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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DESIGN AUTOMATION LIBRARIES-

Part 1. Input/output buffer information specifications
(1BISversion 3.2)

FOREWORD

1) The IELC (International Electrotechnical Commission) is a worldwide organization for standardization comprising all
nationgl electrotechnical committees (IEC National Committees). The object of the IEC i ternptional co-
operat{on on all questions concerning standardization in the electrical and electronic fields: i dition to
other activities, the IEC publishes International Standards. Their preparation is entrust i i ; any IEC

Natiorfal Committee interested in the subject dealt with may participate in.this\prepar . rnational,

goverrimental and non-governmental organizations liaising with the IEC alsoparticipate i i ior]. The IEC
collabgrates closely with the International Organization for Standardization\ (ISO) ™ ith |conditions
deternfined by agreement between the two organizations.

2) The fgrmal decisions or agreements of the IEC on technical matters Q ternational
conserlsus of opinion on the relevant subjects since each techni njttee interested

Natiorfal Committees.

e form of

3) The dpcuments produced have the form of recommendati
i ees in that

standafds, technical specifications, technical reports or g
sense.

4) In ordgr to promote international unification, |EC_Natiena\Commi Standards
transpgrently to the maximum extent possible in-thei bn the IEC
Standdrd and the corresponding national or regi

5) The IHC provides no marking equipment

declargd to be in conformity

6) Attentfon is drawn to the passibih t t of patent
rights.| The IEC shall not be ti

I nternatipnal St IE Design
Automatjon
This stapndard is b fications

(IBIS) v

The text on the following documents:

FDIS Report on voting

93/129/FDIS 93/136/RVD

Full information on the voting for the approval of this standard can be found in the report on voting
indicated in the above table.

This standard does not follow the rules for the structure of international standards given in Part 3 of
the ISO/IEC Directives.

|EC 62014 consists of the following parts:
IEC 62014-1, Electronic design automation libraries — Part 1. Input/Output buffer information
specifications (IBIS version 3.2)

IEC 62014-2, Electronic design automation libraries — Part 2: Library standard architectures
(TR)(under consideration)

|IEC 62014-3, Electronic design automation libraries — Part 3: Modules of integrated circuits for EMI
Behavioural simulation (under consideration )
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The committee has decided that the contents of this publication will remain unchanged until 2004. At
this date, the publication will be

e reconfirmed,;

e withdrawn;

e replaced by arevised edition, or
e amended.
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INTRODUCTION
Background of IBIS

IBIS was first developed at Intel Corporation and has been expanded to its current form (Version 3.2)
through the cooperative efforts of additional analog simulator vendors, computer manufacturers, I1C
vendors, commercial users, and universities. In May 1993, the group formed itself into the IBIS Open
Forum, an open, voluntary, cooperative association. In March 1995, the group affiliated with the EIA
(now the Electronic Industries Alliance) as the EIA 1BIS Open Forum.

The Forum has been and continues to meet via teleconference apprOX|mater every th|rd week to
propose i Aeta h
also medq

Most of [he Forum activities are handled through e-mail discussions using org." A
users grpup reflector "ibis-users@eda.org" is also supported for use . et more
informat|on on subscribing to the reflectors and to other ongoing Fo itie 1 the official

web page: "http://www.eigroup.org/ibis/ibis.htm". The process of maki { and i ments to
IBISisthrough a"BIRD" (Buffer Issue Resolution

Document) process involving approval by the Forum vating , brum has
grown tq over thirty voting members (requmng a modes : , but the
Forum ajso maintains an open, public commt oli elcomes all interested pantlci pants
regardlegs of membership status.

Through| official EIA and ANSI (Amefi br - ballot

processes, IBIS Version 2.1 was ratified 1 of IBIS
focused Standard,
IBIS Ve Lmber of
device ty

Version P

— Controlled sl

- ECL

— Inde ils can be

mod
— Diffe

— Ope -
- Expln

The Forum also voluntarily funded a parser development activity through the sale of source code
licenses of "ibischk2" and has made executables of the parser code freely and publicly available to
enable IBIS model checking.

Industrial advances associated with new semiconductor topologies, package design and measurement
needs kept the Forum busy proposing new capabilities, eventually leading to IBIS Version 3.2. Again
through official EIA and ANSI public letter ballot processes, IBIS Version 3.2 was ratified as
ANSI/EIA-656-A on September 21, 1999.

Its advances include the following:

— Series and series switch models
— Multi-stage driver capability for phased stages
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— Submodel capability supporting dynamic clamps and bus hold functions for active and
terminations

— More specification values for overshoot and pulse immunity
— Uncoupled packages with sections and forks

:2001(E)

dynamic

— Uncoupled advanced packages known as electrical board descriptions with sections, forks and on-

board components.

IBIS Version 3.2 has complied with an original Forum objective that all subsequent versions of IBIS be

backward compatible with previous versions.

The Forum funded through voluntary source code license purchases the corresponding "ibischk3" parser

and has made its executables freely available.

The IBI hition as

indicateq ites. Many

more I1B C vendor

sales org process,

they are with the

correspo

Future l[BIS Directions

Technol \ e ways of

doing things. The Forum is keeping up with'such adve its strategy has shifted. Ulp to now

the Forum has been adding to the existing S document. Such a process is glow and

subject The newer approach is to |create a

compatilple macro-language t afion and response to changing needs.

While the Forum has not y ches, it is pursuing these projects:

— A macro-languége.tha 3 B psion 3.2 but can also support more advanced features
and nodal component st »

- A sg ector ifi ithvadvanced coupled stages to support key componert used to
conn i ibly be used for more advanced package models)

- Som adva inyspecification details beyond IBIS Version 3.2.

These pi1| . capability of IBIS in a manner that supports the existing IBIS Vefsion 3.2

function A for much more rapid implementation of new requirements.

Referen

ANSI/EIA-656: IBIS Version 2.1 released December 13, 1995

ANSI/EIA-656-A: IBIS Version 3.2 released September 21, 1999
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ELECTRONIC DESIGN AUTOMATION LIBRARIES -

Part 1. Input/output buffer information specifications
(1BISversion 3.2)

Scope and object

This standard gives specifications for electronic behavioral of digital integrated circuit input/ output
analog characteristics. It specifies a consistent software-parsable format for essential behavioral
informatjot:

The goal| of this standard is to support all simulators of all degrees of sophistication.

@C‘@
S
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Section 1

GENERAL I NTRODUCTI ON

This section gives a general overview of the remmi nder of this docunent.

Sect i ons—2—are—3—cehtai+ 3“ncva! HforFator—about—the—B-S nd

the gerleral rules and guidelines Several progressions of nts

are reflerenced in Section 2 and in the d|scu55|on bel ow. S
BI

Version 1.1 (ratified August, 1993), |
ANSI / EI|A- 656 in Decenber, 1995), and IBIS Version 3.2 (‘thi's
ratifigd in August, 1999).

The functionality of IBIS follows in Sections 4

through 6 describe the format of the core functi
and thg extensions in |ater versions. 4 i 5 ctions are
contained in .ibs files. Section 7 descri f or mat| of
IBI'S Vgrsion 2.1 and a subsequent extensi

formattled within .ibs files or n 4
file hdader keywords) as .pkg fi gl
Board DQescription fornmat of ader
inforngtion, electrical board d gte
.ebd fifl es.

Section 9 contains sone egar di i iti dat a
requirgnents for | i ‘
condi tilons based o
conpl i gnt dat%<:>
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Section 2

STATEMENT OF I NTENT

In order to enable an industry standard nethod to electronically transport
I BI S Mbdel i ng Data between sem conductor vendors, sinulation vendors, and

d ot-anpr o thi o + ol At A 1 o Ay Ao nd Thao 1 nt ont i on  ~f ot anal t 1
end custerers—thi-s—tenplate—s—prepesed—Fhe—intenti-on—of—tis—tenphate is

to spedify a consistent fornat that can be parsed by soft g
si mul at|li on vendors to derive nodels conpatible with theirdown
One gogl of this tenplate is to represent the current state }a,

while gllowing a growmh path to nore conpl ex nodel s// ened
approprliate). This would be acconplished by a revisi \
tenpl atle, and possibly the addition of new key

=

Anot her| goal of this tenplate is to ensure
sem conduct or vendors and custonmers to use(and i A t hat
it is rligid enough for sinulation vendor

Finally, this tenplate is nmeant\to ‘con ( 2 he I/0
el enent|s on an entire conponent. S - ed to
be defilned in each file, as well te
buf f er

Version 3.2 of this € i 1P i de

—

group df experts represe
"EIA I BI' S Open For

Commi t nent to
ASCI | flile fornmHt.

7 Version 1.0 is the first valid]|IBIS
he m ni num anount of |/O buffer

i nformgti on requi accurate |IBI'S nodel of conmon CMOS gnd

bi pol ar ure revisions of the ASCII file will add ijtens
consi ds to Version 1.0 to all ow accurate nodel|i ng

of new, [ structures. Consequently, all future revi[sions
will be hderedysupersets of Version 1.0, allow ng backward

conpati|bil ity bti as nodeling platforns devel op support for
revisidg [ tenplate, all previous revisions of the tgnplate

nmust al

Version_bh“1 update. The file "verl 1.ibs" is conceptually the sane ad the
1.0 version of the IBIS ASCI| format (verl 0.ibs). However, various
comments have been added for further clarification

Version 2.0 update. The file "ver2_0.ibs" maintains backward compatibility
with Versions 1.0 and 1.1. All new keywords and el enments added in Version
2.0 are optional. A conplete list of changes to the specification is in the
IBI'S Version 2.0 Rel ease Notes docunment ("ver2 0.rn").

Version 2.1 update. The file "ver2_1.ibs" contains clarification text
changes, corrections, and two additional waveform paraneters beyond
Version 2.0.
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Version 3.0 update. The file "ver3_0.ibs" adds a nunber of new keywords
and functionality. A conplete list of functions can be found on eda.org
under /pub/ibis/birds/birddir.txt show ng the approved Buffer Issue
Resol uti on Docunents (BIRDs) that have been approved for Version 3.0.

Version 3.1 update. The file "ver3_1.ibs" contains a major reformatting of
the docunent and a sinplification of the wording. It also contains sone
new techni cal enhancements that were unresol ved when Version 3.0 was
approved.

Version 3.2 update. The file "ver3 2.ibs" adds nore technical advances and
al so a |number of editorial changes docunented in 12 BIRDs and also in
responges to public letter ballot comments.

o
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Section 3

GENERAL SYNTAX RULES AND GUI DELI NES

This section contains general syntax rules and guidelines for ASCII IBIS
files:

1) Thg content of the files is case sensitive, except for _.neserved
worlds and keywords.

2) Thg following words are reserved words and nust not\be\ used
anyl ot her purposes in the docunent:

POVNER - reserved npodel nane,

GND - reserved nodel name, used with ground

NC - reserved nodel name, used with

NA - used where data not avail abl e

3) To ile nanes uged in
t he File nanmes shoul d
hav s’foll owed by a pgriod
. . i no/nore than three

characters. i st use characters fromi|the
set| (space, ' ' :

4) A lli dt nost 80 characters, followed by a Ifi ne
ter . ine termi nation sequence nmust be one df the
f ol i v : a linefeed character, or a carriage return
f ol i

5) Any| 'ng the conment character is ignored and consideredq a
con a ne. The default "|" (pipe) character can be chgnged
by wor d >[ Conment Char] to any other character. The [ Corment[ Char]
key b€ used throughout the file as desired.

6) Keywords nust be enclosed in square brackets, [], and nust start in
colum 1 of the line. No space or tab is allowed inmediately after the
openi ng bracket '[' or immediately before the closing bracket ']'. |If

used, only one space (' ') or underscore ('_') character separates the
parts of a nulti-word keyword.

7) Underscores and spaces are equivalent in keywords. Spaces are not
al l owed in subparaneter nanes.
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10)

11)

12)

13)

14)

-12 -
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Valid scaling factors are:

T =tera k = kilo n = nano

G = giga m=mlli p = pico

M = nega u=mnmcro f =fento
VWhen no scaling factors are specified, the appropriate base units are
assunmed. (These are volts, anperes, ohns, farads, henries, and

seconds.) The parser |ooks at only one al phabetic character after a
is enough to use only the prefixes to

nunerical entry, therefore it
scal e the paraneters. However,
abbrevi ations for the units,
scientific notation IS allowed (e.g.

for clari

(e.g., pF, nH mA nOhm.
1. 2345e-12).

ty, it is allowed to use

The
ar e
reg

The
as
ari
rul
I'n
is

illegal in IBIS files.

rents are consi dered pos
ponent .

DTES ON DATA D
i ved.

y ASCI |
din a
adeci mal

|-V data tabl es should use enough data points aroun
as of the I-V curves to describe the curvature acc
ions there is no need to define unnecessary data i

use of tab characters is |egal,
possible. This is to elimnate possible co ollc.
se in situations when tab characters
tiple spaces by text editing, file tr
cases |like that, lines mght becone |ce

in ANSI
char act

St andard X3.4-1986, may
ers with codes greater tHh

Al so, ASCI| control characters

20) are not all owed, excq

erm hati on sequence. As nentioned in item ]

full

In addition,

urved
l'i near

much
ht
dto
twar e.
whi ch

be
an
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Section 4

I
| FI LE HEADER I NFORMATI ON
I

Keyword: [IBIS Ver]
Required: Yes
Descri pti on: SpeC|f|es the IBI'S tenplate ver si on.

al oot thao i ndc ~Ff dat o+ v noc
el-eetrore—parsers—of—+theKkinads—of—data—t
Usage Rules: [IBIS Ver] nust be the first keyword in an

normally on the first line of the file,

I
I
I
I
I present in the file.
I
I
| by comment |ines that nust begin with a "

Keyjword: [ Comrent Char]
Reqyired: No
Descrigdtion:

d“must be fol | owed by
a - "char". For eXanpl e:
" i the comment character to |be
ent character is in efflect
keyword. The foll ow ng

Usage Rul es:

s the nane of the IBIS file.
bil e name nust conformto the rules in paragraph 3 ¢

—

ion 3, "GENERAL SYNTAX RULES AND GUI DELI NES". In
addition, the file name nust use the extension ".ibs", ". pkg"
or ".ebd". The file nanme nust be the actual nane of the file.
| _____________________________________________________________________________
[Fil e Nane] ver3_2.ibs

| Keyword: [File Rev]

| Required: Yes

| Description: Tracks the revision |level of a particular .ibs file.

| Usage Rules: Revision level is set at the discretion of the engineer

| defining the file. The follow ng guidelines are recommended:
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Descri ption:
Usage Rul es:
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silicon and file in devel opnent

pre-silicon file data fromsilicon nodel only
file correlated to actual silicon nmeasurenments
mat ure product, no nore changes |ikely

1.0 | Used for .ibs file variations

[Date], [Source], [Notes], [Disclainmer], [Copyright]

No

Optionally clarifies the file.

The keyword argunents can contain bl anks, and be of any

[ Sour ce]

I
[ Not es]

[ Di scl ain

I
[ Copyri gh

format. The [Date] keyword argunent is limted tosa maXi mum
of 40 characters, and the nonth should be s
clarity.

Because IBI'S nodel writers nmay conside in
these keywords essential to users,
requi red, design autonmation tools gt mat i on

avail able. Derivative nodels sho
verbatim Any text follow ng
included in any derivative np

August 20, 1999

svdat a book at Quad Design, qtc
special notes related to the fi|l e.

nodel i ng purposes only, and is rot
| May vary by conponent

Al Rights Reserved
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|::::::::::::
|::::::::::::
Keywor d:
Requi r ed
Descri pti on:

Section 5

COMPONENT DESCRI PTI ON

[ Conponent ]
Yes
Marks the beginning of the IBI'S description of the integrated

aft oy + 1 leananr

Sub- P3
Usage H

| ________
[ Conponern
I

Si_locati
Timng_|g

cation Die

ey o t B-aaaa a a |
TTT ot oo —or o ot eI Ty WwoT G~

Si _location, Tinmng_|ocation

If the .ibs file contains data for nore th nt,
each section nmust begin with a new [ Conpo The
| ength of the conponent nane nust not exc s,
and bl ank characters are all owed.

NOTE: Bl ank characters are not reg ity

i ssues.

Si _location and Tinm ng_l ocation/aye opti on and specify| where
the Signal Integrity and Fini\ng’neasurexnents are nade fqr the
conmponent. Al |l owed\val %:b subparaneter are '|Die'

or 'Pin'. he 'Pin'.

Pi n

anuf acturer's name nust not exceed 4(
k characters are allowed, e.g., Texas
In addition, each manufacturer nust use 4
ame in all .ibs files.

Yes

Sub- Par ans:
Usage Rul es:

Ot her Not es:

Defines a range of values for the default packagi ng

resi stance, inductance, and capacitance of the conponent pins.
R _pkg, L_pkg, C_pkg

The typical (typ) columm nust be specified. |If data for the
other columms are not available, they nust be noted with "NA"
If RLC paraneters are available for individual pins, they can
be listed in colums 4-6 under keyword [Pin]. The val ues
listed in the [Pin] description section override the default
val ues defined here. Use the [Package Model] keyword for nore
conpl ex package descriptions. |f defined, the [Package Mbdel]
data overrides the values in the [Package] keyword.
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| Regardl ess, the data |isted under the [Package] keyword must

| still contain valid data.

| _____________________________________________________________________________
[ Package]

| variable typ mn max

R _pkg 250. O0m 225.0m 275.0m

L_pkg 15. OnH 12. 0OnH 18. OnH

C_pkg 18. OpF 15. OpF 20. OpF

Keyword: [ Pin]
Required: Yes
Descrigdtion: Associates the conponent's I/O nodels to its
pi n nanes and signal nanes.
Sub- Pgdrans: signal _nane, nodel _nane, R pin, L _pin, C pi
Usage Rules: All pins on a conponent nust be specified
must contain the pin name. The second
gi ves the data book nane for the signa
third columm, nodel _name, maps a pi
nodel or nodel sel ector nane.
correspondi ng nodel or nodel ;
or [Mbdel Selector] keyword b ) s_it \Nis a reser\ved
model name ( POAER, GND, or

ari ous extlernal

the pin's signal|l and

Package]) FOR THAT PI N|ONLY.
ade , L_pin, and C|pin
, col ums 4 through 6, the
st” be used. The headers R_pi|n,
ed in any order.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

| Each |ine nust canhtain € i x colums. A pin
I ) i

I

I

I

I

I

I

I

| :

| aracters nmax
| har acters max
| characters max
| characters max
| characters max
| characters nmax

R pin L _pin C pin

1 R Bufferl 200.0m 5.0nH 2. 0pF
2 RASL# Buf fer 2 209.0m NA 2. 5pF
3 ENT# Tput L NA 6. 3NH  NA

4 A0 3-state

5 DO /01

6 RD# I nput 2 310.0m 3.0nH 2.0pF
7 WR# I nput 2

8 Al I/ o2

9 D1 1/ o2

10 GN\D GN\D 297.0m 6.7nH 3. 4pF
11 RDY# I nput 2

12 GN\D GN\D 270.0m 5.3nH 4.0pF
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18 Vcc3

19 NC

20 Vcch

I

| e ————————
Keywor d:
Requi r ed

Descri ption:

Usage Rul es:

[ Package Mbdel ]

No

I ndi cates the nane of the package nodel to be used for the
conponent

The package nodel nane is linmted to 40 characters. Spaces
are allowed in the nane. The nane should include the company

| ________
[ Package

O her Notes:

nanme or initials to help ensure uni queness. or
will search for a matching package nodel na ment

to a [Define Package Moddel] keyword in the file
first. If a match is not found, the si | ook
for a match in an external .pkg file. ackage
nmodel is in an external .pkg file, t he
same directory as the .ibs file. g files
nmust follow the rules for file nam

Gener al .

Use the [Package Model] Wi t hi ponent] to

i ndi cate which package nmo for that

conmponent . The sp i L files to cont|ain

These are desdri bed

speci fication. efinitions occur within a

.ibs file, their scope_is X {--they are known only Within
that .i flle and, no her’. addition, within that .|li bs
ile, obalhl y defined package nodel s [t hat

e whi ch power and ground buses a given dr|i ver

term nator is connected to.

pul lup_ref, gnd_clanp_ref, power_cl anp_ref
power and ground bus is given a unique nane that mjst

ed 15 characters. The first colum contains a gin
Each pin nane nust natch one of the pin nanes deql ared
ifously in the [Pin] section of the IBIS file. The gqecond
colum, pull down_ref, designates the ground bus connectilons

for that pfn. Here the term ground bus can al so mean anot her
power bus. The third colum pullup_ref designates the power
bus connection. The fourth and fifth colums gnd_cl anp_r ef
and power _clanp_ref contain entries, if needed, to specify

di fferent ground bus and power bus connections than those
previ ously specifi ed.

If the [Pin Mapping] keyword is present, then the bus
connections for EVERY pin listed in the [Pin] section nust
be given.

Each line nust contain either three or five colums. Use the
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NC reserved word for entries that are not needed or that
foll ow the conditions bel ow

All entries with identical |abels are assuned to be connect ed.
Each uni que entry | abel nust connect to at |east one pin whose
nodel _nane is POAER or GND.

If a pin has no connection, then both the pulldown_ref and
pul l up_ref subparanmeters for it will be NC

GND and POWER pin entries and buses are designated by entries
in either the pulldown ref or pullup ref colums. There is no

i nplied association to any colum other than t/hrough explicit
desi gnations in other pins.

For any other type of pin, the pulldown_
t he power connection for the [Pulldo
[ Model]s. This is also the power connect roRA~f G\D
Cl anp] table and the [Rgnd] nodel i
specification in the gnd_clanp_re

i ns

connectign for
the [Pul | dgwn]

1, for the [ POAER
s overridden by a

Al so, the pullup_ref columm
the [Pul lup] table and,
table. This is als
Cl anp] table and

t he headi ngs gnd_cl anp_ref[ and
be used. Oherw se, these headi ngy can

pul l up_ref gnd_clanp_ref power_cl anp |ref

11

21

PVWRBUS1 | Signal pins and their associlated
PWRBUS2 | ground and power connecti ong
PWRBUS1 GNDCL MP PWRCLAMP
PWRBUS2 GNDCL MP PWRCLAMP
PWRBUS2 NC PWRCLAMP
GNDBUSZ PVWRBUSZ GNDCLEVP NC
| Some possible clanping connections
| are shown above for illustration
| purposes
GN\DBUS1 NC | One set of ground connections.
GNDBUS1 NC | NC indicates no connection to
GN\DBUS1 NC | power bus.
GNDBUS2 NC | Second set of ground connections
GN\DBUS2 NC

GN\DBUS2 NC
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31 NC PWRBUS1 | One set of power connections

32 NC PVRBUS1 | NC indicates no connection to
33 NC PVWRBUS1 | ground bus.

| .

41 NC PVWRBUS2 | Second set of power connections
42 NC PWRBUS2

43 NC PWRBUS2

| .

51 GNDCL WP NC | Additional power connections

52 NC PWRCLMP | for clanps

Keyjword: [Diff Pin]

Reqyired: No
Descrigdtion: Associates differential pins, their différent
vol tages, and differential timng de
Sub-Pgrans: inv_pin, vdiff, tdelay_typ, tdelay_mi

Usage Rules: Enter only differential pin pairs. e fi [ DO ff
Pin], contains a non-inverting pi um,

i nv_pin, contains the correspondi i g p¥'n nane flor
I/O output. Each pin nanme nmu f in, nanmes decl|ared
previously in the [Pin] se file. The tlhird
colum, vdiff, contains yeci d output and differgntial
threshol d vol tage ' i i

nodel types. For
entry is 0 V. The and si xth col unns,
tdelay_typ, tdelay_ ay_nex, contain |aunch del ays
of the non-inverti s r'el ativ¥e to the inverting ping. The

ial pins, the vdilff

nput pin, the differential ifnput
i des and supersedes the need for |Vinh

ined for a pin that is defined as reduiring
del] type, vdiff is set to the default |val ue

Ot her N pin polarity specification in the table overr|i des
Polarity specification such that the pin in|the
] columm is Non-Inverting and the pin in the inv_pin
is Inverting. This convention enables one [Mdgl] to

ed for both pins.

coram rength TTrnmts are.

[Diff Pin] 5 characters nax

inv_pin 5 characters nax

vdi f f 9 characters max

tdelay_typ 9 characters nmax

tdelay_mn 9 characters nmax

t del ay_nmax 9 characters nax
Each |ine nust contain either four or six colums. [If "NA" is
entered in the vdiff, tdelay_typ, or tdelay_mn colums, its
entry is interpreted as 0 Vor 0 ns. |If "NA" appears in the

tdelay_max colum, its value is interpreted as the tdelay_typ
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I

3 4

7 8

9 10

16 15

20 19

22 21

I

| e b ————
Keyjwor d:
Reqdi r ed:

Descrigtion:
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val ue. When using six columms, the headers tdelay_min and
tdelay_max nust be listed. Entries for the tdelay_m n colum
are based on m ni mum magni t udes; and tdel ay_max col um,

mexi mum magni t udes. One entry of vdiff, regardless of its
polarity, is used for difference nmagnitudes.

inv_pin vdiff tdelay_typ tdelay_nin tdelay_nmax

150nmv -1ns Ons -2ns | Input or 1/0O pair
ov lns NA NA | Qutput* pin pair
NA NA NA NA | Qutput* pin pair
200mv 1ns I nput or I/O pin pair

Sub- Pgr ans:
Usage Rul es:

O her

|

ov NA | Qutput* pin pair,

NA NA | Qutput*, tdelay =
| * Could be Input

[ Series Pin Mapping]
No

pi n_2, nodel _nanme, function_tabl e grot
Enter only series pin pairs.
Mappi ng], contains the serjes i nput i npedgnces
are neasured. ont ai ns the otlher
connection of thel serie . i must match thg pin
nanes declared pre i i section of the IBIS
file. The third co nanme, associ ates the Seriles or

el for t pai r.of pins in the first tvwo
mn N\ fupction_tabl e_group, contdins
igng ing to associ ate those set[s of

either three or four colums. Wjen
e header function_table _group nust| be

, [Series [Pin

cation is to nodel crossbar swi tches where
hrough On paths are indicated by one desidgnator
over On paths are indicated by another
N I f the nmodel referenced is a Series nodel, [then
ion_table _group entry is omtted.

length lints are:

Not es:

eries Pin Mapping] 5 characters nax
pin_2 5 characters nax
model _nane Z0 characters max
function_tabl e_group 20 characters max

If the nodel _nane is for a non-symetrical series nodel
then the order of the pins is inportant. The [Series Pin
Mappi ng] and pin_2 entries nust be in the columms that
correspond with Pin 1 and Pin 2 of the referenced nodel.

Thi s mappi ng covers only the series paths between pins. The
package parasitics and any other elenents such as additiona
capaci tance or clanping circuitry are defined by the

nmodel _nane that is referenced in the [Pin] keyword. The
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| nmodel _nanmes under the [Pin] keyword that are also referenced
| by the [Series Pin Mappi ng] keyword may include any |egal

| model or reserved nodel except for Series and Series_sw tch

| nmodels. Normally the pins will reference a [ Model] whose

| Model _type is 'Term nator'. For exanple, a Series_swtch

| nodel nmmy contain Term nator nodels on EACH of the pins to

| descri be both the capacitance on each pin and sonme cl anping

| circuitry that may exist on each pin. In a simlar nmanner,

| Input, I/0O or Qutput nodels may exist on each pin of a Series
| nmodel that is serving as a differential term nation.

| _____________________________________________________________________________
[Series Pin Mapping] pin 2 nodel nane function table group

2 3 CBTSeri es droups
5 6 CBTSeri es
9 8 CBTSeri es
12 11 CBTSeri es
I
22 23 CBTSeri es ath
25 26 CBTSeri es
22 26 CBTSeri es
25 23 CBTSeri es
I
32 33

I
| S - - - . - g - . . . . . . . . . . . . . . . . =T ===
Keylword: [ Series i -

Reqyi red: No
Descrigtion: Used to
SWi t cheg

lames of the groups in the
unction_tabl e_group col unm
Sub- Pgr ans:
Usage Rul es: i ins an all owabl e configuration. A
i i start with "On' followed by all [of the
"OFf' followed by all of the
Only one of "On' or "OFf' is redquired
ed states are presuned to be opposite qf the
ned states. The state line is term nateq with
even if it extends over several lines tolfit

associ ate switches whose switching action is synchroni zgd by
pn control function. The first line defines the gssuned
(default) state of the set of series switches. Oher sqgts of
Stares are 1sted and can be sefected tnrough a user fnterface
or through automatic control.

| _____________________________________________________________________________
[Series Switch G oups]

| Function G oup States

Onl1234/ | Default setting is all sw tched On.
I

Of 1234/ | Al Of setting.

| O her possible conbinations bel ow.

Q9
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| The last four |ines above coul d have been repl aced

Q£2C2QFOFAHIACDRJN e e S

— —h —h —h
P NwWwhd
~ O~~~

Keyjwor d:
Reqdi r ed:
Descrigdtion:

Usage Rul es:

| with these four lines with the same an

| Crossbar switch straight throu
| Crossbar cross over connecti'Q
| Crossbar open switches

[ Model Sel ector]
bdel ] s for a pin which

! [ Model ] sdction
for each one of ~ S i he .ibs file. The ngmes of
S d can be |listed under the

pin list. The nane of tlhe

at ch the correspondi ng ngdel

r [Series Pin Mapping] keyword

an 20 characters. A .ibs fifle

Sel ector] keywords to cover gl of

pS specified under the [Pin] and [|Series

nder/the [ Model Selector] keyword nust havg two
ne twe” fields nust be separated by at |east one
The first field lists the [Mddel] name (upg to 20
ong). The second field contains a short
ri pty on of the [Model] shown in the first field. THe
" and format of this description is not standardi|zed,
it shall be limted in length so that none of the
scfiptions exceed the 80-character length of the line|that
it started on. The purpose of the descriptions is to aid the

USer of The simuiator toor Tn making rntetrtigent buffer node
sel ections and it can be used by the sinulator tool in a user
interface dialog box as the basis of an interactive buffer
sel ecti on mechani sm

The first entry under the [Mdel Selector] keyword shall be
considered the default by the sinmulator tool for all those
pins which call this [Mdel Selector].

The operation of this selection nmechanisminplies that a group
of pins which use the sanme progranmmmbl e buffer (i.e. npde
selector nanme) will be switched together fromone [Mdel] to
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anot her.

and the user
i ndependent |y,

exanpl es.

Ther ef or e,
address bus and a data bus,

-23 -

Sel ector]

if two groups of pins,
use the sanme programmbl e buffer,
nmust have the capability to configure them

one can use two [ Model
uni que nanes and the sanme |ist of [Mbddel]
the usage of the [ Model
Many ot her conbi nations are possible.

Sel ect or]
keywor ds;
i's not

for exanple an

keywords with
however,

limted to these

[ Pin] si gnal _nane nmodel _nane R pin L_pin C pin
I
1 RASO# Progbufferl 200.0m 5.0nH 2. OpF
2 HN1# I nput 1 NA 6. 3nH NA
3 AO 3-state
4 0o Progbuffer2
5 01 Progbuffer2 320.0m 3. 1nH
6 02 Progbuffer2
7 RD# I nput 2 310.0m 3.
I
I
| .
18 Vcc3 PONER
I
I
[ Model Sql ector] Pr ogbuf f
I
QuT_2 2 mA buffer without sl
ouT_4 4 mA buffer w thout sllew
QUT_6 6 mMA buffer
OUT_4S 4 mA buffer
QUT_6S 6 mA buffer
I
[ Model Sql ector]
I
ouT_2 v, rate control
QuUT_6 rate control
QUT_6S rate control
OuUT_8S rate control
QUT_10S slew rate control
I
| e ——— gy
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Section 6

MODEL STATEMENT

Keyword: [ Mbdel ]
Required: Yes
Description: Used to define a nodel, and its attributes.
Sub- Parars+—Modet—type—Retary—FErRabte—Rt—YrAh—C—
Rref, Vref
Usage Rul es: Each nodel type nust begin with the keyword

nodel nanme nust match the one that is |i
[ Model Selector] or [Series Pin Mapping]
contain nore than 20 characters. A .ibs
enough [ Mbdel] keywords to cover a
speci fied under the [Pin], [Mdde
Mappi ng] keywords, except for those
reserved words (POWNER, GND and

I nput, CQutput, iny 1/0O_open_drain,
Open_sink, 1/0 ope I/ O_open_source,
I nput _ECL, OQut put [ O ECL\3-state_ECL, Ternmi nator,

Series, and Seri es

Speci al e followi ng. Sone defini|tions

nodel types must have Vinl and |Vinh
ined. |If they are not defined, tHe
par ser issues a warning and the defaylt

values of Vinl = 0.8 Vand Vinh = 2.Q V are
assuned.

These nodel types nust have Vinl and [Vinh

defined. |If they are not defined, the
parser issues a warning and the defadlt
val ues of Vinl = -1.475 V and Vinh =

-1.165 V are assuned.

Ter mi _nat or This nmodel type is an input-only nodsl

that can have anal og | oading effects on the
circuit being sinulated but has no digita

| ogic thresholds. Exanples of Term nators
are: capacitors, term nation diodes, and
pul lup resistors.

Qut put This nodel type indicates that an output
al ways sources and/or sinks current and
cannot be di sabl ed.

3-state This nodel type indicates that an output
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can be disabled, i.e. put into a high
i npedance state.

Open_si nk These nodel types indicate that the output
Open_drain has an OPEN side (do not use the [Pull up]
keyword, or if it nmust be used, set | =
0 mA for all voltages specified) and the
out put SINKS current. Open_drain node
type is retained for backward
compatibility.

Open_source Thi s nodel type indicates that the out put
has an OPEN side (do not use the [ Rul|{l down]
keyword, or if it nmust b =
0 mA for all voltages t he
out put SOURCES curren

I nput _ECL These nmodel types de

Cut put _ECL represents an | ows

I/ O ECL wn]

3-state ECL

Series t hat

riesj,
ries

Series_swi pe is for series switch

can be described by [On],
[‘ Series], [L Series], [R Sqgries],
[Lc Series], [Rc Series],
ies Current] and [ Series MOSFET]

. conp subparaneters are required. The
Vinl, Vinh, Vmeas, Cref, Rref, and Vrgf
ers are optional. C _conp defines the silicon]|die
Thi s val ue should not include the capacitgnce of
Cconmp is allowed to use "NA" for the nin |and
The Pol arity subparaneter can be defired as
Non- 1 nverting or Inverting, and the Enabl e subparlanet er
can bhe defined as either Active-H gh or Active-Low.

The Cref and Rref subparanmeters correspond to the test l|oad

That the sem conductor Vendor USes WNhen Specitying tne
propagation delay and/or output switching tinme of the nodel
The Vneas subparaneter is the reference voltage |evel that the
sem conduct or vendor uses for the nodel. |Include Cref, Rref,
Vref, and Vneas information to facilitate board-Ievel timnng
simul ati on. The assunmed connections for Cref, Rref, and Vref
are shown in the follow ng diagram


https://iecnorm.com/api/?name=729c74faa032c63c73125437d90e2e0d

-26- 62014-1 © IEC:2001(E)

I
I I
| | [\ Rr ef
| | Driver| \|------ 0----/\/\/\----0 Vref
I I | 7] |
| | |/ ] === Cref
I I I I
I I
| GN\D
I
| Other Notes: A conplete [Mddel] description normally contains the follow ng
| keywords: [Voltage Range], [Pullup], [Pulldown], [GND Clanp],
| [ POAER Cl amp], and [Ranp]. A Term nator one |or
| nore of the [Rgnd], [Rpower], [Rac], and | , sone
| nodel s may have only a subset of these keywo ds anpl e,
| an input structure nornally only needs the del ,
| [GND Cl anp], and possibly the [ PONER Cha f one
| or nore of [Rgnd], [Rpower], [Rac], re
| used, then the Model _type nust be 7
| ______________________________________________________________
| Signals CLK1, CLK2,... | Optior d
[ Model ] Cl ockbuffer
Mbdel _type /0O
Pol arity Non- | nverting
Enabl e Active-High
Vinl = 0. ow' DC vol tage, ilf any
Vinh = 2. "hi gh" DC vol tage, |if any
Vneas = 1. timng nmeasurenents
Cref = 50 test | oad capacitance Val ue
Rref = 50 | oad resistance vgl ue
Vref =0 | oad vol t age
| vari abl max
C conp 15. OpF
I
| b —— bbb ———————————————————————— S —————
Key
Requ
Sub- P3 A Vinh-, Vinl+, Vinl-, S overshoot _high,
ow, D overshoot _high, D _overshoot_I| ow,
/time, Pulse_high, Pulse_|ow, Pulse_tine, Vngas
Descri g Spec] keyword defines four colums under whidh

ol l owi ng subparaneters are defined:

Vi nh I nput voltage threshold high

Vi Imput voltage threshnol d T ow

Vi nh+ Hysteresis threshold high max Vt+
Vi nh- Hysteresis threshold high mn Vt+
Vi nl + Hysteresis threshold | ow max Vt-
Vi nl - Hysteresis threshold ow min Vt-
S _overshoot _hi gh Static overshoot high voltage

S overshoot | ow Static overshoot |ow voltage

D overshoot _high Dynam ¢ overshoot high voltage

D overshoot _| ow Dynanm ¢ overshoot | ow voltage

D overshoot _tine Dynani ¢ overshoot tine

Pul se_hi gh Pul se i mmunity high voltage

Pul se_I| ow Pul se immunity | ow vol t age
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Pul se_tine Pul se immunity tine
Vreas Measur enent voltage for timng measurenents

Usage Rules: [Model Spec] nust follow all other subparaneters under the
[ Model ] keyword.

For each subparaneter contained in the first colum, the
remai ning three hold its typical, nininmmand nmaxi num val ues.
The entries of typical, nmininmmand nmaxi nrum nust be placed on
a single line and nust be separated by at |east one white
space. Al four colums are required under the [Mdel Spec]
keyword. However, data is required only in the typica
colum. If m ninum and/or maxi mum val ues are (not “avail gbl e,

the reserved word "NA" nust be used indicati al
val ue by default.
The m ni mum and mexi num val ues are used ns
subpar anet er values that may track the tion
conditions of the [Mdel]. Usually™it
Vol t age Range settings.
Unl ess noted bel ow, no subpar i avi ng pregent
any ot her subparaneter.
Vi nh, Vinl rules:

m n |and

he typ col unm val ues arg stil

0 override the Vinh and |Vinl

el sewhere. Note: the syntjax

/i nh and Vi nl under nodel s rlemai ns
are defined under the [Mbdg

s subparneters (used for Schmitt trigder
ning two thresholds for the rising edges |and
ds for falling edges) nust all be defined bgfore
i nput thresholds for rising and falling edggs of
eresis threshold rules becone effective. Oherwvise

andard threshol d subparaneters remain in effect. |The
eresis threshol ds shall be at the Vinh+ and Vinh- vgl ues
lowto-high transition, and at the Vinl+ and Vinl -
val ues for a high-to-low transition
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Recei ver Voltage with Hysteresis Threshol ds

Ri si ng Edge Fal I i ng Edge
Swi t chi ng Regi on 00 o] Swi t chi ng Regi on
| o 00 000000000 |
Vo o] |
- - - - - - - - - X 0 |
- - - - - - - - X 0 |
o] o |
0 0 |
0
- - - - - - o - - - -
- - - - - - o - - - -
0

S _over shoot _hi gh,

The static oversho
val ues for which

correctly. TypicaNy
physi cal conponent -t

D overshoot _tinme rul e

svprovi de a tinme w ndow durin
eed the static overshoot |im
¢ overshoot limts. D _overshoot |
am ¢’ overshoot testing. |In addition,
pecified, then S overshoot _high is
g beyond the static linmt. Simlarl
speci fied, then S overshoot lowis

000000

e
nction
e the

9
ts

tinme
if

y, if
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S overshoot _high - - - - - - -Xx o]

S over

D_over

I
I
D overshoot_high - - - - - - -+ - - -+
I
I
+

Recei ver Voltage with Static and Dynamic Overshoot Limts

D overshoot _time ->| <

| oo Passes - Does Not Exceed Bounds

|lo o

(0] 0O 000000000
[0) [0) [0)

| 000000---------------"---“---------
shoot low - - - - - -

shoot low - - - - - -

yes provide a time w ndow during vwhich
ceed the nearest threshold val ue byt
oltage value and still not cause thg
Pul se tinme is required for pulse immurnity
si'hg response is tested only if Pulse_high is
s5smlarly, a falling response is tested only if
speci fied. The rising response nmay exceed [t he
but renain bel ow the Pul se_hi gh val ue.

arly, the falling response may drop bel ow the Vi nh |val ue,

t_femai n above the Pulse | ow value. 1In either case the
input is regarded as immune to switching if the responsgs
are W thim These extended W ndows. 1 The NySTeresis

threshol ds are defined, then the rising response shall use
Vinh- as the reference voltage, and the falling response shal
use Vinl+ as the reference voltage.
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Recei ver Voltage with Pulse Inmunity Threshol ds

I I

I I

I I

| |

| | Swi t chi ng No Swi t ching
I I I I

| | | 00 0 |  Switching
| | | 0 00 000000000 | |

I I I 0 0 I I

| | V o 0 V oooV

| Vinh - - - - - - - - - - X - - - - - - - - - - - - - X 0+ -X

| | Pulse tine ->] o |<- looo | o

| Pulsefhigh- - - - - +o0- + Pul se low - + -

| | Pul se_tine ->|

|  Vinl | -

I I

I I

I I

I I

I

I

I

|

|

| eyword overridg the
I

T N N N
[ Model Spgec]

Subpar anet er

Thr eshdl ds

| 70% of Vcc
| 30% of Vcc

| Offset from Vqc
| for PECL

Vi nh+ 2.0 NA NA | Overrides the

Vi nh- 1.6 NA NA | threshol ds

Vi nl + 1.1 NA NA

Vi nl - 0.6 NA NA | Al 4 are reqyired
I

| Overshoot

I

S overshoot _hi gh 5.5 5.0 6.0 | Static overshoot

S overshoot | ow -0.5 NA NA

D overshoot _hi gh 6.0 5.5 6.5 | Dynami c overshoot
D overshoot _| ow -1.0 -1.0 -1.0 | requires

| | D_overshoot _tine
D overshoot tine 20n 20n 20n | & static overshoot
I

| Pulse Immunity

I

Pul se_hi gh 3V NA NA | Pulse immunity
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Pul se_I| ow 0 NA NA | requires

Pul se_tinme 3n NA NA | Pulse_tine

I

| Timng Threshol ds

I

Vneas 3.68 3.18 4.68 | A5 volt PECL

| | exanple

Keyword: [Add Subnodel ]

Required: No
Description: References a subnodel to be added to an existing nodel.
Usage Rul es: The [Add Subnodel] keyword is invoked within | add
the functionality that is contained in the ist of
subnodel s in each Iine that follows. The
contai ns the subnodel name. The second
subnodel node under which the subnodel i

If the top-level nodel type is one/0
nmodel s, the subnodel node may be Drj
For exanple, if the subnodel nx i
subnodel is used only in the/hi
Set the subnpdel node to i

I
I
I
I
I
I
I
I
I
I
| qr Al l.
I

I

I

| all nodes of operation
I

I

I

I

I

I

I

I

I

I

I

I

I

g, then tlhe
a 3-state rnodel.
is to be uded for

The subnode
type. For exanple

sub el
t op el
o .

pdel Description section in this dqcunent
of avail abl e subnodel s.

the top-Ilevel nopde
nodel type is an Ogen or
annot be set to Non-Driing.
type is Input, the suhnodel

Qut put type, the

Simlarl if the

s not defined for Series or

| ______________________________________________________
[ Add Subn
| Subnpdg
Bus_Hol d_| on-Driving | Adds the electrical characteristidgs of
| [Submodel] Bus_Hold_1 for receiver| or
| high-Z node only

| Adds the Dynmanic_clanp_1 nodel fd
| all nodes of operation

—

| Keyword: [Driver Schedul e]

| Required: No

| Description: Describes the relative nodel switching sequence for referenced
| nodel s to produce a nulti-staged driver

| Usage Rules: The [Driver schedul e] keyword establishes a hierarchical order
| bet ween nobdel s and shoul d be placed under the [Mdel] which

| acts as the top-level nodel. The schedul ed nodel s are then

| referenced fromthe top-level nodel by the [Driver Schedul e]

| keywor d.

I
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VWhen a nulti-staged buffer is nodel ed using the [Driver
Schedul e] keyword, all of its stages (including the first
stage, or normal driver) have to be npdel ed as schedul ed
nmodel s.

If there is support for this feature in a sinulator, the
[Driver Schedule] keyword will cause it to use the

[ Pul  down], [Pulldown Reference], [Pullup], [Pullup

Ref erence], [Voltage Range], [Ranp], [Rising Waveforn and
[Falling Waveform keywords fromthe schedul ed nodel s

i nstead of the top-level nodel, according to the tining
rel ati onshi ps described in the [Driver Schedul e] keyword.

Consequently, the keywords in the above I|i st e ignored
in the top-level nodel. Also, all other ke own
in the above list will be ignored in the (s).

ave

However, both the top-level and the s
to be conplete nodels, i.e. al
must be present and follow the sy

For backwards compatibility rea f imdl at ors which
do not support multi-staged i t
above list can be used in
the overall charac erlst
conposite node

top- | evel nndm

full multi-stage

as if it was 4
owever, that sdch a
|ation results 4gs

mended that a "gol dgn
ing of a [Rising Wavef orlm

ords are ignored in the
still make sense in sone cases t|o
Vi them One such situation woul @
is used both as a regular top-Ileve
chedul ed npdel

hedul e] table consists of five colums. The
contains the nodel nanes of other nodels that

.ibs file. The remaining four columms dedcri be
Rise_on_dly, Rise off_dly, Fall_on_dly, and
“dly. The t=0 tine of each delay is the event when
the simul ator's internal pulse initiates a rising or fallling
transition. All specified delay values nust be equal tq or
greater than 0. There are only five valid conbinations|in

wni cn these delay values Can De deTl ned.

1) Rise_on_dly with Fall _on_dly
2) Rise off _dly with Fall _off dly
3) Rise_on_dly Wi th Ri se_off _dly
4) Fall_on_dly with Fall _off _dly
5) All four delays defined
(be careful about correct sequencing)

The four del ay paraneters have the neaning as descri bed
below. (Note that this description applies to buffer types
whi ch have both pullup and pulldown structures. For those
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buf fer types which have only a pullup or pulldown structure,
the description for the mssing structure can be onmtted.)

Rise _on_dly is the anmount of tine that el apses fromthe
internal sinulator pulse initiating a Rl SING edge to the
t=0 tinme of the waveformor ranp that turns the |-V table of
the PULLUP device ON, and the t=0 tinme of the waveform or
ranp that turns the |-V table of the PULLDOMN device OFF (if
they were not already turned ON and OFF, respectively, by
anot her event).

Rise off dly is the anpbunt of tinme that el apses fromthe
internal sinulator pulse initiating a Rl SING

t=0 tine of the waveformor ranp that turns e of
the PULLUP device OFF, and the t=0 tine o or
ramp that turns the |-V table of the PULL (i f
they were not already turned ON and OBF y

anot her event).

Fall _on_dly is the amount of tine
internal sinulator pulse initiati
t=0 tine of the waveform or
t he PULLDOWN devi ce ON, and

anot her event).

Fall _off _dly is the a
i nternal .si

abl e of the PULLUP device ON (i
urned ON and OFF, respectively, H

Q@
o
3
S
o
2
o
=
o

<
o
=

<
o
o

e
o
o
@
=2
o
-

n no delay value is applicable. For each
d nodel the transition sequence nust be conpletagq,
e schedul ed nodel nust return to its initial state

Dri ver Schedul e] table nay reference a nodel which
itself has within it a [Driver Schedul e] keyword.

Ot her Notes: The added nodels typically consist of Open_sink (Open_drain)
or Open_source nodels to provide sequentially increased drive
strengths. The added drive may be renoved within the sane
transition for a nmonentary boost or during the opposite
transition.

The syntax also allows for reducing the drive strength.
Note that the Rise_on_dly, Rise off _dly, Fall_on_dly,

Fall _off _dly paraneters are single value paraneters, so
typical, mnimmand maxi num conditi ons cannot be descri bed
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with themdirectly. In order to account for those effects,
one can refer to the fastest waveformtable with the del ay
number and then insert an appropriate anount of horizonta
lead in section in those waveforns whi ch need nore del ay.

I

I

I

I

I

| Notice that the C conp paraneter of a nulti-stage buffer is
| defined in the top-level nodel. The value of C _conp

| therefore includes the total capacitance of the entire

| buffer, including all of its stages. Since the rising and
| falling waveform neasurenents include the effects of

| C conp, each of these waveforns nust be generated with the
| total C conp present, even if the various stages of the

I

I

I

I

I

I

buffer are characterized individually.
Note: In a future release, the [Driver may
be replaced by a newer nmethod of specifi
consi stent with sone ot her planned extension t he
[Driver Schedule] syntax will continue to he~supperted.
| ______________________________________________________ .
[Driver Schedul e]
| Model _nane Rise_ on_dly Rise off _dly F aNl off dly
MODEL _QUT 0. Ons NA
I
| tions
M O SOYRCE1 0. 5ns :
| zﬂ |l ow (high-2Z) to high
M O SOYRCE2 0. 5n 1.5n
| lowto high tolo
M O DRAI N1 1.0n
| low to th (high-2Z) to | ow
M O DRAI N2 NA . 5n 2.0n
| i igh to low to high
I
| b ——— pr——. S = pr b ———————————————————————————————— S —————
I Key
| Req( he preferred 0, 50, 100 degree Celsilus
I
| Descrip yperature range over which the nmodel is td
I
| Usage H di e tenperatures (not percentages) in the typ,
| "NA" is allowed for min and max only.
| Other N ' keyword al so describes the tenpgrature
| range over which the various |-V tables and ranp rates vere
| >
T o e
| variabl®e TYp mn Tax
[ Tenper at ur e Range] 27.0 -50 130.0

I

| sy —————————————————————————————————
| Keyword: [Voltage Range]

| Required: Yes, if [Pullup Reference], [Pulldown Reference], [POAER

| Cl anp Reference], and [GND Cl anp Reference] are not present

| Description: Defines the power supply voltage tol erance over which the

| nodel is intended to operate. It also specifies the default

| voltage rail to which the [Pullup] and [ POAER Cl anp] |-V data
| is referenced.

| Usage Rules: Provide actual voltages (not percentages) in the typ, mn, nmax
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format. "NA" is allowed for the mn and nmax val ues only.

Ot her Notes: |If the [Voltage Range] keyword is not present, then all four
of the keywords described bel ow must be present: [Pullup
Ref erence], [Pulldown Reference], [POAER Cl anp Reference],

and [GND Cl anp Reference]. |If the [Voltage Range] is present,
the other keywords are optional and may or mamy not be used as
required. It is legal (although redundant) for an optiona

keyword to specify the sane voltage as specified by the
[ Vol t age Range] keyword.

| variable typ mn max
[ Vol t age Range] 5.0V 4.5V 5.5V
I
| b b —————————————— e i Y S——
| Keyjword: [Pullup Reference]
| Reqyired: Yes, if the [Voltage Range] keyword is né6t
| Descrigtion: Defines a voltage rail other than that i
| Range] keyword as the reference voltage fo
| dat a.
I

I

I

I

Usage Rul es: Provide actua
format. "NA" is allowed for the

O her Notes: This keyword, if present,
whi ch the typ, min, and nax
| _______________________________________
| vari ablle typ
[ Pul  up Reference] 5.0V

Key\word: [Pull do
Reqired: Yes, if yword i s not present.
Descrigtion: Defi a ot her than 0 V as the refergnce
vol t age -V data. If this keyword i g not
rta points in the [Pulldown] 1-V tlable

k

ol tages (not percentages) in the typ, mj|n, nax
owed for the min and nmax val ues only.
present, al so defines the voltage rangg over
n, and nmax dV/dt_f val ues are derived.

| R Cl anp Reference]

| Reqyited: Yes, if the [Voltage Range] keyword is not present.
| Description Defines a vottage raif _other than that defined by the [ Vol tage
| Range] keyword as the reference voltage for the [ POAER Cl anp]

| |-V dat a.
I

I

I

I

Usage Rul es: Provide actual voltages (not percentages) in the typ, mn
max format. "NA" is allowed for the mn and nax val ues only.

O her Notes: Refer to the "Other Notes" section of the [G\ND Cl anp
Ref erence] keyword.

| variable typ mn max
[ PONER Cl anp Reference] 5.0V 4.5V 5.5V
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Keyword: [GND Cl anp Reference]
Required: Yes, if the [Voltage Range] keyword is not present.
Description: Defines a power supply rail other than O V as the reference
voltage for the [GND Clanp] |-V data. |If this keyword is not
present, the voltage data points in the [GND Clanp] |-V table
are referenced to 0 V.
Usage Rul es: Provide actual voltages (not percentages) in the typ, mn, nax
format. "NA" is allowed for the nmin and max val ues only.
Ot her Notes: Power Supplies: It is intended that standard TTL and CMOS
nodel s be specified using only the [Voltage Range] keyword.
However, in cases where the output characteristics of a nodel

depend on nore than a single supply and groun I'lup],
[ Pul | down], [POVWER Cl anp], or [GND Cl anp] t enced
to sonething other than the default suppli®
addi tional 'reference' keywords.
vari ablle typ nn
[ GND Cl anp Ref erence] ov ov
Keywords: [TTgnd], [TTpower]
Reqired: No
Descrigdgtion: These keywords speegify the NS Nme paraneters used|to
estimate the tranSit\tid4 i f devel op transift tine
3 and [ POER Cl anp]
Usage Rul es: A hree colums hold the tlransit

cal , m ninmum and maxi mum [ GND
, respectively. The entriles for
nmust be placed on a singlq line
| east one white space. All |three
'er u~der t hese keywords. However, datla is
ypical colum. |If m ninum and/ or
not avail able, the reserved word "NA" nust
he TT(typ) value by default.
apacitance is added to C conp. It is|in a
model as & = TT * d(1d)/d(Vvd) where
.eflnes the DC conductance at the increnmentgl DC
oint of the diode, and TT is the transit ting.
expressi on does not include any internal series
Such a resistance is assunmed to be negligihle in
Assune that the internal diode current (Id) -
age (Vd) relationshipis Id =1s * (exp(q(vd)/kT) - |1)
where Is is the saturation current, q is electron chargd, k is
Bottzmann s constant, and T 1S tenperatuare 1n degrees Kelvin.
Then d(1d)/d(Vvd) is approximately (q/kT) * Id when the di ode
is conducting, and zero otherwise. This yields the
sinmplification ¢t =TT * (g/kT) * Id. The Id is found from
the [GND Cl anp] and [ POAER Cl anp] operating points, and the
correspondi ng TTgnd or TTpower is used to calculate the Ct
value. |If the [Tenperature Range] keyword is not defined,
then use the default "typ" tenperature for all C
cal cul ati ons.

O her N

The effective TT paraneter values are intended to APPROXI MATE
the effects. They may be different fromthe values found in
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| the Spice diode equations. Refer to the NOTES ON DATA
| DERI VATI ON METHOD for extracting the effective val ues.

| variable TT(typ) TT(nin) TT( max)
[ TTgnd] 10n 12n 9n
[ TTpower ] 12n NA NA

|

Keywords: [Pulldown], [Pullup], [GND Cl anp], [POAER Cl anp]

Required: Yes, if they exist in the node
Description: The data points under these keywords define the |-V tables of
the pull down and pullup structures of an output buffer and the
|-V tabl es of the clanping di odes connected tg thexGND _gnd t he

POVER pins, respectively. Currents are con ive
when their direction is into the conponen

Usage Rules: |In each of these sections, the first co
vol tage val ue, and the three renaining
typical, mninmm and maxi mum current
entries, Voltage, I(typ), I(nin), a ced on
a single line and nust be separ at ed gne whi tje
space.
Al four colums are requi However,

data is only requi I'f mninmum
and/ or maxi mum cufren avai | abl e, the rederved
word "NA" nust be used ed for currents iln the
typi cal columm, but—x i VST be specified for| the
first and | ast volltag omany |-V table. Each |-V

ot nore than 100, voltgge

Ot her Notes: p] and the [ POAER Cl anmp] stryctures
ni ng that the voltage val ues are
¢ (Note: Under these keywords,| al

efer to the voltage rail defined by the
Pdl | up Reference], or [POVER Cl anp
, as appropriate.) The voltages in tlhe

e—derived fromthe equation: Vtable = Vcq -

for a5 V nodel, -5 Vin the table actually
above Vcc, which is +10 V with respect to groynd;
and 10 V neans 10 V below Vcc, which is -5 V with respedt to
d. Vcc-relative data is necessary to nodel a pull(p
structure properly, since the output current of a pullug
Structure depends on the voltage between tne output and Vcc
pins and not the voltage between the output and ground pins.
Note that the [GND Clanp] |-V table can include quiescent

i nput currents, or the currents of a 3-stated output, if so
desired.

VWhen tabulating data for ECL nodels, the data in the

[Pull down] table is neasured with the output in the 'logic
|low state. 1In other words, the data in the table represents
the |-V characteristics of the output when the output is at
the nost negative of its two logic levels. Likew se, the data
in the [Pullup] table is nmeasured with the output in the
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‘"l ogic one' state and represents the |-V characteristics when
the output is at the npst positive logic level. Note that in
BOTH of these cases, the data is referenced to the Vcc supply
vol tage, using the equation: Vtable = Vcc - Voutput.

Monot oni city Requirenents:

To be nmonotonic, the |-V table data nust neet any one of the
following 8 criteria:

1- The CURRENT axi

the vol tage axi

2- The CURRENT axi

either increases or renmains constant as
is increased.
ei ther increases or renmmins constant as

i s decreased.
ei ther decreases or
is increased.

ei ther decreases
i s decreased.

the vol tage axi
3- The CURRENT axi
the vol tage axi
4- The CURRENT axi
the vol tage axi

nt as

Nt as

nononononnonon

5- The VOLTAGE axi
the current axi
6- The VOLTAGE axi
the current axi
7- The VOLTAGE
the current
8- The VOLTAGE
the current axi

either increa nt as

const gnt as

const gnt as

nu nnnonon

remmi ns constgnt as

An | Bl S syntax checki shal | test for non-nopnotjonic
warning per |-V tablelif

down |-V table for npdel DC040403
bst simulators will filter this data

éd that the data nmay be nonotonic if
the out put stage and the clanp di ode |are

as nost sinulators do. To limt the conplexity
Jersion 2.x and Version 3.x syntax checking
uch prograns will conduct nonotonicity testing only
table at a tine.

assuned that the sinulator suns the clanp tables
gether with the appropriate [Pullup] or [Pulldown] tahle
when a buffer is driving high or Iow, respectively. Frdgmthis

assunption and The nature of 3-statabi e buffers, 1t foffows
that the data in the clanping table sections are handl ed as
constantly present tables and the [Pullup] and [ Pull down]
tabl es are used only when needed in the sinulation

The clanp tables of an Input or I/O buffer can be neasured
directly with a curve tracer, with the 1/0O buffer 3-stated.
However, sweeping enabled buffers results in tables that are
the sum of the clanping tables and the output structures.
Based on the assunption outlined above, the [Pullup] and

[ Pul | down] tables of an IBI'S nodel nust represent the
difference of the 3-stated and the enabl ed buffer's tables.
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I
[
I
I

—_—— — — —

(Note that the resulting difference table can denonstrate a
non- nonot oni ¢ shape.) This requirenent enables the sinulator
to sumthe tables, w thout the danger of double counting, and
arrive at an accurate nodel in both the 3-stated and enabl ed
condi tions.

Since in the case of a non 3-statable buffer, this difference
tabl e cannot be generated through |ab nmeasurenents (because
the clanping tables cannot be neasured al one), the [Pullup]
and [Pull down] tables of an IBI'S nodel can contain the sum of
the clanping characteristics and the output structure. 1In
this case, the clanping tables nust contain all zeroes, or the

Pul | down

—

Vol t age

-5.0V
-4. 0V

0.0V
5. OV
10. oV
Pul | up]

Vol t ag

-5. 0V
-4. 0V

I (typ) I (min) I ( max)
-40.0m -34.0m -45. 0m
-39.0m -33.0m -43. 0m

0.0m 0.0m 0.0m

40.

keywords nust be omtted.

Oom 34.0m

able = Vcc - Vout put

- o59UU.

um -o5000.0Um -4000.Um

.0m -75.0m -85.0m
.0m -20.0m -25.0m
.4m -2.0m -2.9m
.0m 0.0m 0.0m
.0m 0.0m 0.0m
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PONER Cl anp] | Note: Vtable = Vcc - Vout put
Vol t age I (typ) I (mn) I (max)
-5.0V  4450. 0m NA NA
-0.7V 95. Om NA NA
-0.6V 23.0m NA NA
-0.5V 2.4m NA NA
-0. 4V 0.0m NA NA
0.0V 0.0m NA NA
Keywords: [Rgnd], [Rpower], [Rac], [Cac]

Reqired: Yes, if they exist in the nodel
Descrigdtion: The data for these keywords define the resi q of
respectively, and the resistance and /|f or an
AC term nator.

Usage Rul es: For each of these keywords, the t
typical, mnimm and meximum resi
entries for R(typ), R(mn),
for C(typ), C(mn), and C(max
and nmust be separated by a

ree
ries
e line
Al'l |three
However, datla is
m ni mum and/ or
eserved word "NA"l nust
p) val ue by def aul t|.
is connected to 'Vcc' 4nd
owever, [GND Cl anp Referlence]

O her Not es:

[ POAER Cl anp
apply to [ Rpower]. Eitlher or
‘ be defined and may coexist |[with
R\Cl anp] tables. [|f the term nator

R/and C (often referred to as eithgr an
then both [Rac] and [Cac] are reqyired.
ver], or [Rac] and [Cac] are specified,| the
Ter m nat or .
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[ Vol tage Range] or
[ POER Cl anp Ref erence]
0

I
PONER_ 0---0---0

kage paraneters are avail able
dard, including nore detailed

I

I

I

I

I

I

I

I clanmp | I

I |--0--]| \

I I I /

| | 1-V | \ Rpower [ Package] Keyword
| | | / Subparaneters *

I [--0--] I [ <---mmmmmeee -

I I I

I I I

| 0----- O------- 0----- 0----- INTNTN - -

I I | GND_ | I R_pkg

I I |clamp | I

I | |--0--| I I

I | I \ I

| | ] 1-V | / Rgnd |

I [ I \ \

| | | --0--] / !/ Rac

I I I \ I
I I o [ I
I I
| C_pkg ===
I I
I I
I I
I I ¢ L R ¢ e 0
I

I

I

I

I

I

I

| vari abl R(m n) R( max)

[ Rgnd] 3000hm 360ohm | Parallel Terrminator
[ Rpower ] 2000hm NA

I

[ Rac] NA NA

I

| variabl®e Typ) C(mn) C(Tex) [ AC Term nator

[ Cac] 50pF NA NA

| Keywords: [On], [OFf]

| Required: Yes, both [On] and [OFf] for Series_switch Mddel types only

| Description: The 'On' state electrical npdels are positioned under [On].

| The 'O f' state electrical nodels are positioned under [OFf].
| Usage Rules: These keywords are only valid for Series_sw tch Mdel _types.

| Only keywords associated with Series_switch electrical nodels
| are permitted under [On] or [OFf]. The Series electrical

| nmodel s describe the path for one state only and do not use
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the [On] and [OFf] keywords.

In Series_switch nodels, [On] or [Of] must be positioned
before any of the [R Series], [L Series], R Series],

[C Series], [Lc Series], [Rc Series], [Series Current],
and [ Series MOSFET] keywords. There is no provision for
any of these keywords to be defined once, but to apply to
bot h states.

On state keywords such as [R Series], [Series Current], [Series MOSFET]

Offf state keywords such as [R Series], [Series Current]

Keywords: |[R Series], [L Series], [R Series],
[Rc Seri es]

Reqired: Yes, if they exist in the node
Descrigtion: The data for these keywords all ow
Series_switch R, L or C paths.
Usage Rul es: For each of these keywords, e
typical, mninmm and maxim
entries nust be placed on a Si

iles or

ree
rated

by at | east one whikte spag ired
under these keywo t he
typical colum. t
avai l abl e, the rese

Ot her Notes: This series RLC si nmpl e

passive

for Series or Series_swtdh

_____________________ +
I
| Pin 2

---------- +--->

I |

[ |

+---| | --- CooEEEEan - - /\/\/\/\---+

| Lc Series Rc Series
C Series

[RI Series] shall be defined only if [L Series] exists.
[RI Series] is O ohns if it is not defined in the path.

[Rc Series] and [Lc Series] shall be defined only if

[C Series] exists. [Rc Series] is O ohms if it is not
defined in the path. [Lc Series] is O henries if it is
not defined in the path.

C conp values are ignored for these keywords.
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| variable R(typ) R(m n) R( max)

[R Series] 8ohm 6ohm 12o0hm

I

| variable L(typ) L(m n) L( max)

[L Series] 5nH NA NA

| variable R(typ) R( i n) R( max)

[RI Series] 4ohm NA NA

I

| variable C(typ) C(min) C(mex) | The other elenents
[C Series] 50pF NA NA | are O inpedance

I
| e ————————————————————————————————————————————————————————————————————————
Key\word: [Series Current]

Reqyired: Yes, if they exist in the nodel

Descrigdtion: The data points under this keyword define for
vol tages neasured at Pin 1 with respect nt s
are considered positive if they flow int ) and
2 are listed under the [Series Pin Mpping r
colums [ Series Pin Mapping] and pi i

Usage Rules: The first colum contains the vol mi ni ng
colums hold the typical, mnir al ues.
The four entries, Voltage, | st be
pl aced on a single line and t one

white space

ese keywords. Hoyever,
colum. |If mninum
e not avail able, the rederved
be used for currents iln the

¢ val ues MUST be specified for| the
hage tpoi nt's” on any |-V table. Each |-V
but not nore than 100, voltgge

Ot her N ity requirenent. However the nodel
afize that it may not be possible to derive

from non- nonot oni ¢ dat a.

ds are valid only for Series or Series_switdgh

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| Pinl |--------- | Pin 2
I

I

I

I

C conmp values are ignored for [Series Current] nodels.
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[ Series Current]

| Vol tage I (typ) I (mn) I (max)
-5.0V -3900.0m -3800.0m -4000.0m
-0.7V -80.0m -75.0m -85.0m
-0. 6V -22.0m -20.0m -25.0m
-0.5V -2.4m -2.0m -2.9m
-0.4V 0.0m 0.0m 0.0m
5.0V 0.0m 0.0m 0.0m

Keyword: [ Series MOSFET]
Required: Yes, for series MOSFET switches
Descrigtion: The data points under this keyword define the/l1-V tableg for
i rents
are considered positive if they flow into Ri . | and
2 are listed under the [Series Pin Mapp
[ Series Pin Mapping] and pin_2 colum
Sub- Pdrams: Vds
Usage Rules: The first colum contains the voltdage L ee
remai ni ng colums hold the typica i i i
current values. The four entrives,
and | (max) must be placed on/a si
separated by at |east one i

in),

Al'l four colums Gare Q ese keywords. Hovever,
data is only requi i If mninmm
and/ or maxi mum cur avail abl e, the rederved

word "NA" nust be (used ! n be used for currents iln the
typi cal i s MUST be specified for| the

first i 3 ntsyon any |-V table. Each |-V
; > put not nore than 100, volt3ge

requi renent. However the node
ize that it may not be possible to derive
f'r om non- nonot oni ¢ dat a.

------- >
Vds -
Pin 2
[---> +
| | - s
——F-- Vg5 Vs
| g +

Vg = [ Vol tage Range] = Vcc
Vgs = Table Voltage = Vtable = Vcc - Vs

lds = Table Current for a given Vcc and Vds

Internal logic that is generally referenced to the power rai
is used to set the MOSFET switch to its 'On' state. Thus the
[ Vol t age Range] settings provide the assuned gate voltages.

If the [ PONER Cl anp Reference] exists, it overrides the

[ Vol t age Range] value. The table entries are actually the Vgs

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| O her
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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val ues referenced to the power rail. The polarity conventions
are identical with those used for other tables that are
referenced to power rails. Thus the voltage colum can be
viewed as a table defining the source voltages Vs according to
the convention: Vtable = Vcc - Vs.

If the switch is used in an application such as interfacing
between 3.3 V and 5.0 V logic, the Vcc may be biased at a
vol tage (such as 4.3 V) that is different froma power rai
vol tage (such as 5.0 V) used to create the nodel. Just
readj ust the [Voltage Range] entries (or [ POAER Cl anp

Ref erence] entries).

One fundanental assunption in the MOSFET swi t hat
it operates in a symmetrical manner. The

expressions are given assunng that vd > s,
then apply the sanme rel ationshi ps unde hat

the source and draln nodes are interc ang--. nce of
i ilned to
val ues vds > 0. € rents
will be 0 mA C PRI S gunpti on |t hat

i i hat the vgltage
" the | owest
ource). Thus |t he

both directions, |as
e switch is connedted in

sour de
be expressed in terns of the correspqgndi ng
sociated with Vs (and expressed as a fynction

Serles MOSFET] table is supplied (as a firdt

the functional relationship is asquned
early related to the table drain to source currlent,
for the given Vds subparaneter value and | ocated at| the
ing gate to source voltage value Vgs. This table durrent
is denoted as lIds(Vgs, Vds). The functional rel ationshi|p
DEecConEs:

ids = lIds(Vvgs, Vds) * vds / Vds.

More than one [Series MOSFET] table is permitted, but it is
si mul at or dependent how the data will be used. Each
successive [Series MOSFET] table nust have a different
subparanmeter value for Vds. The nunber of tables nust not
exceed 100.

C conp values are ignored for [Series MOSFET] nodel s.
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[ On]
[ Seri es MOSFET]
Vds = 1.0
| Voltage I (typ) I (mn) I (max)
5.0V 257.9m 153. 3m 399.5m | Defines the Ids current as a
4.0V 203. 0m 119. 4m 317.3m | function of Vgs, for Vds = 1.0
3.0V 129. 8m 74.7Tm 205. 6m
2.0V 31.2m 16. 6m 51. Om
1.0V 52.7p 46.7p 56. 7p
0.0V 0. 0p 0. 0p 0. 0p
I
| e ———————————————————————————————————————————————————————————————————————————————
Keyword: [ Ranp]
Reqyi red: Yes, except for inputs, term nators, Series witch
nodel types.
Descrigtion: Defines the rise and fall tines of a buff at e
does not include packagi ng but does inc of the
C _conp paraneter.
Sub- Pgrans: dV/dt_r, dv/dt_f, R_|oad
Usage Rules: The rise and fall tine is defined t akes tlhe

[ Ranp]

| vari abl
dv/ dt _r
dv/ dt _f
R | ocad =

output to go from20%to 80% of i
rate is defined as:

av

dt Time it takes\to 's ol tage

as an explicit fraction |and

p]val ues can use "NA" for| the
R | oad subparaneter is opt|i onal
g used. The R_|oad subparaneter
d load is used.

max
2. 49/ 650p

)21/ 1. 54n 2.70/ 770p

i ng\Waveform , [Falling Waveform

rafs: R fixture, V_fixture, V_fixture_mn, V_fixture_nmax, C fi|xture,

C_fixXture, R_dur, C_dur, C_aut

Usage Rules: Each [Rising Waveforn]l and [Falling Waveforn] keyword

introduces a table of tine vs. voltage points that describe
the shape of an output waveform These tine/voltage points
are taken under the conditions specified in the
R/L/C/V_fixture and R/IL/C dut subparameters. The table itself
consi sts of one columm of tinme points, then three colums of
vol tage points in the standard typ, mn, and nax format. The
four entries nust be placed on a single |line and nust be
separated by at | east one white space. All four colums are
required. However, data is only required in the typica
colum. If mininmumor maxi num data is not avail able, use the
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reserved word "NA". The first value in the tine colum need
not be '0'. Tinme values must increase as one parses down the
table. The waveformtable can contain a maxi mum of 100 data
points. A maxi mum of 100 waveform tables are all owed per
model .  Note that for backward conpatibility, the existing

[ Ramp] keyword is still required. The data in the waveform
table is taken with the effects of the C conp paraneter

i ncl uded.

A waveformtable nmust include the entire waveform i.e., the
first entry (or entries) in a voltage colum nust be the DC
vol tage of the output before switching and the lLast entry (or
entries) of the columm nust be the final DC v
output after switching. Each table nust co i

eaqt two

entries. Thus, nunerical values are requi i|rst
and | ast entries of any colunn cont ai ni ng N

A [ Model ] specification can contain edge
or falling edge waveformtabl e. y must
begin with the appropriate keywor dwand s l'ist] as
shown below. If nore than one Ti Si ing edge wgveform

table is present, then the d
tabl es nust be tine correla

e respecti\e
woTds, the riding
(falling) edgs

ify the | oading conditiqgns

! ers
are used if the waveformingl udes
The di agr am|bel ow

TEST FI XTURE

I

I

| L fixture R fixture
| --@@a® - -0---/\/\/\----- V_filxture
I I

I I

I I

| === C_ fixture
I I

I

I

I
G\D

NOTE: The use of L_dut, R dut, and C dut is strongly

di scouraged in devel opi ng Waveform data from sinul ati on
model s.  Sone sinmulators may ignore these paraneters because
they may introduce nunerical tine constant artifacts.

Only the R fixture and V_fixture subparanmeters are required,
the rest of the subparaneters are optional. |f a subparaneter
is not used, its value defaults to zero. The subparaneters
must appear in the text after the keyword and before the first
row of the waveformtable
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V_fixture defines the voltage for typ, nmn, and max supply
conditions. However, when the fixture voltage is related to
the power supply voltages, then the subparaneters
V_fixture_mn and V_fixture_max can be used to further specify
the fixture voltage for m n and max supply vol tages.

NOTE: Test fixtures with R fixture and V_fixture,

V_ fixture_nmn, and V_fixture_nax only are strongly encouraged
because they provide the BEST set of data needed to produce
the best nmodel for sinmulation. Cfixture and L_fixture can be
used to produce waveforns which describe the typical test case
setups for reference.

NOTE: In npost cases two [Rising Waveforni
[Falling Wavefornl tables will be necessary
nodel i ng.

All tables assunme that the die capacit

Potential numerical problens associate i i t he
data using the effective C conp fo i tance

R fixturg = 50

V_ fixturgd = 0.0

| Cfixtdre = 50p | These a ho eheral ly not recomfended

| L_fixtdre = 2n

| C_dut 3

| R dut 3

| L_dut 3

| Tinme V( max)
0. 000d 00V 43. 5700V
0. 2000 5090nmvV 23.4150nV
0. 4000 79375V 0. 3944V
0. 6000 0. 2673V 1. 3400V
0. 8000 0. 6042V 1. 9490V
1. 000d 0. 9256V 2.4233V
1. 2000 1. 2050V 2.8130V
1. 4000 1.3725V 3. 0095V
1. 6000ns 1. 5560V 3. 1265V
1. 8000k 1.7015V 3. 1600V
2. 0000 1. 8085V 3. 1695V

| ...
10. 000d@ 2. 3600V 3.1670V

I

[ Fal I'i ng vaveform

R fixture = 50

V_ fixture = 5.5

V fixture_nmn = 4.5

V_fixture_max = 5.5

| Tine V(typ) V(mn) V( max)
0. 0000s 5. 0000V 4. 5000V 5. 5000V
0. 2000ns 4. 7470V 4. 4695V 4.8815V
0. 4000ns 3. 9030V 4. 0955V 3. 5355V
0. 6000ns 2.7313V 3. 4533V 1. 7770V
0. 8000ns 1. 8150V 2. 8570V 0. 8629V
1. 0000ns 1.1697V 2.3270V 0. 5364V


https://iecnorm.com/api/?name=729c74faa032c63c73125437d90e2e0d

62014-1 © IEC:2001(E) -49 -

1. 2000ns 0. 7539V 1.8470V 0. 4524V
1. 4000ns 0. 5905V 1. 5430V 0. 4368V
1. 6000ns 0. 4923V 1.2290V 0. 4266V
1. 8000ns 0. 4639V 0. 9906V 0. 4207V
2.0000ns 0. 4489V 0. 8349V 0. 4169V
10. 0000ns 0. 3950V 0. 4935V 0. 3841V
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Section 6a

ADD SUBMODEL DESCRI PTI ON

The [ Add Subnopdel] keyword can be used under a top-level [Mdel] keyword to
to add special -purpose functionality to the existing top-level nodel. This

SeCtI 0 doceri bac + ha ot v ot a r\'F thao t+aon | v al wnrlnl —\nrl 'I'bm Inwnrlrl
e S e+ es—trRe—Sttdeture—6+ LR A = Ve e ot .

TOP- LEVEL MODEL:

When speci al - purpose functional detail is needed,
call one or nore subnodels. The [Add Subnodel ]
after tlhe initial set of required and optiona
keyword and anong the keywords under [ Model].

The [Add Subnopdel] keyword |ists of nanme of /each § and the perrmitted
nmode (Oriving, Non-Driving or All) under i e i s |used.

SUBMODHL :

A subngdel is defined using the ./ It contains a sufset
of keywords and subparaneters used for keyword al ong with |ot her

keywords and subparaneters that |\are e he added functionality.
The [ Sybnopdel] and [ St e EZj:%ros are defined first since they

are usdd for all s

The onlly requi L [ i Subnodel] is Subnmodel _type to define the
l'i st of] subnp JES. ar anet ers under [Model] are pernitted |under
the [ Sybnodel ]

The f ol
support

at are defined under the [Mdel] keywqrd are

[ Pul | ddw
[ Pul | ug
[G\D C
[ PONER
[ Ranp]
[ Ri sind Waveform
[Fal ling Waveform

The [ Vol tage Range], [Pullup Reference], [Pulldown Reference], [G\D C anp
Ref erence], and [ POAER Cl anp Reference] keywords are not permtted. The
vol tage settings are inherited fromthe top-Ilevel nodel.

These additional keywords are used only for the [ Subnpdel] are docunented
in this section:
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[ Subnodel Spec]
[ GND Pul se Tabl e]
[ POAER Pul se Tabl e]

The application of these keywords depends upon the Subnopdel type entries

listed bel ow

Dynani c_cl anp
Bus_hol d

Permtted keywords that are not defined for any of these subnodel types are

i gnored. The

rules for what set of keywords are required are found under

the Dyrjlami ¢ Cl anp and Bus Hol d headi ngs of this section

Keylwor d:
Reqdi r ed:
Descrigdtion:
Sub- Pqr ans:
Usage Rul es:

O her Not es:

Subnodel |type

[ Subnodel ]
No

Used to define a subnodel, and its att
Subnodel _type

Each subnodel must begin with the The
subnodel name nust match the ogne i i st edunder ar
[ Add Subnodel] keyword and nu bal ore than 2(

characters. A .ibs file
keywords to cover
[ Add Subnpdel] k

[ Subnodel ]
peci fied under| t he

ed and nust be one df the

The C¢ i odel ]
t he
are provided in the top-level nodel.

of keywords that are defined under the
n be used under [Subnodel]: [Pulldowi],
anp], [POVER Cl anp], [Ranp], [Rising
ad [ Fal i ng Waveforni.

owing list of additional keywords can be used:
Spec], [GND Pul se Table], and [ POAER Pul se Tafl e].

ic_clanpl

Keywor d:
Requi r ed
Descri pti on:

Sub- Par ans:
Usage Rul es:

[ Subnodel Spec]

No

The [ Subnpdel Spec] keyword defines four col unms under which
specification and information subparanmeters are defined for
subnodel s.

V_trigger_r, V_trigger f, Of_delay

The [ Subnpdel Spec] is to be used only with subnopdels.

The foll owi ng subparaneters are used:
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V_trigger_r Ri sing edge trigger voltage

V_trigger_f Falling edge trigger voltage

O f _del ay Turn-of f delay fromV_trigger_r or
V_trigger_f

For each subparaneter contained in the first colum, the
remai ning three hold its typical, nmininmmand nmaxi nrum val ues.
The entries of typical, mninmmand nmaxi rum be nust be pl aced
on a single line and nust be separated by at |east one white
space. All four colums are required under the [Subnode
Spec] keyword. However, data is required only in the typica
colum. |If m ninum and/or maxi num val ues are not avail abl e,

the reserved word "NA" nust be used to indicat/e the typilca
val ue by default.

correspond to the values in the sane erited
top-level voltage range or reference -l eve
nmodel . The V_trigger_r and V_trigge ould

hol d values in the nmininum and maxiau s that corrlespond
to the voltage range or referernce e top-I|gve
model .  The O f _del ay subpar g i's an exception
to this rule because in sone be” conpl etely |or

or partially indep ages and/ or
manuf act uri ng praoces ore the m ni nurp and
maxi mum entries fo ) raneter shoul d bsg
ordered sinply by

¢] subparaneter is indegendent

es for the rising and falling edges

ality of the OFf _delay subparanmeter is to prlovide
time related nechanismto turn off circuit

< " V< T - T

Dynam ¢
Subnodel
Subp TYp mn Tax
trigger_r 3.6 2.9 4.3 | Starts power pulse table
trigger _f 1.4 1.2 6 | Starts gnd pulse table
Bus Hol d Exanpl e:
Subnodel
Subpar anet er typ mn max
trigger_r 3.1 2.4 3.7 | Starts low to high

| bus hold transition
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V_trigger_f

1.8 1.6 2.0 | Starts high to | ow
| bus hold transition

Bus_hol d application with pullup structure triggered on and then cl ocked off:

I
I
I
[
| Subpar anet er typ i
Y, 2

Subnodel Spec]
n max
trigger_r 3.1 .4 3.7 | Lowto high transition
| triggers the turn on
| process of the pullup
V_trigger_f -10.0 -10.0 -10.0 | Not used, so trigger
| voltages are set out
|
O f _del ay 5n 6n |
|
I

exanpl ¢

Keywor ds:
Reqdi r ed:
Descrigdti on:

Usage Rul es:

Dynani d Cl anp:

VWhen tHe Subnodel _type subparaneter under
Dynam d_cl anp,

The [ GND Pul se Tabl e] and [ POVE

t he subnpdel describes the

tage versus tine of [GN\D @I anp]
hi n subnodel s.

me versus vs. points that descrilbe
an™of fset voltage fromthe [GND Cl anp Referlence]
ground) or the [PONER Cl anp Referenge]
t [Voltage Range] voltage). Note, thgse
ecwvahues—are i nherited fromthe top-level nodel

sel f consists of one columm of time points, |then
ge columms of voltage points in the standard typ, mr, and
r The four entries nust be placed on a singlg |ine

st be separated by at | east one white space. All |four
s are required. However, data is only required in the
typical colum. [If mininmmor nmaxi numdata is not availlabl e,

USe The Teserved word ~NA" Time val ues nust [ Ncrease as one
parses down the table. The waveformtable can contain of
maxi mum of 100 data points.

Each table nmust contain at |least two entries. Thus, numnerical
val ues are required for the first and |last entries of any
col um cont ai ni ng nunerical data.

The voltage entries in both the [Gid Pul se Tabl e] and [ PONER
Pul se Table] tables are directly neasured offsets. At each

i nstance, the [Gnd Pul se Table] voltage is ADDED to the [ G\D
Cl anp] table voltages to provide the shifted table voltages.
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At each instance, the [ POAER Pul se Table] voltage is
SUBTRACTED (because of polarity conventions) fromthe [ POAER
Cl anp] table voltages to provide the shifted table voltages.

Only one [G\D Pul se Table] and one [ POAER Pul se Table] are
al | owed per nodel.

The [ GND Pul se Tabl e] and [ POAER Pul se Table] interact with
[ Subnodel Spec] subparaneters V_trigger f and V_trigger_r.
Several nodes of operation exist based on whether a pul se
table and its corresponding trigger subparanmeter are given
These nodes are classified as triggered and static.

Triggered Mde:

For triggered node a pul se table nust ex
entire waveform i.e., the first entr
vol tage col umm nust be equal

s he

Al so, a correspondi ng [ Subnodel anet er

must exist. The triggered inte

The V_trigger_f subparanete Spec] is uded
to detect when thenfalling ) at the die pasdes

operation starts. i m 8 V_trjgger_r subparanetler is
used to detect when i avef orm at the die |passes
the trigger voltag
operation starts. g Tabl e] dependency is ghown

[ GND Pul se Tabl €]

O 0O0O

I
I
I
|
I
| 0 0
I
I
I
I

00000 000 -------- >

N

| _ [CGND Pul se Table] operation starts at this tine
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The V_trigger_r and [ POAER Pul se Table] operate in a sinmilar
the V_trigger_r voltage value is reached on the rising edge,
Pul se Tabl e] Normal Iy the offset voltage entries in the [ POAER

Pul se Tabl €]

Static

[GND Cl anp] table does exist,
when the [ POAER Pul se Tabl €]
[ POAER Cl anp] table does ex

Simlar

added nodel

is
ar

Mode:

ly,

-55-

started.
e negative.

is used directly.

keyword does
the added

not exi st,

nodel
keyword does not exist,

st,

[ GND

t he add

manner .

but the added nodel
a anp]

ed nodel

I
I
I
I
I
|
| When the [ GND Pul se Tabl e]
I
I
I
I
I
I
I

Thi s ngde provides additional fixed clanping to an 1/0 *
3-statg buffer when it is used as a driver.
I ........................................................
| Exanpl g of Dynanic_clanp Mddel with both dynam c GND
I
[ Subnodel|] Dynani c_Cl anp_1
Subnodel |t ype Dynani c_cl anp
I
[ Subnodel| Spec]
| Subpgr anet er typ
I
V_trigger|_f 1.4 Falling edge trig
V_trigger[_r 3.6 | Rising edge trigg
I
I typ
| [Voltade Range] 5/
| Note, tlhe actual voltage ra ¢e voltages are inherited fr
| the tog-level nodel
I
[ GND Pul de Tablq<:> | GND C anp of fset
| Ti e V( max)
I
0 0 0

le-9 0 0 0

2e-9 9 0.8 1.0

10e-9 O 0.8 1.0

1le-9 0 0
I
[ GND d anp] | Table to be offsg
I
| Voltade I (typ) I (min) I ( max)
I

-5.000 - 3.300e+01 - 3. 000e+01 - 3.500e+01

-4.000 -2.300e+01 -2.200e+01 -2.400e+01

-3.000 -1.300e+01 -1.200e+01 -1.400e+01

-2.000 - 3. 000e+00 -2.300e+00 - 3.700e+00

-1.900 -2.100e+00 -1.500e+00 -2.800e+00

-1.800 - 1. 300e+00 - 8.600e-01 -1.900e+00

-1.700 - 6.800e-01 -4.000e-01 -1.100e+00

-1.600 -2.800e-01 -1.800e-01 -5.100e-01

-1.500 -1.200e-01 - 9. 800e-02 -1.800e-01

-1.400 -7.500e-02 -7.100e-02 - 8.300e-02

-1.300 -5.750e-02 -5.700e-02 -5.900e-02

When

the [ POAER

is used directly.
but the
[ POAER Cl anp]

ger
er

om

tabl e
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-1. 200 -4.600e-02 -4.650e-02 -4.550e-02
-1.100 - 3. 550e-02 -3.700e-02 - 3.450e-02
-1. 000 -2.650e-02 -2.850e-02 -2.500e-02
-0.900 -1.850e-02 -2.100e-02 -1.650e-02
-0. 800 -1.200e-02 -1.400e-02 -9. 750e-03
-0.700 -6.700e-03 - 8.800e-03 -4.700e-03
-0. 600 - 3. 000e-03 -4.650e-03 -1.600e-03
-0. 500 - 9. 450e-04 -1.950e-03 - 3.650e-04
-0. 400 -5.700e-05 -2.700e-04 - 5. 550e- 06
-0. 300 -1.200e-06 -1.200e-05 -5.500e-08
-0. 200 - 3. 000e-08 -5. 000e- 07 0. 000e+00
-0. 100 0. 000e+00 0. 000e+00 0. 000e+00
0. 0do 0. 000e+00 0. 000e+00 0. 000e+00
5. 040 0. 000e+00 0. 000e+00 0. 000e+00

POVER Pyl se Tabl €] | P nphoffset)tabl e
Ti e V(typ) V(mn) V( max)
0 0 0 0

le-9 0 0 0
2e-9 -0.9 -1.0 8

10e-9 -0.9 -1.0 8

1le-9 0

POVER Cllanp] able to be of fset

Vol t age
-5.0d0 15150e+01
-4.040 8. 150e+00
- 3. 040 4. 700e+00
-2.000 1. 300e+00
-1.9d0 1. 000e+00
-1.800 7.250e-01
-1.7040 4.500e-01
-1.6040 2.200e-01
-1.500 : 6. 900e- 02
-1.400 1. 100e-02 1. 600e- 02
-1.3d0 6. 650e- 03 6. 100e- 03
-1. 200 4.750e-03 3. 650e-03
-1.1d0 3. 500e-03 2. 350e-03
-1.000 2. 450e- 03 1. 400e- 03
-0.900 1150e- 03 1. 600e- 03 7.100e- 04
-0. 8040 5. 500e- 04 9. 150e- 04 2.600e- 04
-0. 700 1. 200e-0%4 4 400e-04 5. 600€- 05
-0. 600 5. 400e- 05 1. 550e- 04 1. 200e- 05
-0. 500 1. 350e- 05 5. 400e- 05 1. 300e- 06
-0. 400 8. 650e- 07 7. 450e- 06 4.950e-08
-0. 300 6. 250e- 08 7.550e- 07 0. 000e+00
-0. 200 0. 000e+00 8. 400e-08 0. 000e+00
-0.100 0. 000e+00 0. 000e-08 0. 000e+00
0. 000 0. 000e+00 0. 000e+00 0. 000e+00
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Bus Hol d:

VWhen the Subnodel _type subparaneter under the [ Subnodel] keyword is set to
Bus_hol d, the added nodel describes the bus hold functionality. However
whi | e described in terms of bus hold functionality, active term nators

can al so be npdel ed

Exi sting keywords and subparaneters are used to describe bus hol d nodel s.
The [Pul lup] and [Pulldown] tables both are used to define an interna
buffer that is triggered switch to its opposite state. This switching
transition is specified by a [ Ranp] keyword or by the [Rising Waveforn] and
[Falling Waveform keywords. The usage rules for these keywords are the
same ag under the [Mddel] keyword. |In particular, at |east (either thg

[Pullud] or [Pulldown] keyword is required. Also, the [R is
requirgd, even if the [Rising Waveform and [Falling Waye exi st.
However|, the voltage ranges and reference voltages arent s he

top- | eMel nodel

For bug hol d subnodel s, the [Subnmpbdel Spec] keywo
V_trigder _f are required. The Of _delay subpara al, but| can
only bg used if the subnodel consists of a pu Wn st ructjure

only, gnd not both. Devices which have bo 8 down strudtures
controllled in this fashion can be nodel ed ‘ one for| each
hal f of|f the circuit.

The trgnsition is triggered by a ; h i g the [ Subnopdel $pec]
V_trigder_r and V_trigger_f subpara S :

If the|starting voltag (V) t'hen the bus hold nodel [is set
to the [l ow state causi’ng\addi ti ,b current.  If the starting

vol tagg i s above V_trigger y dvnhodel is set to the high stlate
for additional pulllug . nput passes though V_trigger|_f
during |a high-to- iti the die, the bus hold output switchles to
the | oy statex<j§§ i ihput passes though V_trigger r dyring
a |lowt the bus hold output switches to tlhe
hi gh st

If the
the tin
the tin

as—& pul lup structure only, V_trigger_r pro\ides

turned on and V_trigger_f or Of _delay prqvides
of f, whichever occurs first. Simlarly, ifl the

1 structure only, V_trigger_f provides the tinme |when

its pul S ed”on and V_trigger_r or Of_delay provides the tilne
i whi chever occurs first. The required V_trigger| _r

and V_t oftage entries can be set to values outside of the irput
signal |rafige if the pullup or pulldown structures are to be held on unti

the O f _defay turns them of .

The starting node for each of the subnodels which include the Of_del ay
subpar aneter of the [Subnodel Spec] keyword is the off state. Also, while
two subnodel s provide the desired operation, either of the subnodels may
exi st without the other to sinmulate turning on and off only a pullup or a
pul | down current.

No additional keywords are needed for this functionality.
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| Conplete Bus Hold Mddel Exanpl e:
I

[ Subnodel ] Bus_hol d_1
Subnodel _type Bus_hol d

Subnodel Spec]
| Subpar anet er typ mn max
I
V

't 1 .4 | Falling edge trigger
V_trigger_r 3. 6

1.2 1
2.6 4. | Rising edge trigger

Not e, tlhe actual voltage range and reference voltages are inherited from

[

typ mn MaX
the topg-I|evel nodel
[

I
I
| [Voltade Range] 5.0 4.5 5.5
I
|
I

Pul | down]

_5V -
-1V -
ov
1v
3V
5V
10v

I
[ Pul | up]

I
-5V
-1V
oV
v
3V -

.0/ 0. 50n 2.0/0.75n 2.0/ 0. 35n
.0/0.50n 2.0/0.75n 2.0/0. 35n

I
| Conplete Pullup Tinmed Latch Exanpl e:
I

[ Subnodel ] Ti med_pul I up_l atch
Subnodel _type Bus_hol d
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[ Subnodel

Spec]

| Subpar anet er

I
V_trigger

V_trigger
O f _del ay

Note th

_r

f

typ

-59-
mn
2.6 4,
1.2 1.
5n

Ri si ng edge trigger

Val ues coul d be set out
of range to disable the
trigger

Fal ling edge trigger
Delay to turn off the
pul lup table

r value, the

pul | doy

— ) ——— — . — . — —

[ Vol t ag
Note, t
the top
Pul | down

-5V -

-1V

ov

v

3V

5V

10v

I

| [Pullup

I

dv/ dt _r
dv/ dt _f
R | ocad =

at if the input signal goes above the V trigger

n structure will turn off even if the tinmer didn't expire\yet,
typ mn max

e Range] 5.0 4.5 5.5

he actual voltage range and reference voltag

-1 evel nodel

|

100uA - 80uA

- 30uA - 25uA

0 0

30uA 25uA

50uA 45uA

100uA 80UA

120uA 90uA

] table is om

irce functionality

ar heri ted om

2.0/0.75n
2.0/0.75n

max
2.0/0.35n
2.0/0.35n
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Section 7

PACKAGE MODELI NG

The [ Package Model] keyword is optional. |If nore than the default RLC

package nodel is desired, use the [Define Package Mddel] keywor

d.

Use thg [ Package Model] keyword within a [Conponent] to indilcat
nodel flor that conponent. The specification permts .i i
the fol|llowing additional |ist of package nodel keywords:
actual |package nodels can be in a separate <package file_na
can exi|st in the IBIS files between the [Define Package

[ End Pdckage Mbdel] keywords for each package node
refererice, these keywords are |isted below. Fu
Si mul atlors that do not support these keywords wi
bet weenl the [ Define Package Mbdel] and [ End/Packa

[ Defilne Package Model ]
[ Manyf act urer]

[ OEM
[ Desdri ption]

[ Numger OF Secti ons]
[ Numder OF Pins]
[ Pi n [Nunmber s]

[ Moddl Dat a]

[ Resi|stance Matri
[ ndyctance Matri
[ Capdci t ance tr

[ Model Data] is used

[ Bandwi dt h] Banded_matrix matrices only
[ Row]
[ End
[ End
(note 1 [ Defi ne Package Model] keyword is used
(note 2 O Sections] or the [Mddel Data]/[End Modg

pen the [ Define Package Model] keyword is us
Nunber OF Sections] keyword is not used.

(note 3) Requi

e

Not e that [Nunmber of Sections] and tHh
[ End Mbdel Data] keywords are nutually excl usivdg.

ed

ackage
tain

or

For

s used

Dat a]

When package nodel definitions occur within a .ibs file, their scope is

"local" -- they are known only within that .ibs file and no oth

er. In

addition, within that .ibs file, they override any globally defined package

model s that have the same nane.
USAGE RULES FOR THE . PKG FI LE
Package nodels are stored in a file whose nane | ooks |ike:

<fil enane>. pkg.
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The <fil ename> provi ded nust adhere to the General Syntax Rules. Use the
".pkg" extension to identify files containing package nmodels. The .pkg file
nmust contain all of the required elenents of a normal .ibs file, including
[IBIS Ver], [File Nane], [File Rev], and the [End] keywords. Optiona

el ements include the [Date], [Source], [Notes], [Disclainer], [Copyright],
and [ Comment Char] keywords.

Al'l of the elenents follow the sane rules as those for a nornal .ibs file.

Note that the [Conponent] and [ Model] keywords are not allowed in the .pkg
file. The .pkg file is for package nodels only.

Keyjword: [ Define Package Mbdel ]
Reqyi red: Yes
Descrigdgtion: Marks the beginning of a package nodel
Usage Rules: |If the .pkg file contains data for

characters in length

every package nodel nane def
keyword, there nmust be a matg
keywor d.

[ Defi ne Hackage Model ] QS-S
Keyjword: [ Manufacturer]

Requi red: Yes
Descrigdti on:

conponent (s) that use tlhis

name nust not exceed 4(
al l owed, e.g., Texas
manuf act urer nust use 3
.pkg files.

Ot her Notes: This keyword is useful if the semi conductor vendor sells a
single 1Cin packages fromdifferent manufacturers.

[ Manuf act

I

| e pue e —_— e g ————————————— e ———
I Key

| Requi

| Descrip "t he manufacturer of the package.

| Usage H ength of the manufacturer's nanme nust not exceed 4(

| aracters (blank characters are allowed). |In addition,| each
| manuf act urer nust use a consistent nanme in all .ibs and]|. pkg
| f1t1es.

I

I

| Keyword: [Description]

| Required: Yes

| Description: Provides a concise yet easily hunan-readabl e description of
| what ki nd of package the [Package Mddel] is representing.

| Usage Rul es: The description nust be |ess than 60 characters in | ength,
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must fit on a single line, and may contai n spaces.

Keyword: [ Nunmber OF Sections]
Required: No

Description: Defines the maxi mum nunber of sections that neke up a 'package
stub'. A package stub is defined as the connection between
the die pad and the correspondi ng package pin; it can include
(but is not limted to) the bondwire, the connection between
the bondwire and pin, and the pin itself. This keyword nust
be used if a nodeler wi shes to describe any packag as
other than a single, lunped L/R'C. The sectiwns of ckage
stub are assuned to connect to each other A j shi on

Usage Rules: The argunent is a positive integer greaté hi s
keyword, if used, nust appear in the i e the
[ Pin Nunbers] keyword. The maxi num nunbe
i ncludes sections between the For ters

&f Sections] 3

word: [ Number OF Pins]

ired: Yes

tion: Tells the parser

ul es: The field nust be a
Of Pins] keyword

hé set of nanes that are used for the
al so defines pin ordering. |f the [ Nun
keywotrd is present it also lists the elenents
of a pin's die to pin connection

Fork, Endfork

g the [Pin Numbers] keyword, the nanes of the pi
There nmust be as many nanes |listed as there are
(as 'given by the preceding [Nunber OF Pins] keyword). H
can not exceed 5 characters in length. The first

nanme given is the "l owest” pin, and the last pin given

ber Of
for

ns are
pi ns
in

pin

s the

nrgnest. I'T The [ Nunmoer U Secllons] Keyword s used

t hen

each pin name nust be followed by one or nore of the | ega

subpar aneter conbinations listed below. |If the [Nunber

of

Sections] keyword is not present then subparaneter usage is

NOT al | owed.
Subpar anet er s:

The Len, L, R, and C subparaneters specify the | ength,

i nduct ance, capacitance and resistance of each section of each

stub on a package.
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The Fork and Endfork subparaneters are used to denote branches
fromthe main package stub

Len The I ength of a package stub section. Lengths are
given in ternms of arbitrary '"units'

L The inductance of a package stub section, in terns of
"inductance/unit length'. For exanple, if the tota

i nduct ance of a section is 3.0nH and the |l ength of the
section is 2 '"units', the inductance would be listed
as L = 1.5nH (i.e. 3.0/ 2).

C The capacitance of a package stub section, in terns of
capaci tance per unit |ength.

R The DC (ohmic) resistance of a package stub_sect|i on
in terns of ohms per unit |ength.

For k Thi s subparaneter indicates that
following (up to the Endfork subpara jart of

Endf ork This subparaneter indicates e R i ranch
For every Fork subparanete S e a
correspondi ng Endfork s 3 .\ As/with thg Fork
subpar amet er, the Endfor 8 has no

argunent s
Speci fying a Len <or s allowed. |If

lues are the totdl for
that section. |If i's specified, then the

total L/R/C for a(section’i cul ated by multiplying tlhe
val ue of ,the Len byt he value of the L, R |or C
€ . , a non-zero length section is

for thWat section should be treatdgd as

5"t o Descri be Package Stub Secti or]s:

i6n begins with the Len subparaneter gnd

ash (/) character. The value of the Len, L
aneters and the subparaneter itself are
an equals sign (=); white space around the |equal s
onal. The Fork and Endfork subparaneters arle
pbet ween section descriptions (i.e. between the
ihg slash of one section and the 'Len' paraneter |that

A particular section description can dontain
i.e. the descriptionis given as 'Len =0 /").

Ledgal oSupbparaneter Conmbl natlrons Tor Section Descriptlons:

A) A single Len = 0 subparaneter, followed by a slash. This
is used to describe a section with no data.

B) Len, and one or nore of the L, R and C subparaneters. If
the Len subparaneter is given as zero, then the LIR' C
subparaneters represent lunped elenents. |If the Len

subparanmeter is non-zero, then the L/ R/ C subparaneters
represent distributed el enents.
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C) Single Fork or
stub is described as severa

Endf ork subparaneter.
secti ons,

Nor mal |y,
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a package
with the Fork and

EndFor k subparaneters surrounding a group of sections in the

m ddl e of the conpl ete package stub description.
is legal for the Fork/Endfork subparanmeters to appear
end of a section description.

at

However ,

it
t he

The package pin is connected to

the | ast section of a package stub description not surrounded

by a Fork/Endfork statenents. See the exanpl es bel ow.
Package Stub Boundari es:

A package stub description starts at the connection to t

A thred
i nduct 3

and ends at the point at which the package pi
the board or substrate the IC package is np

However, it is |lega
both the conponent and socket toget?t
conponent is intended to be used.

ond wire (IU
h DC resi st and

Len=1.0 L=2.0n C=1.5p /

section

and a fgin nodeled as a lunped K/ C

Pi n Nunmber s]
Al Len=0 |[L=1.2n/ Len=1.2 L=2.0n
I
| Pin A2 |bel ow has a se
I
A2 Len=0 |L=1. 2n/ Len=0
I
| A sectifon desqugg' and Endfork subparaneters. Note
| the indentatio f ndf or k subparaneters are for readabi
| are not| required
I
Al Len=0 ondwi r e
Len=1.2 L irst section

For k | \i'ndi cates the starting of a branch

Len=1.0 { | section

Endf or k | ending of the branch
Len=0.5 L | second section
Len=0.0 L | pin
I
| Here isam exanple wWhere the For K/ EndforKk subpar aneters are at the en
| package stub description
I
B13 Len=0 L=2.3n / | bondwire
Len=1.2 L=1.0n C=2.5p / | first section
Len=0.5 L=1.0 C=2.5/ | second section, pin connects here
For k | indicates the starting of a branch

|
I

Endf or k

endi ng of the branch

he die

p/

t hat
ity

of
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Keyword: [ Mbdel Dat a]
Required: Yes

that can include the [Resistance Matrix], [lInductance Ma
[ Capaci tance Matrix], [Bandw dth], and [Row] keywords.

|
| Description: I ndi cates the beginning of the formatted package nodel d
I
I

at a,
trix],

| = ot e il
[ Model Dat a]

| ________
[End Mode
|
| —======9

Keyword: [End Mbdel Dat a]
Required: Yes
Description: Indicates the end of the fornatted nodel data.
Ot her Notes: In between the [Mdel Data] and [ End Mbdel Keywor g
the package nodel data itself. The data is of 3

begi nni ng of each new matri x.

| Dat a]

jords: [ Resistance Matrix],

matrices: the resistance (R), inductance tance
(C) mmtrices. Each matrix can be formatted\d { see
bel ow). Use one of the matrix keywords e

apaci tance Natri x]

I

| Reqyi red: [Resistance Matrix not present, [its

| entries are assuned ance Matrix] and

| [ Capaci tance Matri

| Sub-Pgrans: Banded_matri x,

| Descrigtion: and specify
I

| Usage Rul es: g k se 0 Iy one of the subparanetdrs.

| meters, insert the matrix datla in
| ese formats are described i

I

| O her N and capacitance matrices arg al so
| within this specification.

I

| ¢ entries of the RLC matrices, either Jith

| phrent or field-solver software, currents |are

| ERI NG t he pins of the package fromthe bogrd

| yat ax Rul e #11). The correspondi ng vol t age drlops

| ahelto oe neasured with the current pointing "in" to thg "+"

| of the "-" sign.

I

| 11 +----- + |2

N N > | | <-----

| poard o-------- PR [--------- 0 pboard

| + V1 - | | - V2 +

| +- - - - - +

I

| It is inmportant to observe this convention in order to get the
| correct signs for the nutual inductances and resistances.

| = m o m e e il
[ Resi stance Matri x] Banded_matri x

[ nductance Matri x] Sparse_matri x

[ Capaci tance Matri x] Ful |l _matrix
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RLC MATRI X NOTES

For each [Resistance Matrix], [Inductance Matrix], or [Capacitance Mtri x]
a different format can be used for the data. The choice of formats is
provided to satisfy different sinulation accuracy and speed requirenents.
Al so, there are many packages in which the resistance natri x can have no
coupling terns at all. 1In this case, the npbst concise formt
(Banded_nmmtri x) can be used.

There are two different ways to extract the coefficients that are reported
in the capacitance and inductance natrices. For the purposes of this
speci filcation, the coefficients reported in the capacitance /matrices, ghal
be the |' el ectrostatic induction coefficients' or 'Maxwell' i es'
The Maxwel | capacitance Kij is defined as the charge i ndu tor

j" whgn conductor "i" is held at 1 volt and all hel d

at zerd volts. Note that Kij ( when i /=j) will ) and
shoul d |be entered as such. Likew se, for the inductance

coeffidients for Lij are defined as the voltage i "t
when cdnductor "i"'s current is changed by lanp uctors

have nd current change.

One connon aspect of all the different fo
symetrly of the matrices they de the entries Rel ow
the mai|n di agonal of the matri >0r respondi ng ent|ri es
above tlhe main diagonal. Theref 3 -hal f of the matr|i x
needs tlo be described. By convepti | and the UPPER hal f
of the |matri x are provided.

exploit the

In the [fol |l owi ng text
row | gnd colum J of
al phanymeric string

defined in the [Pin
the rov correi

Al so na@
floatin
not atid
1.23p ¢

J] to refer to the entrly in
I and J are allowed to bsg
An ordering of these strings is
In the follow ng text, "Row 1" [nmeans

of the RLC matrices are standard IBI S
, it is permssible to use netric "suf|fix"
e Cmtrix could be given as 1.23e-12 qr as

Ful | _ e

When th matrix format is used, the couplings between every pair |of
el enent ified explicitly. Assume that the matrix has N rows gnd N
columg.n{The Full _matrix is specified one rowat a tine, starting witfh
Row 1 and continuling down {0 ROW N

Each new row is identified with the Row keyword.

Keyword: [ Row]
Required: Yes
Description: Indicates the beginning of a new row of the matri x.
Usage Rul es: The argunent nust be one of the pin nanes |isted under the
[ Pin Nunbers] keyword
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Foll owing a [Row] keyword is a block of nunbers that represent the entries
for that row. Suppose that the current row is nunber M Then the first
nunber listed is the diagonal entry, [MM. Follow ng this nunber are the
entries of the upper half of the matrix that belong to row M [M M+1],

[M M2], ... upto [MN].

For even a nodest-sized package, this data will not all fit on one I|ine.
You can break the data up with new1line characters so that the 80 character
line length limt is observed.

An exanpl e: suppose the package has 40 pins and that we a
wor ki ng on Row 19. There is 1 diagonal entry, plus 40 -
the upger half of the matrix to be specified, for
data ni|ght be formatted as foll ows:

[Row] 1o
5.67e-9 |1.1e-9 0.8e-9 0.6e-9 0.4e-9 0.2e-9
8e- 10 7e-10 6e-10 5e-10 4e-10  3e-10
9e-11 8e-11 7e-11 6e-11 5e-11  4e-

In the [above exanple, the entry 5 67e- of row 19

Observg that Row 1 al ways has the . i hat each successi|ve row
has ongd fewer entry than the | ast; 3 ays has just a single
entry.

Banded [matri x:

A Bandgd_matrix is [One i\es ~are guaranteed to be zero if they are

an a certain distance, known as |t he

farther| away fraom tlhe
"bandwi|dt h. " X M and let the bandwi dth be B.
An entrly [1,J] 0 :

ed to specify the coupling effects up to B ping on
j/ations are supported. One allows for the couplilng to
circle If. This is technically a sinple formof a bordergd
bl ock di agonal matfix. However, its data can be conpletely specified]|in
ternms df\'@/Banded_matrix for an N x Mmatrix consisting of Nrows and
M= N + B coruams. The second varfation {3 JUSt fn terns of an N X N matrix
where no circle back coupling needs to be specified.

ei t her

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| The bandwi dth for a Banded_matrix nust be specified using the [Bandw dt h]

| keyword:

I

| s ————————————————
| Keyword: [ Bandwi dt h]

| Required: Yes (for Banded _matrix matrices only)

| Description: Indicates the bandwi dth of the matrix.

| Usage Rules: The bandwidth field nust be a non-negative integer. This

| keyword rnust occur after the [Resistance Matrix], etc.
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| keywords, and before the matrix data is given

I

| e ———————————————————————————————————————————————————————————————————————————————
Specify the banded matrix one row at a tine, starting with row 1 and worki ng
up to higher rows. Mark each row with the [ Row] keyword, as above. As
before, symmetry is exploited: do not provide entries below the main

di agonal

For the case where coupling can circle back on itself, consider a matrix of
N pins organized into Nrows 1 ... Nand Mcolums 1 ... N, 1 ... B. The

first rlow only needs to specify the entries [1,1] through [ e al

other gntries are guaranteed to be zero. The second row
specify the entries [2,2] through [2,2+B], and so on.
entrieq [ K, K] through [K K+B] are given when K + B is IeS* al to
the siZe of the matrix N. Wen K + B exceeds N, the i
columg 1 ... B specify the coupling to the first
entrieg [K,K] ... [KKN [K 1] ... [K R are giver
mod(K 4 B- 1, N) + 1. Al rows will contain B
redundgnt entries, the bandwidth is limted

e

For thg case where coupling does not circle ba i , the procegs is
nodifigd. Only N colums need t e + B finally gxceeds
the sizZe of the matrix N, the n h row starts to
decreade; the last row (row N) ha s construction
constrgins the bandwidth to B < N

As in tlhe Full _matrix,
into a|single 80-charg

g particular row do not [fit
can be broken across sevdra

l'i nes.

It is dossible to u 0 to specify a diagonal matrix (3
matrix wWith n is sonetines useful for resistarjce
matriceg

Spar se |

A Spars to consist nostly of zero-valued entries, |except
for af e the Banded matrix, there is no restriction on
wher e tf ies can occur. This feature is useful in certailn
situati Pin Gid Arrays (PGAs).

As usug can be exploited to reduce the anmobunt of data by

elimngtifg fromthe matrix any entries below the main di agonal

An N x N Sparse_matrix is specified one row at a tinme, starting with row 1
and continuing down to row N. Each new row is marked with the [ Row]
keyword, as in the other matrix formats.

Data for the entries of a rowis givenin a slightly different format,
however. For the entry [I, J] of arow, it is necessary to explicitly |ist
the nane of pin J before the value of the entry is given. This
specification serves to indicate to the parser where the entry is put into
the matri x.

The proper location is not otherw se obvi ous because of the | ack of
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