Eile Edit Search Yiew Tools \Window Help cadenc
N e &2 i ieh G oM T m e T
i
@pci_package.icm = pci_package . dr gia
g {pci_package.icm =
[Begin Header] {PackagebModel
[ICH Uer] 1.1 i {RLGC-short-TRL-short-pbar
[File Rewv] 1.8 : {(PinHame ToHumber
[File Hame] pci_package.icm | {RXP1 283)
[Date] 108/4/72006 (RXN1 284)
[Source] From SPICE model data at Corporation .... {TXP1 285)
[Hotes] The following information corresponds to - {TXH1 286)
and DHMI interface for one chipset. : {RXP2 287)
[Pisclaimer] This ICH model is provided in connection ! § {RXNZ 288)
[Copyright] Copyright (C) 2886, {TXPZ 289)
[Redistribution] Ho (TEHZ 218)
[End Header] j]
(CircuitHodels
{BlockCircuits
{SignalGircuits
[Begin ICH Family] PKk_DPHI_FPXP_Fackage (203-218
[Hanufacturer] Corporation (SubCircuitNHame RLGC-short-TRL-short-pbar)
[ICH Family Description] Pk_DHMI Wirebond Package for PI (Terminals 283.in 284.in 205.in 286_.in 287 .in 2
! )
| (SubCircuits"
1 -subckt RLGC-short-TRL-short—pbar 283.in 284.in !
[ICH Model List] Xsection PK_DMIdt_pxp_wb_1250HHz_rlc_reuli®.1 203
Hating Hin_Slew Time Xsection_Pk_DHIdt_pxp_wb_1258MHz_rlc_revi8.2 sec
1 Xsection_Pk_DHIdt_pxp_wb_1258MHz_rlc_revi18.3 sec
RLGG-short-TRL-short-pbar Hated Nsection_Pk_DHMIdEt_pxp_wb_1258MHz_rlc_revi8.4 sec
1 Xsection PK DHMIdt pxp tl 1258MHz reviB.1 &1 42 &
1 i Xsection_Pk_DHMIdt_pxp_wviaball_ 1258MHz_rlc_revi@.-
wirebond TRL via Xsection_Pk_DHIdt_pxp_viaball_1258MHz_rlc_revi@.:
Die side > e e e Xsection_Pk_DHIdt_pxp_viaball_ 1258MHz_rlc_reviB.:
| ¥section_Pk_DHIdt_pxp_viaball 1258MHz_rlc_revi@..
|platingbar ¥section_ Pk _DHMIdEt pxp pbar-+1_1258MHz _rewv18.1 61
! Xsection_PK_DMIdt_pxp_pbar-r1_1258MHz_rev18.2 63
Xsection_PK_DMIdt_pxp_pbar-r1_1250MHz reu10.3 65
Units below assumed to be meters ¥Xsection_Pk_DHMIdt_pxp_pbar-r1_1258HMHz_reuvi18.4 67
[Begin ICH Model] RLGC-short-TRL-short-pbar J_l -subckt Pk_DHMIdt_pxp_wb_ 1258MHz_rlc_revi18 283.in «
< (o L«1 | 7] IRIN| >

E."i = iﬁ pci_pac:kage.ic:m] pci_package.dml
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Case 2: ICM acts as package model

L

Devices | BondWires || RefDesPins

d

+-Z7] PYR_CONN

B

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

B I I O A A
B I A R R Y
O N
L O N N R RN
R R

Hodel Hame upstrean

LB

Device Libram Files

‘whorking: devices. dml

Browse models...
Fiemowve library |

devices.dml

# Model Browser

Show Model= From Selected Device Library w

Hodel Type Filter Any w

Model Hame Pattern |

ModelNHane Model Type

.ing device library 'D:/FY_content/Modellntegrity/16_<1B1S_submit/pcb/devices. dml'
sding Sighoize device libraries

.ing device library 'D:/PY_content/Modellntegrity/16_</1BIS_submit/pcb/devices. dml'
:tiok Doint
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DevType ValuesRefdes Signal Hodel Source Library
-0 CAPO_1T 0.10 0_1u cap CurrentDesign
= = DOWHSTREAM down=treamn CurrentDesign

& U2 down=treamn CurrentDesign

- = UPSTREAM up=treamn CurrentDesign
$ U1 up=treamn CurrentDesign

Model Info Eztimated Fin Far:

Resistance : ’_
Hanufactursr : |([Telian .

Capacitance ’_
Package Hodel : [RLGC—short—TRL—she

Inductance : ’_

woe Capacitz

re Delays
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WVaoltage [V]

Case 2: Simulation Results comparing (with/o
ICM model)

0.5

||\||||||\||J_|_|_A

0.4

0.3

0.2

SPTROR OO FOYTOONIOOTIOON

0.1

-0.1

-0.2

03 F

0.4

-0s

SETTTTTITTS

3 4 5 1] 7 3 9 10 11 12 13 14 15 18 17

Titne [115]

PCIE_BAZE Ul R7_PCIE_BASE U1 REi_diff

PCIE_BASE Ul R7_PCIE_BASE U1 RE_diff
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S-parameter support

&) Model Integrity - test.icm

EScript Eilz Edit Search Yiew Tools Window Help

& B

FE ]

=
32
B4

o)

D Ha & %
=
test | c
i L E test.icm
D] black_tw
1
2
3
n
5
6
7
B
9
1
be
*
[End]
|
|
|
|
|
|
|
< [ » |‘I||
Eﬂ-" . I testicm

[End ICH Family]

outs signals

[Begin ICH Section] connector
[Perivation Method] Lumped
[ICH S-parameter]

File_name test.s8p =in fact, the file na
Port_assignment

*Port Hode

in2

out1i

outhy

out3d

ink

outs

int

inS

out?

in3

[End ICH Section]

| #*#=x==xModified by Cadence Design System:
|[ibis2signoise]

[icmchk.exe u16-1-39A]

VERSION= vi6-1-39A

INPUT= D:%PU_content\ModelIntegrity
EXECUTED_AT= Thu August 9 16:83:1
FILE HOD_TIME= Thu Aug 89 16:86:33
OUTPUT= D:\PU_contentiHodelIntegrit
OPTIONHS= —-icm -u

EXECUTED AT= Thu Augqust 9 18:8

(test.icm

*

DPATAUNIT=HZ

LA T S BN B O T N B I A A

{PackageModel
{single-line-connector

{PinHameToHumber

{1 1)

{2 2)

(3 3)

{4 4)

{5 5)
)
{CircuitHodels
{BlockCircuits
{SignalCircuits
(1-18
{SubCircuitHame single-line-conneci
{Terminals 1.in 2.in 3.in 4.in 5.3
)
{SubCircuits™
.subckt single-line-connector 1.in
Zsection_connector.1 1.in 2.in 3.ir

.subckt connector 1.in 2_.in 3.in 4.
SSection_connector 2.in 1.out 4.oul
DATAPDINTS SPARAM
50.08008008 = If R is missing the o
The allowed data units are [HZ,KHZ,HHZ.
* If DATAUNIT is missir
Hote that the R and DATAUNIT statement:
Each data point is in the real-imaginat
¥ raxxxxxxxxxxxxx S-Parameters of a 18 |
L
PORT INHDEX HO. ————> |
iy
e it
____) 1
1
E

@SNV EWON -
|
|
|
|
W

(test.icm
{PackagedDevice
{single-line-connector

{Hanufacturer "'‘Cadence HST
{ModelVersion 5.8")
{HodelDate "Seb/85/2886")

{Modellource “Constructed
{Hotes "Shanghai HSTC Team
if you have any gquestions, plea
[ICH Ver] 1.8
[Copyright] Copyri
[Redistribution] S
[Redistribution Te
")
{Disclaimer *"'This ICH mode
Ho license, express or implied,
otherwise, to any intellectual
by this document.")}
{ESpice ".subckt single-1i
Xsection_connector.1 plug.

.subckt connector 1_.in 2.i

S$Section_connector 2.in 1.

DATAPDINTS SPARAM
R=50. 888888 = If R is miss
* The allowed data units are [HZ
DATAUNIT=HZ * If DATAUNIT
Hote that the R and DATAUHIT s
Each data point is in the real
faxxxxxxxxxxxxxx S—Parameters
.

PORT IHDEX HO

[EET T R Y R R T R
e = B B - R

~
ok oK K K K Kk % ¥ ¥ K K

| package. dml I bIack_box.dmIJ
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ICM Swath model support

« 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
¥k k%% section of a connector
\/I\N/I\N/|\/ — This facilitates faster
/NN /\/\ simulation, smaller file size,
k——k——k——k——% and makes the creation of a
family of connectors much
k——k——k——k——k——k—k——k——%k easier

\/|\/[\/I\/|\/|\/ |\ |/
ANVANVANVAY VAN FAY VAN FA
k——k——k——k——k——k——k——k——k Full Interconnect
\VARVARVARVARVARVARVARVA
ANVANVAN VAN VAN FAN VAN PA
K ——k——k——k——k——k——k——k——
1 2 3 4 5 6 7 8 9
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Case 3: Connector model assign

Allegro PCB SI GXL: system_rooms.brd Project: D:.../testcase1
Edit

Wisw  Display  Setup

Logic Place Route Apalvze Tools Help
ENEREIE R BEH I EBEQaq  qqiEo gl o a8, st gt H=E—RE
@Y %
|

— ¥ Signal Model Assignment

EE)B =}
Devices | BondWires RefDesPl@!laIIIHHIIH%Il.

DevTyvpe Valus-Refdes

Show Hodels From
Connector Model

A4ll Device Libraries

Model Twpe Filter Connector b
Si Lik
cures HEEEEY Hodel Hame Pattern |*
Connectr mple Connec o HodelHamne ModelTvyps
& J1 Connectorsanple Connector_test . dr
& J2 Connectorsample Connector_test . dr
=07 PGAGS
< >
Connector Model: Connectorsanple -
Find Hodel
[ = = ] Library : Connector_te=st . dml
= |Firy I
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Summary

* ICM models offer open, non-proprietary way
for vendors to provide interconnect models
to their customers

 |CM models can be accurate for simulation at
higher frequencies
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Thanks!
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