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IBIS Background

v What is IBIS? (1/O Buffer Information Spec.)

— Standard for describing analog behavior of
the buffers of digital devices specifically for
signal integrity analysis

v Originated at Intel early "90’s for PCI bus
signal integrity ‘what-if’ analysis

— Started as behavioral buffer model in HSpice
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IBIS Background

v Became a tool independent common modeling
format using ASCII formatted text data

v With the support of many vendors, the IBIS
Open Forum formed and IBIS specification
written (first release 1993)

v Models generated through SPICE translation
or actual device measurements
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Parts of an IBIS file

v All models consist of 3 sections:
— Header : information about the model

— Component : describes the component name,
pinouts and package parasitics

— Model : describes the behavior of each buffer

3. [Model] Section

: "
" 1
| ? :
: [Power Clamp] [Pullup] :
' 1+ '

o [Ramp] |
: 1
: 1
'

1
1
1

[Gnd 4:|amp|$
C-comp I '
— [Pulldown]
I \4 i
1

Source: ICX Modeling Guide V3.3
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BASIC IBIS MODEL

Driver Model Schematic

—————————————————————————————

————————————————————————————

[Model] Section

A basic IBIS model consists of:
four I-V curves: - pullup & POWER clamp

- pulldown & GND clamp

i | Power Clams] T two ramps: - dV/dt_rise

! . ]I_[P“"""J ! _ . - dV/dt_fall

! R pkg L_pkg : ' — ' die capacitance: - C_comp

: :'TW_/W T J_ [Gnd Clamp] . packaging: - RLC values

: C_pkg : ;“"“”"‘"I T for each buffer on a chip
| I L v :

_________________________________________________________

[Model] Section

1
1
:
1
: [Power Clamp]
1
1
1

; [Gnd Clamp]
C-comp

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 2

Source: ICX Modeling Guide V3.3
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Four I-V Curves of IBIS Model

v [Pulldown], referenced to [Pulldown Reference]

— Contains the difference of drive and receive (3-
state) mode I-V curves for driver driving low

— Curve Origin usually at 0OV

v [Pullup], referenced to [Pullup Reference]

— Contains the difference of drive and receive (3-
state) mode I-V curves for driver driving high

— Curve Origin usually at supply voltage

Source: Introduction to IBIS Models and IBIS Model Making
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Four |-V Curves of IBIS Model (cont.)

v [GND Clamp], referenced to [GND Clamp
Reference]

— Contains the receive (3-state) mode I-V curves
— Curve Origin usually at 0V

v [POWER Clamp], referenced to [POWER Clamp
Reference]

— Contains the receive (3-state) mode I-V curves
— Curve Origin usually at supply voltage

Source: Introduction to IBIS Models and IBIS Model Making
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Hyperlynx Visual IBIS Editor

A% 3 V I ew W I n d OWS @]MCWI]ELHD_—SI].IBS - HyperLynx Visual IBIS Editor - Version 3.1 (Build 135)

File Edit “iew [BIS Help

Tree-View Pane T IEEEE LR
. . . - [IBIS Ver] IE%B{S Eer]]S 11EID 14 €0 it B
ile Name] mcl00s |_-E0.ibs
Main Edit Window g[’?:egame] [File Rev] 1.0
o ESIE E\'i] [Source] Heasured and created by ICE Technology
- - [Source [Date] 1132004
Output Window ¢ o I
V Pe rfo ms Syntax il It [Model] 504219_ING COPYRIGHT(C) MENTOR GRAPHICS CORPORATION 2001 ALL
%1 1h, Mode] 804219_0LT1 RIGHTS RESERVED THIS WORK CONTAINS PROPRIETARY
. @ ] THFORMATION WHICH IS THE FROPERTY OF MENTOR GRAPHICS
CheCkl ng CORPORATION OR TS LICENSORS. USE OF THEGE MATERTALS
IS SUBJECT TO THE TERMS EELOV.
. USE: MENTOR GRAFHICS HAS LICENSED IBIS MODELS TO
IBIS Committee parser SPECIFIC INTEGRATED CIRCUIT SUPFLIERS ('IC VENDORS')
FOR USE AND DISTRIBUTION AS FOLLOWS: EACH IC VENDOR
MAY USE IBIS MODELS. AND DISTRIEUTE THEN TO IC VENDOR'S
(Up to ver. 32) CUSTOMERS TO USE, SOLELY FOR DEVELOFING ERINTED
CIRCOIT EOARD DESIGNS. NO OTHER USE OR DISTRIEUTICN
OF THESE MATERIALS IS PERMITTED.

ZAP Model Builder 3.2
[Component] MC100EL11D -50

A% G rap h ical Data Vi eW EHanufacturer] CnSeniconductor
ﬂ.flPal:]-c.ivu:le] Llj
B

View Data (V/l Ccu rveS) Checking MCI0OELLID 50, IBS for IBIS 3.2 Compatibility...
View Data (V/T curves) | =

File Paz=ed

View Data (Part Info) |u

-
-
A

bntclt — RW[ [ 4
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Visual IBIS Data Window

§#View IBIS Data - Z630785_0UT10 x| v Provides easy access to
File Edit “iew Help .
HEr20 /@80 % | oc|o6*%I AL B 2=~ — model info
Rizing ' aveform I Falling " aveform | Combine I — V/I Cu rves
Select/info | POWERClamp |  GNDclamp | Pulp | Fulidown
B — VIT curves
Compaonent: | WC100E 310FH_52 ~|  Model |ZE30785_0UTI0 - . -
' - - joeanres. - — Die capacitance
Signal: |I]IJ j . . .
Pi [25 3 — Pin characteristics
— kModel info
irirnurm Typical b @irnLirm
Capacitance: [N/ | 2.000pF [ M
Woltage: |M/4 | -5.200v [ My
— Fir infa
FimirnLinm Typical b ainniLamn
Resistance: [N/ | 0.083ahm [N
Inductance: INM | 4.299rH INM
Capacitance: INa’.i‘-. I 1.045pF IN.-’.ﬁ.

Source: Hyperlynx 7.1
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Steps to Check the Model
1. Verify Syntax of IBIS file (F9)

— IBIS committee parser (version specific) run on file
— ICX parser available if ICX 3.1 or newer installed

EE] Cy2305.ib= - HyperLynx Visual IBIS Editor - YZ<ion 3.1 (Build 135)
File Edit “iew IBI= Help

D™ o | 4 B2 |_%¢-r|%|*@|

-~ [IBIS Ver]
-4 [File Mame]

quaranteesed .
E':DDE.FI‘ Check file for IBIS spec conformance |
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Syntax Errors and Warnings

v Errors & Warnings displayed in Output window

Ichecking Cvy2305  ibs for IBIS 2.1 Compatibilitwy. ..

TARNING [ line 26
TARNING (line 477
TARNING (line 487
TARNING (line 59
TARNING (line 597
TARNING (line 707
TARNING (line 136)
TARNING (line 137)

Typ walue i= not in between Min and HMax

¥Yinl should not be specified for model type 3—=tate
Yinh should not be specified for model type 3—=tate
Pulldowvn Typical data 1= non—monotonic

Fulldown Hinimum data i= non—monotonic

Fulldown Hazimum data i= non—monotonic

Fullup Minimum data iz non—-monotonic

Fullup Tvpical data 1= non—monotonic

WARNIHG (line 148) — Pullup Mamximum data i= non—-monotonic

WARNIHG — Model Bufferl: POWER Clamp : Twvpical walus newver becomnes zero
WARNIHG — Model Bufferl: POWER Clamp @ Minimum walu=s newver becomnes zero
WARNIHNG — Model Bufferl: POWER Clamp @ Maximum walu=s newver becomnes zero
WARNIHG — Model Inputl: GHD Clamp @ Maximum walu=s newver becomnes zero
Error=s o0

Warning=: 13

File Pa===d

v Simulators will accept models with warning-level
violations, but may produce incorrect results!

v Errors may prevent simulator from running or
produce unusual results.

DEL, Checking Vendor IBIS Models Using Hyperlynx Visual IBIS Editor, October 2004

12 MARLUG <.




Resolving Errors and Warnings

v Example: Typical Value not between Min and Max

""" g IMNULEE) 1
_____ £ [Disclaimer] [Component ] cy2305 _
& [ iah] [Hanufacturer] Cypress Semiconductor
""" w ORI [Package]
#- g [Componert] cy2305 | wariable tvp min max
- Th, [Model] Butfer E_plﬁg é 6. 00m % a ; g DE g 2 ; g DE
.. )= e I NNE - - 1ln .10n
e % EL"”E';’]E” Inputt : 0EF 10 00fF 3
..... I-I |  — —
[Fin] =ignal name mnodel name E pin L pin
2 CLE:Z Bufferl
3 CLE1l Bufferl
g CLE3 Bufferl
7 CLE4 Bufferl
g CLEQUT Bufferl
<1

Checling CyZ305.1b= for IBIS 2.1 Compatibilitw. ..

® WAEHNING (line 26y — Typ waluse i= not in between Min and Hax
WAEHING (line 47y — Vinl should not be specified for model type 3-=tate
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Steps to Check the Model

1.
2. Visually Check V-1 curves

— Non-monotonicity
— Wrong sign

— Bad numeric values
— Noise

EE] Cy2305.ib= - HyperLynx Visual IBIS Editor - Yersiol 3.1 (Build 135)
File Edit “iew IBI= Help

Do = & 2R | |¢|!$f‘ =S
- [IBIS Wer] quaranteed.
¥ [File Name] [ Copyr{Check file for IBIS spec conformance |
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Resolving Errors and Warnings

v Non-monotonic Warning
T TE )

File Edit “iew Help

IR AR R R o e

File Edit ‘“iew Help

Rizing " aweform

I F allirg " avefarm
Selectdnfe | POWERClamp | GMD clamp

(E8raj/@b oo d X D[ALIBEM <~

Rizing ' aveform I F alling ' avefom | Combine
Companent: [cy2305 =] Model [Buffer1 Select/info |  POWERClamp |  GNDclamp | Pullup Pulldown
. POWER
Signal: II:LK‘I j GMD Dizplay curves: IGn:uund relative j
Fin: |3 j Input]
— Model info
hirirmurm Typical
Capacitance: | 5.000pF | 5.000pF
Valtage: | 2900 | 3,300
— Pin info
M inirnLm Typical
Fesiztance: I 0.040ahm I 0. 04Eakmm
Inductance: I 3.100nH I 5.000nH
Capacitance: I 0.510pF I 0. 340pF

MmN

[k ti=R i T T ) (T o) ]
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Resolving Errors and Warnings

v POWER Clamp - value never becomes zero

File Edit “iew Help

H[E@20(/8 0@ D2 o® »2 1 AT B~ -

Rizing " aveform I Falling * aveform I Combine
SelectdInfo POYER Clamp I GHD clamp I FPuillup I Fulldowr

Dizplay curves: | iR =TS

M typical AT M mILm
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Resolving Errors and Warnings

v GND Clamp - value never becomes zero

i View IBIS Data - Bufferd
File Edit “iew Help

Hgrmj/aas|nezsd*XI[ATD B~ -

Rizing ' avefarm I Falling " avefarm I Combine
Select/lnfo | POWER Clamp GMD clamp | Pulup | Pulldown

M typical aallallaal¥lgq MM mum
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3. Test IBIS Model in LineSim

v Use Hyperlynx LineSim to check that driver will
drive recommended loads

v 2 test circuits exist in HYPFILES folder
— (for single-ended driver)
— (for differential driver)
— Modify loads for ECL drivers with pulldown to Vit

— Modify loads for open drain drivers with pullup to
Vit

v Assign your IBIS model to all outputs in schematic

v Open Oscilloscope and Start Simulation (allow
Oscilloscope to automatically assign scope probes

v Determine whether results are acceptable

18
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Verification: LineSim Test Circuits
v IBISTest.TLN

50.0 chms <
7777 RP(A0) ?PPP g
CELL:AD o0 T . CELL:BO! T
P oo T R 500 chms
b £ e RD(B0)
: : i : :
i ] i ]
l‘-"'\' ' .o l .
! 1.0 K ohnns T s
Pppp - RP(A1) EN g
CELL:A1 ST . | CELL:B1! ST
. A R fe=?e ofczsctzc
P S P " N
T sooer A
P CiAal) P :
i ] i ]
: e ’ . - ; e . :
' ® LET .
2PPP - ¢ A g
CELL:AZ' 50.0 ohms | CELL:B2! ST
: — 1.000 ns ; e AT
P r‘ <,\ P r- 500 ochms
et g e RD(BZ)
A T aoooer
P : P C(B2)
i ] i ]

1)
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Verification: LineSim Test Circuits
. IbisDiff.tIn

PP P PP
CELL:AD, 0 - CELL:BOD,
foocooooooo F=-=""% & e e b - oo ococooco oo F--
500 chms | 500 ohms |
1000 ns F 1000 ns r
> >
1< 1<

CELL:A111000 chms "~ .  CELL:B1'

. - : - LR EEEEE F--"n
. RSANY - : '
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Assigning Library Models Automatically

v Hyperlynx and ICX design files can have IBIS
models defined from properties on schematic
symbols in the design

v 1CX uses:
— ICX_PART_MODEL - [component] within IBIS file

— ICX_TECH - default model to use if IBIS model is
unavailable

v Hyperlynx* uses:
— HYP_LIB - identifies the IBIS filename
— HYP_DEVICE - [component] within IBIS file

*Properties are new as of version 7.2
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Assigning Library Models Automatically

v Each tool must have paths setup to the locations of
the IBIS files

v ICX uses an environment variable:
— ICX_IBIS_SEARCH_PATH

— Set the value to IBIS file directories
— Path only needs to be to a top-level dir

v Hyperlynx requires you to add hard paths to the
IBIS library files using the menu selection

— Options > Directories...
— Path must be to exact file location
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Assigning Library Models Automatically

v An alternate method in Hyperlynx BoardSim:

— Assign models using QPL file for IC’s and REF file
for discretes

1) Create a master QPL file

2) Associate Comp property with models using the .QPL
File Editor

3) Turnon the “Use QPL file to assign models’” option
from the Set Directories dialog box

2 REF file created in LAYOUT using Mentor custom
ample code
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Assigning Library Models Automatically
Edit > QPL Automapping File

Bl _OQPL File Editor [IC AutoMapping by Part MName) - master.qpl
File Edit Search ©Options Help

< | ] 75 g | #2 o= | ] 4
OFEH =AaVE CLOSE FRIHMT CUT COFY FASTE GoOTo FIHD HERT HELF ERIT

Fart name: |..g.'r._.-| 2OOL3Z3 Information on selected device

Part tppe: |||: [Integrated) - | Motes: |[5 aurce] File ariginated at Motorola RISC. - |

Description: Fodel ta insert .
ABS/ EBD = Librarnes: Components/model=:
PML  [No5.ibs ~| [10sPPC - I
bAOD - -
Al —~ EASY.MOD | [ FindModel.. |

Hint=z

Uze thiz editor to as=ign [Cz to QPL part names. Paste Model
Type in Part Mame, pick Part Tyepe, tppe in Description, aste Madeal(s) |

pick lhbram, pick component, press Pazte kM odel.
ABSAEBD -> IBIS model

PHL -> HyperLyrns full package model

OO -> Hyperlyn= databook model

IC., AMZI9DL3IZIC, =7, Ht24d836 _ 1b=. SH=3I6_DRAM HODUOLE
ITC. 63a54, """ . m=c=s00xl _ib=s. ECS505XIT PCEBA[SIV=0:PCI=0:5¥T=0]
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Assigning Library Models Automatically

v Options > Directories..

(seviectoris K

HYF and .TLH file path

v LUze directoy of last-opened file Default

M odel-libramy file path
C:%HyperLyns724LIBSY Edi...

Drefault

BoardSim qualified-partz-list filels] [AFL]
|I:: SChentshmitra MM _TES T \hwperlynes_filezhmaster. gpl &dd File...

v Usze OFL fle(s] to assign models Drefault

Mozt recently Lzed files

Lirmit list |8 files
ak. Cancel | Help |
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Summary

v Hyperlynx Visual IBIS Editor simplifies the
checking of IBIS model files by providing both
syntax checking and visual curve editing in one
tool.

v The 3 step checking approach described herein can
be used as a validation process to populate a
“controlled” IBIS library for design re-use.

v Both ICX and Hyperlynx provide means to have
IBIS models automatically assigned to your Sl
design file.
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