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What iIs SPICE and IBIS?

SPICE (Simulation Program with
Integrated Circuit Emphasis) Is a
general-purpose circuit simulation
program for nonlinear dc, nonlinear
transient, and linear ac analyses.

IBIS  (Input/Output  Buffer
Information Specification) Is a
standard for describing the analog
behavior of the buffers of digital
devices using plain ASCII text
formatted data.
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SPICE vs. IBIS

» SPICE allows analysis of complex circuit
elements for signal integrity — very versatile

*»Usually very accurate
“*\Very common

ssPortable: virtually every platform
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SPICE vs. IBIS

» IBIS handles large numbers of 1/O circuit cells
for understanding complex interaction of
signal timing and interaction.

s Usually computationally fast
¢ Circuit models typically fairly simple: behavioral

s Good for complex digital signal circuit analysis
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When IBIS? -- When SPICE?

Fetures IBIS SPICE

Computational Efficiency Good From good to poor

Model Complexity Usually fairly simple | Complex, but it depends

Accuracy From good to poor Typically good
Applications Signal Integrity Signal and power integrity
Programs Small number Large number
1/0 Circuit Cells Very large Limited
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Why IBIS ?

» PCB and device level Signal Integrity

Sl Issues gaining more attention in past decade pushing IC
vendors and users to understand complex device and PCB
level signal interactions in shorter and shorter timeframes.

v Keep proprietary information residing in the IC recipes

v Common tool for users
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Why IBIS ?

» SPICE not suitable for large circuit

» Modeling circuit without getting proprietary
Information

» The first IBIS specifications were written in 1993 and
Intel played a major role

» Many EDA tool vendors and companies participate to
the IBIS Open Forum today
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Blocks for Simple 1/0O Buffer
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Common Output Configuration

Vdd

&

)/

Pull up
Pull down
Ramp rate

» The Push-Pull configuration driving behavior is
identical to a I/O buffer for IBIS purpose [3].

» Two I/V characteristics are needed to describe this
device according to the IBIS specifications, i.e.,
Pullup, Pulldown.

»Some models do not need all four I/V
characteristics, 1.e., Output Only Buffer (Pullup
and Pulldown), Open Source Buffer + ESD
protection  (Pullup, GND Clamp and PWR
Clamp).

» If the ESD protection circuit is present - two
diodes - the GND/PWR clamp curves are also
needed.
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Input Model

Emulate the load condition at the receiver
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« If the ESD protection circuit is present - two diodes - GND/PWR clamp curves are
needed as for the output model.

» The ESD protection circuit is used when the device is simulated beyond the nominal
voltage conditions.
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Common Features

» The GND/PWR Clamp curves are obtained In
the same fashion as for the output model.

»The C,np represents the capacitance
assoclated with the transistors, the pad die and
the on die Interconnect: load condition at the
receiver

» The parasitics associated with the package are
represented through the keywords : Cpkag,
Lpkg and Rpkag.
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Driver

_ INPUT
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*Generic 1/0O only buffer realized by using several NMOS/PMOS models
downloaded from www.mosis.org and enclosed into a “component.inc” model

* The driver swings between 0 and Vdd.
*\When the input is HIGH the output is LOW and vice versa
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SPICE Model

.Include component.inc
X_totem Ni No Nu 0 component
Ccomp No 0 5pF

High Level SPICE Keywords: the NMOS and
PMOS models are Level 49 HSPICE models

Lpkg
Rote [
L, 2 4nH

C, 2 4pF

)
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Extracting a SPICE/IBIS Models

IBIS MODELS
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Translating SPICE into IBIS

vdd
» The device under test is an only
i output buffer
}_H
Input Output » Pullup & Pulldown I/V tables are
needed.
— Cgomp
| »No ESD protection is considered,
therefore no GND or PWR Clamp
I/V tables
)\ < <
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IBIS File : Header

Keyword Attribute Reqg/Opt
[IBIS ver] 3.1 Required
File name] lobuffer.ibs Required
File Rev] 7.0 Required
‘Date] August, 141 2006 Optional
'Source] UMR EMC LAB Optional
'Notes] Notes for clarification Optional
Disclaimer] | Test Purpose Optional
[Copyright] UMR EMC LAB Optional
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IBIS File : Component

[Component] IOBUFFER Required
'Manufacturer] UMR EMC LAB Required
[Package] Required

Rpkg 10m NA NA
Lpkg 0.5nH NA NA
Cpkg 5pF NA NA

[Pin] signal_name model _name Required
Sout Pout driver

» The package Is described by means of a series inductance, a series resistance
and shunt capacitance
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IBIS File : Model

[Model] driver Required
Model Type output

C_comp 5pF NA NA

[ Temperature Range] 27 NA NA Required
'VVoltage Range] 3.3 NA NA Required

Pullup]

V |(typ) [(min) I(max)

Required [model]

[Pulldown]

V |(typ) [(min) [(max)

Required [model]

> C Temperature and Voltage require 3 values: typical (required), min

comp?’

(optional) and max (optional).
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I/ & Switching Tables

[Ramp]

dv/idt r  1/500p NA NA
dv/idt f 1/500p NA NA

Required

[Rising Waveform]

R_fixture =50

V_fixture = 0.0

Time V(typ) V(min)

V(max)

Optional

[Falling Waveform]

R_fixture =50

V_fixture = 3.3

Time V(typ) V(min)

V(max)

Optional

[End]

Required
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IBIS Simulator and Schematics

IODBUFFER
Pout
CELL:AD 500 ohms ' CELL:BO
, K\_ 1000 ns
Simple 50.0 ohnrs

RD(E0)

VpullDn=0.000 ¥V

» The behavioral model data of the active device are then enclosed into a macro-
model containing other components, i.e., resistors, transmission lines, etc., and this
macro-model is simulated in a IBIS simulator, e.g. such as Hyperlinx.

» The active device is a output buffer characterized by one pin (Pout).
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In Conclusion

» Use SPICE when accuracy warrants it.

» Use IBIS when complexity and circuit quantity
warrants It.

» Some Do Not’s

Do not rely on behavioral models under all circumstances.

¢ Do not create modeling efforts without some understanding
of expectations of results

» Some Do’s

s Understand the source of the models you have received.
s Always verify models with test data.
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