|*****************************************************************************

|*****************************************************************************

| * UNAPPROVED | NTERI M DOCUMENT ver4_0Owi p.i bs based on ver4_Of.ibs

Changes and additions are indicated by |* Iine

is not part of the docunent.
* 1/ 16/ 02

|*****************************************************************************

|

| *

|*

| * Approved BIRD62.6 Added. May 17, 2000

| * Al'so, the Version nunbers changed to Version 4.0, and the date noved

| * arbitrarily to Decenmber 15, 2000. Sone additions referencing Version 4.0
| * noted by |* lines to update general description information. All exanples
| * changed to December 15, 2000.

| * 5/17/00

|~k

| * Approved BI RD64. 4, BIRD66, BIRD67.1 Added. Decenber 10, 2000

| * Date adjusted arbitrarily to May 1, 2001 for docunment and exanpl es.

| * 12/10/00

|~k

| * Approved BI RD65.2 and BI RD68. 1 Added.

| * 2/20/01

|*

| * Approved BIRD70.5 and BIRD71 Added. Date adjusted arbitrarily to

| * Decenber 1, 2001.

| * 8/10/01

|*

| * Approved BI RD72. 3 Added.

| * 10/ 26/ 01

|*

| * Approved BIRD73.4 Added January 16, 2002. Date arbitrarily adjusted to
| * June 1, 2002

| * 1/16/ 02

|~k

|*

| * This docunent bel ow has the changes folded in for review. This section
|~k

I

|*****************************************************************************

I /O Buffer Information Specification (IBI'S) Version 4.0 (June 1, 2002)

IBIS is a standard for el ectronic behavioral specifications of integrated
circuit input/output analog characteristics.
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Section 1

GENERAL I NTRODUCTI ON

This section gives a general overview of the renai nder of this document.

Sections 2 and 3 contain general information about the IBIS versions and
the general rules and guidelines. Several progressions of |IBIS docunents
are referenced in Section 2 and in the discussion below. They are IBIS
Version 1.1 (ratified August, 1993), IBIS Version 2.1 (ratified as
ANSI / El A-656 in Decenber, 1995), IBIS Version 3.2 (ratified as

ANSI / EI A-656-A in October, 1999) and this docunent, IBIS Version 4.0
(ratified in June 2002).

The functionality of IBIS follows in Sections 4 through 8. Sections 4

t hrough 6 describe the format of the core functionality of IBIS Version 1.1
and the extensions in later versions. The data in these sections are
contained in .ibs files. Section 7 describes the package nmodel fornmat of
IBI'S Version 2.1 and a subsequent extension. Package nodels can be
formatted within .ibs files or can be formatted (along with the Section 4
file header keywords) as .pkg files. Section 8 contains the Electrica
Board Description format of IBIS Version 3.2. Along with Section 4 header
information, electrical board descriptions nust be described in separate
.ebd files.

Section 9 contains sonme notes regarding the extraction conditions and data
requirenents for IBIS files. This section focuses on inplenentation

condi tions based on neasurenent or simulation for gathering the IBI'S
conpliant data.
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Section 2

STATEMENT OF I NTENT

In order to enable an industry standard nethod to electronically transport

I Bl S Mbdel i ng Data between sem conductor vendors, sinmulation vendors, and
end custoners, this tenplate is proposed. The intention of this tenplate is
to specify a consistent format that can be parsed by software, allow ng
simul ati on vendors to derive nodels conpatible with their own products.

One goal of this tenplate is to represent the current state of |IBIS data,
while allowing a growmh path to nore conpl ex nodels / nethods (when deened
appropriate). This would be acconplished by a revision of the base

tenpl ate, and possibly the addition of new keywords or categories.

Anot her goal of this tenplate is to ensure that it is sinple enough for
sem conduct or vendors and custoners to use and nodi fy, while ensuring that
it is rigid enough for sinulation vendors to wite reliable parsers.

Finally, this tenplate is nmeant to contain a conplete description of the I1/0
el enents on an entire conponent. Consequently, several nmodels will need to
be defined in each file, as well as a table that equates the appropriate
buffer to the correct pin and signal nane.

Version 4.0 of this electronic tenplate was finalized by an industry-w de
group of experts representing various conpanies and interests. Regular
"EIA IBI'S Open Forum neetings were held to acconplish this task.

Commitnment to Backward Conpatibility. Version 1.0 is the first valid IBI'S
ASCII file format. It represents the m ni num amount of 1/0 buffer
information required to create an accurate |IBIS nodel of conmon CMOS and

bi polar 1/0O structures. Future revisions of the ASCI| file will add itens
consi dered to be "enhancenents” to Version 1.0 to all ow accurate nodeling

of new, or other /O buffer structures. Consequently, all future revisions
wi |l be considered supersets of Version 1.0, allow ng backward
conpatibility. In addition, as nodeling platforns devel op support for
revisions of the IBIS ASCI| tenplate, all previous revisions of the tenplate
nmust al so be support ed.

Version 1.1 update. The file "verl_1.ibs" is conceptually the sanme as the
1.0 version of the IBIS ASCII format (verl 0.ibs). However, various
comments have been added for further clarification

Version 2.0 update. The file "ver2_0.ibs" nmmintains backward conpatibility
with Versions 1.0 and 1.1. All new keywords and el enents added in Version
2.0 are optional. A conplete Iist of changes to the specification is in the
IBI'S Version 2.0 Rel ease Notes docunent ("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 number of new keywords
and functionality. A conplete Iist of functions can be found on eda.org
under /pub/ibis/birds/birddir.txt showi ng the approved Buffer |ssue
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 enhancenents 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 nunmber of editorial changes docunmented in 12 BIRDs and also in
responses to public letter ballot comments.

Version 4.0 update. This file "ver4_0.ibs" adds nore technical advances
and a few editorial changes docunented in 10 Bl RDS
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Section 3

GENERAL SYNTAX RULES AND GUI DELI NES

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

1) The content of the files is case sensitive, except for reserved
wor ds and keywords.

2) The followi ng words are reserved words and nust not be used for
any ot her purposes in the docunent:
POAER - reserved nodel nanme, used with power supply pins,

GND - reserved nodel nane, used with ground pins,
NC - reserved nodel nanme, used wi th no-connect pins,
NA - used where data not avail abl e.

3) To facilitate portability between operating systens, file nanes used in
the IBIS file nust only have | ower case characters. File nanes should
have a basenane of no nore than twenty characters followed by a period
(*.") , followed by a file nanme extension of no nore than three
characters. The file nanme and extension nust use characters fromthe
set (space, ' ', 0x20 is not included):

z

Xy
o -

b k mn o S
1 ~ 1 -

a def ghi j I p r t uv w
0 3456789 _ " #%&- {1} ) (

N O
X O

The file name and extension are recommended to be | ower case on
systens that support such nanes.

4) A line of the file may have at nost 80 characters, followed by a |ine
term nati on sequence. The line term nation sequence nmust be one of the
foll owing two sequences: a linefeed character, or a carriage return
foll owed by |inefeed character

5) Anything followi ng the corment character is ignored and considered a
comment on that line. The default "|" (pipe) character can be changed
by the keyword [ Corment Char] to any other character. The [Comrent Char]
keyword can be used throughout the file as desired.

6) Keywords must be enclosed in square brackets, [], and nmust start in
colum 1 of the line. No space or tab is allowed inmmediately after the
openi ng bracket '[' or imrediately 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.

8) Valid scaling factors are:
T =tera k = kilo n = nano
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G = giga m=mlli p = pico

M = mega u=mcro f =femo
When no scaling factors are specified, the appropriate base units are
assuned. (These are volts, anperes, ohms, farads, henries, and
seconds.) The parser |ooks at only one al phabetic character after a
nunerical entry, therefore it is enough to use only the prefixes to
scal e the paraneters. However, for clarity, it is allowed to use ful
abbreviations for the units, (e.g., pF, nH, mA nGhn). [In addition,
scientific notation IS allowed (e.g., 1.2345e-12).

9) The |-V data tables should use enough data points around sharply curved
areas of the |-V curves to describe the curvature accurately. In |inear
regions there is no need to define unnecessary data points.

10) The use of tab characters is |legal, but they should be avoided as much
as possible. This is to elimnate possible conplications that m ght
arise in situations when tab characters are autonmmtically converted to
nmul tiple spaces by text editing, file transferring and simlar software.
In cases like that, lines m ght beconme | onger than 80 characters, which
isillegal in IBIS files.

11) Currents are considered positive when their direction is into the
conponent .

12) Al tenperatures are represented in degrees Cel sius.

13) Inportant supplenental information is contained in the |ast section,
"NOTES ON DATA DERI VATI ON METHOD', concerning how data val ues are
derived.

14) Only ASCII characters, as defined in ANSI Standard X3.4-1986, may be
used in an IBIS file. The use of characters with codes greater than
hexadeci mal O7E is not allowed. Also, ASCI| control characters
(those nunerically | ess than hexadeci mal 20) are not allowed, except
for tabs or in a line term nation sequence. As nentioned in item 10
above, the use of tab characters is discouraged.
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Section 4

HEADER I NFORMATI ON

Keywor d:
Requi r ed:
Descri pti on:

[1BI'S Ver]

Yes

Specifies the IBIS tenplate version.
el ectronic parsers of the kinds of data types that

|

|

| This keyword informns
|

| present in the file.

|

|

|

are

Usage Rules: [IBIS Ver] nmust be the first
normal ly on the first

keyword in any IBIS file. It is
line of the file, but can be preceded

by comrent |ines that nust begin with a "|".
| _____________________________________________________________________________
[IBI'S Ver] 4.0 | Used for tenplate variations
I
| s —————————————————————————————————————————————————————————————————————
Keyword: [ Comrent Char]
Required: No
Description: Defines a new coment character to replace the default

"I (pipe) character, if desired.

The new comment character to be defined nust be foll owed by
the underscore character and the letters "char". For exanple:
| _char" redundantly redefines the coment character to be

|

|

|

| Usage Rul es:

|

| _ act ¢
| the pi pe character. The new comrent character is in effect
|

|

|

|

|

|

|

only follow ng the [ Corment Char] keyword. The follow ng
characters MAY be used:

" #$%& ()*, :; <>?2@\ "~ {] 1}~

O her Notes: The [Comment Char] keyword can be used throughout the file, as
desired.
| _____________________________________________________________________________
[ Commrent Char] | _char
I
| s —————————————————————
| Keyword: [File Nane]
| Required: Yes
| Description: Specifies the nanme of the IBIS file.
| Usage Rules: The file nane nust conformto the rules in paragraph 3 of
| Section 3, "GENERAL SYNTAX RULES AND CGUI DELI NES". In
| addition, the file name nust use the extension ".ibs", ".pkg",
| or ".ebd". The file name nust be the actual nanme of the file.
| _____________________________________________________________________________
[ Fil e Name] ver3_2.ibs
|
| - - . ... ... . . . . . . T, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . —————_——=—CT—
Keyword: [File Rev]
Required: Yes
Description: Tracks the revision |evel of a particular .ibs file.

|
|
|
| Usage Rul es:
|
|

Revision level is set at the discretion of the engi neer
defining the file. The follow ng guidelines are reconmended:
0. x silicon and file in devel opnent
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| 1.x pre-silicon file data fromsilicon nodel only
| 2. % file correlated to actual silicon nmeasurenments
| 3. x mat ure product, no nore changes likely

[File Rev] 1.0 | Used for .ibs file variations

| Keywords: [Date], [Source], [Notes], [Disclainer], [Copyright]

| Required: No

| Description: Optionally clarifies the file.

| Usage Rules: The keyword argunents can contai n bl anks, and be of any

| format. The [Date] keyword argument is limted to a maxi mum
| of 40 characters, and the nonth should be spelled out for

| clarity.

I

| Because IBIS nodel witers may consider the information in

| these keywords essential to users, and sonetines legally

| requi red, design autonmation tools should nmake this information
| avail able. Derivative nodels should include this text

| verbatim Any text followi ng the [Copyright] keyword nmust be
| i ncluded in any derivative nmodels verbatim

[ Dat e] June 1, 2002 | The latest file revision date

I

[ Sour ce] Put originator and the source of information here. For
exanpl e:

Fromsilicon | evel SPICE nodel at Intel
From | ab neasurement at |El
Conpil ed from manufacturer's data book at Quad Design, etc.

[ Not es] Use this section for any special notes related to the file

I

[ Di scl ai mer] This information is for nodeling purposes only, and is not
guar ant eed. | May vary by conponent

I

[ Copyri ght] Copyright 1999, XYZ Corp., Al Rights Reserved
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Keywor d:
Requi r ed:
Descri pti on:

Sub- Par ans:
Usage Rul es:

[ Conponent ]

|

Si _location

Ti m ng_l ocation

| Keywor d:
| Requi r ed:
| Description:
| Usage Rul es:
|
I

Keywor d:
Requi r ed:
Descri ption:

Sub- Par ans:
Usage Rul es:

Ot her Not es:

Section 5

COMPONENT DESCRI PTI ON

[ Conponent ]

Yes

Mar ks the beginning of the IBIS description of the integrated
circuit nanmed after the keyword

Si_location, Timng |ocation

If the .ibs file contains data for nore than one conponent,
each section nust begin with a new [ Conponent] keyword. The
| ength of the conponent name mnmust not exceed 40 characters,
and bl ank characters are all owed.

NOTE: Bl ank characters are not recommended due to usability
i ssues.

Si_location and Tim ng_l ocation are optional and specify where
the Signal Integrity and Tim ng neasurenents are nmade for the
conponent. Allowed val ues for either subparaneter are 'Die'

or 'Pin'. The default location is at the 'Pin'.

7403398 MCA452

Pi n | Optional subparanmeters to give measurenent
Die | location positions

[ Manuf act urer]

Yes

Speci fies the manufacturer's name of the conponent.

The I ength of the manufacturer's nane nmust not exceed 40
characters (blank characters are allowed, e.g., Texas

Instrunents). |In addition, each manufacturer nust use a
consistent name in all .ibs files.

I ntel Corp.

[ Package]

Yes

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) colum nust be specified. |If data for the
ot her colums are not available, they nmust be noted with "NA"
If RLC paranmeters 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 Mddel] keyword for nore
conpl ex package descriptions. |If defined, the [Package Mbdel]
data overrides the values in the [Package] keyword.

page 10



| 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. OnH 18. OnH

C _pkg 18. OpF 15. OpF 20. OpF

Keyword: [ Pin]
Required: Yes
Description: Associates the conponent's I/O nodels to its various externa
pi n names and si gnal nanes.
Sub- Parans: signal _nane, nodel _nanme, R pin, L_pin, C pin
Usage Rules: All pins on a conponent nust be specified. The first colum
must contain the pin nane. The second colum, signal _nane,
gi ves the data book nane for the signal on that pin. The
third colum, nodel _name, maps a pin to a specific I/0O buffer
nodel or nodel selector nanme. Each npodel nanme nust have a
correspondi ng nodel or nodel selector nanme listed in a [ Mbdel]
or [Model Selector] keyword below, unless it is a reserved
nodel name (POVER, GND, or NC)

I

I

I

I

I

I

I

I

I

I

I

I

I

I

| Each line nmust contain either three or six colums. A pin
| line with three colums only associates the pin's signal and
| nmodel . Six columms can be used to override the default

| package val ues (specified under [Package]) FOR THAT PI N ONLY.
| VWhen using six columms, the headers R pin, L_pin, and C_pin
| must be listed. [If "NA" is in colums 4 through 6, the

| default packagi ng val ues nmust be used. The headers R _pin,

| L_pin, and C pin may be listed in any order

I

I

I

I

I

I

I

I

Colum length limts are:
[ Pin] 5 characters max
nodel _nane 20 characters max
signal _name 20 characters max

R pin 9 characters max
L_pin 9 characters max
C pin 9 characters max
| = o m e i
[ Pin] si gnal _nane nodel _nanme R pin L _pin C pin
|
1 RASO# Buf ferl 200.0m 5.0nH 2.0pF
2 RAS1# Buf f er2 209.0m NA 2. 5pF
3 EN1# I nput 1 NA 6.3nH NA
4 A0 3-state
5 DO /01
6 RD# | nput 2 310.0m 3.0nH 2. OpF
7 WRH | nput 2
8 Al /o2
9 D1 I/ 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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[ Package Mbdel ]

19 NC
20 Vcce5
Keywor d:
Requi r ed:
Description:

Usage Rul es:

O her Not es:

Keywor d:
Requi r ed:
Descri ption:
Sub- Par amns:
Usage Rul es:

[ Package Mbdel ]

No

I ndi cates the name of the package nmodel to be used for the
conponent

The package nodel name is limted to 40 characters. Spaces
are allowed in the name. The nanme shoul d include the conpany
name or initials to hel p ensure uni queness. The sinul ator
will search for a matching package nodel name as an argunent
to a [Define Package Mddel] keyword in the current IBIS file
first. If a match is not found, the sinmulator will next | ook
for a match in an external .pkg file. |If the matching package
nodel is in an external .pkg file, it nust be located in the
same directory as the .ibs file. The file nanes of .pkg files
must follow the rules for file names given in section 3,
General Syntax Rul es and Cuidelines.

Use the [Package Mbdel] keyword within a [Conponent] to

i ndi cate whi ch package nodel should be used for that
conponent. The specification permits .ibs files to contain

[ Define Package Model] keywords as well. These are descri bed
in the "Package Modeling" section near the end of this

speci fication. Wen package nodel definitions occur within a
.ibs file, their scope is "local"--they are known only within
that .ibs file and no other. |In addition, within that .ibs
file, they override any globally defined package nodel s that
have the sane nane.

[Alternate Package Model s] [End Alternate Package Model s]

No.

Used to select a package nodel froma list of package nodels.
None.

The [Alternate Package Model s] keyword can be used in addition
to the [Package Model] keyword. [Alternate Package Mdel s]
shall be used only for conponents that use the [Package Mdel ]
keywor d.

Each [Al ternate Package Mddel s] keyword specifies a set of

al ternat e package nodel nanes for only one conponent, which
is given by the previous [Conponent] keyword. The [Alternate
Package Model s] keyword shall not appear before the first

[ Component] keyword in an IBIS file. The [Alternate Package
Model s] keyword, when used, is in the same [ Conponent]
section, and nust be followed by an [End Alternate Package
Model s] keyword.

Al'l alternate package nodel nanmes nust appear bel ow the
[Alternate Package Moddel s] keyword, and above the foll ow ng
[End Alternate Package Model s] keyword. The package nodel
nanes |isted under the [Alternate Package Mddel s] nust foll ow
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the rules of the package nodel nanes associated with the

[ Package Mbdel] keyword. The package nodel nanmes correspond
to the names of package nodel s defined by [Define Package
Model ] keywords. Sinulation tools may offer users a facility
for choosi ng between the default package nodel and any of the
al ternat e package nodel s, when anal yzi ng occurances of the

[ Corponent] .

The package nodel naned by [Package Model] can be optionally
repeated in the [Alternate Package Mddel s] list of nanes.

[Alternate Package Mdel s]

208-pi n_pl asti c_PQFP_package-even_node | \Wat nore can be said here?

208-pi n_pl asti c_PQFP_package-odd_nmode | It's all in the nane.
208- pi n_ceram ¢c_PQFP_package-even_node | Mre comments and descriptions here.
208- pi n_ceram c_PQFP_package-odd_nmode | And sone nore here too.

[End Alternate Package Model s]

Keywor d:
Requi r ed:
Description:

Sub- Par amns:
Usage Rul es:

[ Pin Mappi ng]

No

Used to indicate which power and ground buses a given driver,
receiver, or termnator is connected to.

pul | down_ref, pullup_ref, gnd_clanp_ref, power_clanp_ref

Each power and ground bus is given a unique nanme that mnust

not exceed 15 characters. The first columm contains a pin
nane. [Each pin nane nust match one of the pin nanes decl ared
previously in the [Pin] section of the IBIS file. The second
col um, pulldown_ref, designates the ground bus connections
for that pin. Here the termground bus can al so nmean anot her
power bus. The third colum pullup_ref designates the power
bus connection. The fourth and fifth col unmms gnd_cl anp_r ef
and power _clanmp_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 nmust contain either three or five colums. Use the
NC reserved word for entries that are not needed or that
follow the conditions bel ow

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

If a pin has no connection, then both the pulldown_ref and
pul lup_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 mplied association to any columm other than through explicit
designations in other pins.
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For any other type of pin, the pulldown_ref colum contains

t he power connection for the [Pulldown] table for non-ECL type
[ Model]s. This is also the power connection for the [ GND

Cl anp] table and the [Rgnd] nodel unless overridden by a
specification in the gnd_clanmp_ref col um.

Al so, the pullup_ref columm contains the power connection for
the [Pullup] table and, for ECL type nodels, the [Pulldown]
table. This is also the power connection for the [ POAER

Cl anp] table and the [Rpower] nodel unless overridden by a
specification in the power_clamp_ref col um.

The colum length Iimts are:

[ Pin Mappi ng] 5 characters max
pul | down_r ef 15 characters max
pul I up_ref 15 characters max
gnd_cl anp_r ef 15 characters max

power _cl anp_ref 15 characters max

When 5 colums are specified, the headings gnd_cl anp_ref and
power cl anp_ref nust be used. O herw se, these headi ngs can
be omitted.

[

|

1
2
3
4
5
6

Pi n Mappi ng]

pul | down_r ef pul | up_ref gnd_clanp_ref power_cl anp_ref

GNDBUS1 PVWRBUS1 | Signal pins and their associated

GNDBUS2 PVWRBUS2 | ground and power connections

GN\DBUS1 PVWRBUS1 GNDCLMP PWRCLAMP

GN\DBUS2 PWRBUS?2 GNDCLMP PWRCLAMP

GNDBUS2 PWRBUS2 NC PWRCLAMP

GNDBUS2 PWRBUS2 GNDCLMP NC
| Sonme possibl e clanping connections
| are shown above for illustration
| purposes

GNDBUS1 NC | One set of ground connections.

GNDBUS1 NC | NC indicates no connection to

GNDBUS1 NC | power bus.

GNDBUS2 NC | Second set of ground connections

GNDBUS2 NC

GNDBUS2 NC

NC PVWRBUS1 | One set of power connections.

NC PWRBUS1 | NC indicates no connection to

NC PVWRBUS1 | ground bus.

NC PVWRBUS2 | Second set of power connections

NC PWRBUS2

NC PWRBUS2

GNDCLMP NC | Additional power connections

NC PWRCLMP | for clanps

| e ——————————————————————————————————————————————————————————————————————
[Diff Pin]
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Requi r ed:
Descri pti on:

Sub- Par ans:
Usage Rul es:

No

Associates differential pins, their differential threshold
vol tages, and differential tim ng del ays.

inv_pin, vdiff, tdelay_typ, tdelay_mn, tdelay_max

Enter only differential pin pairs. The first colum, [Diff
Pin], contains a non-inverting pin nane. The second col umm,
inv_pin, contains the corresponding inverting pin name for

I /O output. Each pin nanme nust match the pin nanes decl ared
previously in the [Pin] section of the IBIS file. The third
colum, vdiff, contains the specified output and differentia
threshol d vol tage between pins if the pins are Input or 1/0O
nodel types. For output only differential pins, the vdiff
entry is 0 V. The fourth, fifth, and sixth col ums,
tdelay_typ, tdelay_min, and tdelay_max, contain |launch del ays
of the non-inverting pins relative to the inverting pins. The
val ues can be of either polarity.

If a pinis adifferential input pin, the differential input
threshold (vdiff) overrides and supersedes the need for Vinh
and Vinl.

If vdiff is not defined for a pin that is defined as requiring
a Vinh by its [Moddel] type, vdiff is set to the default val ue
of 200 nW.

The output pin polarity specification in the table overrides
the [ Model] Polarity specification such that the pin in the
[Diff Pin] colum is Non-Inverting and the pin in the inv_pin
colum is Inverting. This convention enables one [Mdel] to
be used for both pins.

Colum length limts are:
[Diff Pin] 5 characters nmax
inv_pin 5 characters max
vdi f f 9 characters max
tdelay_typ 9 characters max
tdelay_min 9 characters max
t del ay_max 9 characters max

Each line nust contain either four or six colums. [If "NA" is
entered in the vdiff, tdelay_typ, or tdelay_nmin 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
val ue. When using six columms, the headers tdelay_m n and
tdelay_max nmust be listed. Entries for the tdelay_min colum
are based on nini mum magni t udes; and tdel ay_nmax col um,

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

| _____________________________________________________________________________
inv_pin vdiff tdelay typ tdelay _mn tdelay_max

Ot her Not es:
[Diff Pin]
I

3 4
7 8
9 10
16 15
20 19
22 21

150mv -1ns Ons -2ns | Input or 1/O pair
ov 1ns NA NA | Qutput* pin pair
NA NA NA NA | Qutput* pin pair
200nV 1ns | I'nput or 1/O pin pair
ov NA | Qutput* pin pair, tdelay =0
NA NA | Qutput*, tdelay = 0
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| * Could be Input or 1/Owth vdiff =20
I
| s —————————————————————————————————————————————————————————————————————
Keyword: [Series Pin Mapping]
Required: No
Description: Used to associate two pins joined by a series nodel.
Sub- Paranms: pin_2, nodel _nane, function_table_group
Usage Rules: Enter only series pin pairs. The first colum, [Series Pin
Mappi ng], contains the series pin for which input inpedances
are nmeasured. The second columm, pin_2, contains the other
connection of the series nodel. Each pin nust match the pin
nanes declared previously in the [Pin] section of the IBIS
file. The third colum, nodel _nane, associates the Series or
Series_switch nodel for the pair of pins in the first two
colums. The fourth columm, function_table_group, contains
an al phanureric designator string to associ ate those sets of
Series_switch pins that are switched together

Each line nust contain either three or four colums. Wen
usi ng four columms, the header function_table_group must be
listed.

One possible application is to nodel crossbar swi tches where
the straight through On paths are indicated by one designator
and the cross over On paths are indicated by another
designator. |If the nodel referenced is a Series nodel, then
the function_table_group entry is onmtted.

Colum length limts are:

[ Series Pin Mapping] 5 characters max
pin_2 5 characters max
nodel _nanme 20 characters max
function_tabl e_group 20 characters nmax
O her Notes: |If the nodel _nanme is for a non-synmetrical series nodel

then the order of the pins is inportant. The [Series Pin
Mappi ng] and pin_2 entries nust be in the col unms 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
capacitance or clanping circuitry are defined by the

nodel _name that is referenced in the [Pin] keyword. The
nodel _names under the [Pin] keyword that are al so referenced
by the [Series Pin Mapping] keyword may include any |ega
nodel or reserved nodel except for Series and Series_sw tch
nodels. Normelly the pins will reference a [ Mbdel] whose
Model _type is 'Terminator'. For exanple, a Series_swtch
nodel may contain Term nator nodels on EACH of the pins to
descri be both the capacitance on each pin and sone cl anpi ng
circuitry that may exist on each pin. In a simlar manner,
Input, 1/0 or Qutput nodels nmay exi st on each pin of a Series
nodel that is serving as a differential termnation.

[Series Pin Mapping] pin_2 nodel _nane function_tabl e_group

|
2 3 CBTSeri es 1 | Four independent groups
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6 CBTSeri es 2

8 CBTSeri es 3

11 CBTSeri es 4

23 CBTSeri es 5 | Straight through path
26 CBTSeri es 5

26 CBTSeri es 6 | Cross over path

23 CBTSeri es 6

33 Fi xed_series | No group needed

Keywor d:
Requi r ed:
Description:

Sub- Par ans:
Usage Rul es:

[Series Switch Groups]

No

Used to define allowable switching conbinati ons of series

swi tches described using the nanes of the groups in the

[ Series Pin Mapping] keyword function_table_group colum

On, Of

Each state |ine contains an allowable configuration. A
typical state line will start with 'On' followed by all of the
on-state group names or an 'O f' followed by all of the
off-state group nanmes. Only one of "On' or "Of' is required
since the undefined states are presuned to be opposite of the
explicitly defined states. The state line is termnated with
the slash '/', even if it extends over several lines to fit
within the 80 character colum width restriction.

The group nanes in the function_table_group are used to

associ ate switches whose switching action is synchroni zed by

a common control function. The first line defines the assuned
(default) state of the set of series switches. Oher sets of
states are listed and can be selected through a user interface
or through automatic control

[Series Switch G oups]
Function Group States

TTT90999999Q99Q9099¢99

QAQ uhrrwrhNRRrR, RN R

—h —h —h

WWNNPAPRPOWPOND ™

AW~~~
~ O~~~

N WS
~~

| Default setting is all switched On.

| Al Of setting.
| Other possible conbinations bel ow.

| The last four |ines above could have been repl aced
| with these four lines with the same neaning.
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5/ | Crossbar switch straight through connection
6 / | Crossbar cross over connection
f 561/ | Crossbar open switches

Keyword: [ Model Sel ector]
Requi red: No.

Description: Used to pick a [Mbdel] froma list of [Mbdel]s for a pin which
uses a progranmabl e buffer.

Usage Rul es: A programmbl e buffer nust have an individual [Mdel] section
for each one of its nodes used in the .ibs file. The nanes of
these [ Model ] s nust be uni que and can be |isted under the
[ Model Sel ector] keyword and/or pin list. The nane of the
[ Model Sel ector] keyword nust match the correspondi ng nodel
nanme |isted under the [Pin] or [Series Pin Mapping] keyword
and nust not contain nmore than 20 characters. A .ibs file
nmust contai n enough [ Model Sel ector] keywords to cover all of
t he nodel sel ector nanmes specified under the [Pin] and [ Series
Pi n Mappi ng] keywords.

I

I

I

I

I

|

I

I

I

I

I

I

I

| The section under the [Mdel Selector] keyword nust have two
| fields. The two fields nmust be separated by at |east one

| white space. The first field lists the [ Model] nane (up to 20
| characters long). The second field contains a short

| description of the [Mbdel] shown in the first field. The

| contents and format of this description is not standardized,
| however it shall be limted in |length so that none of the

| descriptions exceed the 80-character |length of the line that
| it started on. The purpose of the descriptions is to aid the
| user of the sinmulator tool in making intelligent 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 nechani sm

I

I

I

I

I

|

I

I

I

I

I

I

I

I

|

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

The operation of this selection mechanisminplies that a group
of pins which use the sane programmabl e buffer (i.e. nodel

sel ector nane) will be switched together fromone [Mdel] to
another. Therefore, if two groups of pins, for exanple an
address bus and a data bus, use the sanme programmbl e buffer
and the user nmust have the capability to configure them

i ndependently, one can use two [Mbdel Selector] keywords with
uni que nanes and the same |ist of [Mdel] keywords; however,
the usage of the [Model Selector] is not |limted to these
exanpl es. Many ot her conbinations are possible.

[ Pin] si gnal _nane nodel _nane R pin L_pin C pin
I
1 RASO# Progbufferl 200.0m 5.0nH 2. 0pF
2 EN1# | nput 1 NA 6. 3nH NA
3 A0 3-state
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DO Progbuf fer2
D1 Progbuffer2 320.0m 3.1nH 2. 2pF
D2 Progbuffer2
RD# | nput 2 310.0m 3.0nH 2. OpF

~NOo oA~

18 Vcc3 POVER

del Sel ector] Progbufferl

_%__

mA buffer without slew rate control
mA buffer without slew rate control
mA buffer wi thout slew rate control
mA
mA

buffer with slew rate control
buffer with slew rate control

O ODMDN

" w
O ORAN

del Sel ector] Progbuf fer2

mA buffer wi thout slew rate control
buffer without slew rate control
buffer with slew rate control
buffer with slew rate control
buffer with slew rate control

- EEEEE 5 EBEEEE
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Keywor d:
Requi r ed:
Descri pti on:
Sub- Par ans:

Usage Rul es:

Section 6

MODEL STATEMENT

[ Model ]

Yes

Used to define a nodel, and its attributes.

Model type, Polarity, Enable, Vinl, Vinh, C _conp,

C conp_pul lup, C conp_pul | down, C conp_power, and

C conp_gnd Vmeas, Cref, Rref, Vref

Each nodel type nust begin with the keyword [Mdel]. The
nodel name nust match the one that is |isted under a [Pin],
[ Model Selector] or [Series Pin Mpping] keyword and rust not
contain nmore than 20 characters. A .ibs file nust contain
enough [ Model] keywords to cover all of the nodel nanmes
speci fied under the [Pin], [Mdel Selector] and [Series Pin
Mappi ng] keywords, except for those nodel nanmes that use
reserved words (POWER, GND and NC)

Model _type nust be one of the foll ow ng:

I nput, Qutput, I/OQ 3-state, Open_drain, |I/0O open_drain,
Open_sink, 1/0 open_sink, Open_source, |/ O _open_source,
I nput _ECL, CQutput_ECL, I/O_ECL, 3-state_ECL, Terninator
Series, and Series_sw tch.

Speci al usage rules apply to the following. Sone definitions
are included for clarification:

| nput These nodel types nust have Vinl and Vinh
/0O defined. |If they are not defined, the
I/ O _open_drain parser issues a warning and the default
I/ O_open_sink values of Vinl = 0.8 Vand Vinh = 2.0 V are
I/ O_open_source assuned.
| nput _ECL These nodel types nust have Vinl and Vinh
I/ O _ECL defined. |If they are not defined, the
parser issues a warning and the default
val ues of Vinl = -1.475 V and Vinh =

-1.165 V are assuned.

Ter m nat or This nodel type is an input-only node
t hat 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 l up resistors.

Qut put This nmodel type indicates that an output

al ways sources and/or sinks current and
cannot be disabl ed.
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3-state Thi s nmodel type indicates that an output
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 nust be used, set | =
0 mA for all voltages specified) and the
out put SINKS current. Open_drain node
type is retained for backward
conpatibility.

Open_source Thi s nodel type indicates that the output
has an OPEN side (do not use the [Pulldown]
keyword, or if it nust be used, set | =
0 mA for all voltages specified) and the
out put SOURCES current.

| nput _ECL These nodel types specify that the nopde
Qut put _ECL represents an ECL type logic that foll ows
I/ O_ECL di fferent conventions for the [Pull down]
3-state_ECL keywor d.

Series This nodel type is for series nodels that

can be described by [R Series], [L Series],
[RI Series], [C Series], [Lc Series],

[Rc Series], [Series Current] and [ Series
MOSFET] keywor ds

Series_switch This nodel type is for series switch
nodel s that can be described by [On],
[OFf], [R Series], [L Series], [R Series],
[C Series], [Lc Series], [Rc Series],
[Series Current] and [ Series MOSFET]
keywor ds

The Mbdel _type subparaneter is required. The C _conp
subparameter is only required if C_conp_pullup

C conp_pul I down, C conp_power, and C _conp_gnd are not
present. |If the C conp subparanmeter is not present at |east
one of the C _conmp_pul lup, C_conp_pull down, C _conp_power, and
C conp_gnd subparaneters is required. It is not illega

to define all five of these subparaneters, but in that case
the sinulator tool will have to make a decisi on whet her

to use the old C conp subparaneter or the new C conp_*
subparameters. Under no circunstances should all five
subparameters be used sinultaneously.

The Pol arity, Enable, Vinl, Vinh, Vneas, Cref, Rref, and Vref
subparanmeters are optional. C _conp* define the silicon die
capaci tance. Thse val ues should not include the capacitance
of the package. C _conp* are allowed to use "NA" for the nmin
and max values only. The Polarity subparameter can be
defined as either Non-Inverting or Inverting, and the Enable
subparameter can be defined as either Active-Hi gh or

Acti ve-Low.
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O her Not es:

Si gnal s

[ Model ]
Model _type
Pol arity

0.8V
2.0V

Vmeas = 1.5V

X

®

L1
nonon

50pF
500
0

Keywor d:
Requi r ed:
Sub- Par ans:

Description:

The Cref and Rref subparaneters correspond to the test |oad

t hat the sem conductor vendor uses when specifying the
propagati on del ay and/or output switching tinme of the nodel.
The Vmeas subparaneter is the reference voltage |evel that the
sem conduct or vendor uses for the nodel. |Include Cref, Rref,
Vref, and Vmeas information to facilitate board-level tining
simul ati on. The assumed connections for Cref, Rref, and Vref
are shown in the follow ng diagram

|
\ Rr ef

I
I I
| Driver| \|------ 0----/\/\/\----0 Vref
I | /] I
I |/ | === Cref
| I I
I
GND

A conplete [Model] description normally contains the follow ng
keywords: [Voltage Range], [Pullup], [Pulldown], [GND Cl anp],
[ PONER Cl anp], and [Ranp]. A Term nator nodel uses one or
nore of the [Rgnd], [Rpower], [Rac], and [Cac]. However, sone
nodel s may have only a subset of these keywords. For exanple,
an input structure normally only needs the [Voltage Range],
[GND Cl anmp], and possibly the [ PONER Cl anp] keywords. |[|f one
or nore of [Rgnd], [Rpower], [Rac], and [Cac] keywords are
used, then the Mdel _type nust be Term nator

CLK1, CLK2,... | Optional signal list, if desired
Cl ockbuf fer
/0O
Non- I nverti ng
Active-Hi gh
| input logic "low' DC voltage, if any
| input logic "high" DC voltage, if any
Ref erence voltage for timng neasurenents
Ti mi ng specification test |oad capacitance val ue
Tim ng specification test |oad resistance val ue
Tim ng specification test |oad voltage

typ m n max
12. OpF 10. OpF 15. OpF
[ Model Spec]

No

Vinh, Vinl, Vinh+, Vinh-, Vinl+, Vinl-, S overshoot_high,

S overshoot | ow, D overshoot high, D _overshoot | ow,

D overshoot _tine, Pulse_high, Pulse |ow Pulse tinme, Vneas,
Vref, Cref, Rref, Cref rising, Cref _falling, Rref_rising,
Rref _falling, Vref _rising, Vref _falling, Vneas_rising,
Vnmeas_falling

The [ Model Spec] keyword defines four colums under which
speci fication subparanmeters are defined.

The foll owi ng subparaneters are defined:
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Usage Rul es:

Vi nh I nput vol tage threshol d high

Vi nl I nput voltage threshold | ow

Vi nh+ Hysteresis threshold high max Vt+

Vi nh- Hysteresis threshold high mn Vt+

Vi nl + Hysteresis threshold | ow max WVt -

Vi nl - Hysteresis threshold low mn Vt-

S _overshoot _hi gh Static overshoot high voltage

S _overshoot _| ow Static overshoot | ow voltage

D overshoot _hi gh Dynami ¢ overshoot high voltage

D overshoot _| ow Dynami ¢ overshoot | ow voltage

D overshoot _tinme Dynami ¢ overshoot tine

Pul se_hi gh Pul se i mmunity high voltage

Pul se_I| ow Pul se immunity | ow vol tage

Pul se_tinme Pul se i mmunity tine

Vneas Measur enent voltage for tim ng neasurenents

Vr ef Tim ng specification test |oad voltage

Cref Ti m ng specification capacitive |oad

Rr ef Ti m ng specification resistance |oad

Cref _rising Ti m ng spec capacitive load for rising
edges

Cref_falling Ti m ng spec capacitive |load for falling
edges

Rref rising Tim ng spec resistance load for rising
edges

Rref _falling Tim ng spec resistance load for falling
edges

Vref _rising Tim ng spec test load voltage for rising
edges

Vref _falling Tim ng spec test |load voltage for falling
edges

Vieas_ri sing Measurenment voltage for rising edge timng
measur ement s

Vneas_falling Measur enent voltage for falling edge tinmng

measur enent s

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

For each subparanmeter contained in the first colum, the
remai ning three hold its typical, mninmm and maxi nrum val ues.
The entries of typical, mninmmand nmaxi nrum nust be placed on
a single line and nust be separated by at | east one white
space. All four colums are required under the [ Mdel Spec]
keyword. However, data is required only in the typica
colum. If m nimum and/or maxi mum val ues are not avail abl e,
the reserved word "NA" nmust be used indicating the typica

val ue by default.

The m ni mum and maxi num val ues are used for specifications
subparanmeter values that may track the mn and nax operation
conditions of the [Model]. Usually it is related to the
Vol t age Range settings.

Unl ess noted bel ow, no subparaneter requires having present
any ot her subparaneter.

Vinh, Vinl rules:
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The threshol d subparaneter |ines provide additional mn and
max columm values, if needed. The typ columm values are stil
requi red and woul d be expected to override the Vinh and Vin
subpar amet er val ues specified el sewhere. Note: the syntax
rule that require inserting Vinh and Vinl under nodels renains
unchanged even if the values are defined under the [ Mde
Spec] keyword.

Vi nh+, Vinh-, Vinl+, Vinl- rules:

The four hysteresis subparmeters (used for Schmtt trigger

i nputs for defining two thresholds for the rising edges and

two thresholds for falling edges) nust all be defined before
i ndependent i nput thresholds for rising and falling edges of
the hysteresis threshold rul es becone effective. O herw se

the standard threshol d subparaneters renmain in effect. The

hysteresis thresholds shall be at the Vinh+ and Vinh- val ues
for a lowto-high transition, and at the Vinl+ and Vinl -

val ues for a high-to-low transition.

Recei ver Voltage with Hysteresis Threshol ds

Ri si ng Edge Fal | i ng Edge
Swi t chi ng Regi on 00 o} Swi t chi ng Regi on
| o 00 000000000
Vo 0 |
- - - - - - - X o}
- - - - - - X o] |
o] o |
o} o}
o] oV
e o B T T
- - - -0 - - - - - - - - - - - - - - - - - X
(o} (o}
o} o}
[oJeTole o ]e B e 00000000
Time -->

S overshoot _high, S overshoot | ow rules:

The static overshoot subparanmeters provide the DC vol tage
val ues for which the nodel is no | onger guaranteed to function
correctly. Typically these are voltages that woul d cause the
physi cal conponent to be destroyed.

D overshoot _hi gh, D overshoot |ow, D overshoot tinme rules:

The dynam c overshoot val ues provide a tine w ndow during

whi ch the overshoot may exceed the static overshoot linmits
but be bel ow the dynanmi c overshoot limts. D overshoot tine
is required for dynam c overshoot testing. In addition, if
D overshoot _high is specified, then S overshoot_high is
necessary for testing beyond the static limt. Simlarly, if
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D overshoot _low is specified, then S overshoot lowis
necessary for testing beyond the static limt.

Receiver Voltage with Static and Dynamic Overshoot Limts

D overshoot _tinme ->| | <-
I I
D overshoot_high - - - - - - -+ - - -+
| | oo | Passes - Does Not Exceed Bounds
| lo o |
S overshoot_high - - - - - - -x O +- - - - = - = & - - - o . ..o
| o] 0 000000000
| (0] 0 0
| o) o)
| 0 0
| 0 0
| 0 0
| 0 0
| 0 0 Fails -
| 0 0 Exceeds Bounds
| 0 0 |
I o 0 V V V
| 000000-----------omimeo e oo 0--------- 0- - - 0000
S overshoot low - - - - - - - - - - - - - - - - - - - - X X X X - -
| | o X X
| | o o
D overshoot low - - - - - - - - - - - - - - - - - - - - - 4+ -X X-+
| | X |
D _overshoot _time ->| | <-

Time -->
Pul se_hi gh, Pulse_low, Pulse_tinme rules:

The pul se i Mmunity values provide a time w ndow during which
a rising pulse my exceed the nearest threshold val ue but

be bel ow the pul se voltage value and still not cause the
input to switch. Pulse_tinme is required for pulse inmunity
testing. A rising response is tested only if Pulse_high is
specified. Simlarly, a falling response is tested only if
Pul se_Iow is specified. The rising response may exceed the
Vinl value, but renmin below the Pul se_high val ue.

Simlarly, the falling response nmay drop bel ow the Vinh val ue,

but remain above the Pulse | ow value. 1In either case the
input is regarded as imune to switching if the responses
are within these extended wi ndows. |f the hysteresis

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.

Recei ver Voltage with Pulse Inmunity Threshol ds
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Swi t chi ng
I

No Switching

I I

I I I

| | | 00 o} | Switching

| | | (o] 00 000000000 | |

| | | o 0 | |

| | V o o] vV  oooV

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

| | Pulse_time -> o |<- | ooo | o]

| Pulse_high- - - - - +o0- + Pul se_low - + - - + o]

| | | o | Pul se_tinme ->| | <- (o}

| Vinl - - - - - - - - X ST T T T R T

| | o} o}

| | (o] (o]

| | o] o]
| [ 000000 - - - - - - - - o m o e oo o]
I

| Time -->

I

| Vmeas, Vref, Cref, Rref rules:

I

| The Vmeas, Vref, Cref and Rref values under the [Model Spec]
| keyword override their respective values entered el sewhere.

| Note that a Vneas, Vref, Cref or Rref subparanmeters may not be
| used if its edge specific version (*_rising or * _falling) is
| used.

I

| Cref _rising, Cref _falling, Rref _rising, Rref_falling,

| Vref _rising, Vref_falling, Vmeas_rising, Vmeas_falling rules:
I

| Use these subparaneters when specifying separate timng test
| | oads and voltages for rising and falling edges. |If one

| "rising' or 'falling' subparaneter is used, then the

| corresponding 'rising' or 'falling' subparaneter nust be

| present. The values listed in these subparaneters override any
| corresponding Cref, Vref, Rref or Vmeas val ues entered

| el sewhere.

| _____________________________________________________________________________
[ Model Spec]

| Subpar anet er typ mn max

I

| Threshol ds

I

Vi nh 3.5 3.15 3.85 | 70% of Vcc

Vi nl 1.5 1.35 1.65 | 30% of Vcc

I

| Vinh 3.835 3.335 4.335 | Offset from Vcc

| Vinl 3.525 3.025 4.025 | for PECL

I

| Hysteresis

|

Vi nh+ 2.0 NA NA | Overrides the

Vi nh- 1.6 NA NA | thresholds

Vinl + 1.1 NA NA

Vinl - 0.6 NA NA | Al 4 are required
I

| Overshoot
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S _overshoot _hi gh
S overshoot | ow
D over shoot _hi gh
D overshoot _| ow
I

D overshoot _tine
I
I
I
Pul se_hi gh
Pul se_| ow
Pul se_tinme
I
I
I
Vmeas
I
I
I
I
Vr ef

I
I
I
I
I
Cref_fall
Cref _risi
Rref _risi
Rref_falling
Vref _rising

Vref _falling
Vneas_ri sing
Vrmeas_falling

Pul se I mmunity

Ti m ng Thresho

l o

Timng test

and fa
cation)

Ri si ng
speci fi

i ng
ng
ng

Keywor d:
Requi r ed:
Sub- Par ans:

Description:

5.5 5.0 6.0 | Static overshoot
-0.5 NA NA
6.0 5.5 6.5 | Dynamic overshoot
-1.0 -1.0 -1.0 | requires
| D_overshoot _tine
20n 20n 20n | & static overshoot
3V NA NA | Pulse imunity
0 NA NA | requires
3n NA NA | Pulse_tine
I ds
3.68 3.18 4.68 | A5 volt PECL
| exanple
ad vol tage reference exanple
1.25 1.15 1.35 | An SSTL-2 exanple

ling timng test | oad exanple (values from PCl-X
10p 10p 10p
10p 10p 10p
25 500 25 | typ value not specified
25 500 25 | typ value not specified
0 1.5 0
3.3 1.5 3.6
0.941 0. 885 1.026 | vneas = 0.285(vcc)
2.0295 1.845 2.214 | vneas = 0.615(vcc)
[ Recei ver Threshol ds]
No
Vth, Vth_mn, Vth_max, Vinh_ac, Vinh_dc, Vinl_ac, Vinl _dc,
Threshol d_sensitivity, Reference_supply, Vcross_| ow,
Vcross_high, Vvdiff_ac, Vdiff_dc, Tslew ac, Tdiffslew ac.

The [ Recei ver Threshol ds] keyword defines both a set of
receiver input thresholds as well as their sensitivity to
variations in a referenced supply. The subparanmeters are
defined as follows:

Vth, Vth_mn and Vth_nmax are the idea
vol tages at which the output of a digital |ogic receiver
changes state. Vth is the nomi nal input threshold voltage
under the voltage, tenperature and process conditions that
define '"typ'. VMth_min is the mninmminput threshold
voltage at 'typ' conditions while Vth_max is the maxi mum

i nput threshold voltage at 'typ' conditions.

i nput threshold

Vinh_ac is the voltage that a | owto-high going input
wavef orm nmust reach in order to guarantee that the
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receiver's output has changed state. 1In other words,
reaching Vinh_ac is sufficient to guarantee a receiver
state change. Vinh_ac is expressed as an offset from Vth

Vinh_dc is the voltage that an input waveform nust remain
above (nore positive than) in order to guarantee that a
receiver output will NOT change state. Vinh_dc is
expressed as an offset from Vth.

Vinl _ac is the voltage that a high-to-1ow going input
wavef orm nmust reach in order to guarantee that the
receiver's output has changed state. 1n other words,
reaching Vinl _ac is sufficient to guarantee a receiver
state change. Vinl_ac is expressed as an offset from Vth.

Vinl _dc is the voltage that an input waveform nust remain
bel ow (nore negative than) in order to guarantee that a
receiver's output will NOT change state. Vinl _dc is
expressed as an offset from Vth

Threshol d_sensitivity is a unit |ess nunber that specifies
how Vth varies with respect to the supply voltage defined
by the Reference_supply subparameter. Threshold sensitivity
i s defined as:

change in input threshold voltage
Threshol d_sensitivity = -----------------------~- -~
change in referenced supply voltage

Threshol d_sensitivity nust be entered as a whol e nunber or
decimal, not as a fraction.

Ref erence_supply indicates which supply voltage Vth tracks;
i.e. it indicates which supply voltage change causes a
change in input threshold. The legal arguments to this
subparameter are as foll ows:
Power _cl anp_ref (the supply voltage defined by the

[ PONAER Cl amp Ref erence] keyword)
Gnd_cl anp_r ef (the supply voltage defined by the

[GND Cl anp Reference] keyword)

Pul | up_ref (the supply voltage defined by the
[Pul lup reference] keyword)

Pul | down_r ef (the supply vol tage defined by the
[ Pul | down reference] keyword)

Ext _ref (the supply vol tage defined by the

[ External Reference] keyword)

Tsl ew_ac and Tdi ffsl ew ac neasures the absolute difference
in tinme between the point at which an input waveform
crosses Vinl _ac and the point it crosses Vinh_ac. The
purpose of this parameter is to docunent the maxi mum anount
of time an input signal may take to transition between
Vinh_ac and Vinl _ac and still allow the device to neet its
i nput setup and hold specifications. Tslew.ac is the
paranmeter used for single ended receivers while

Tdi ffslew ac nmust be used for receivers with differentia
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i nputs.

Vcross_low is the | east positive voltage at which a
differential receivers' input signals may cross while
switching and still allow the receiver to nmeet its timng
and functional specifications. Vcross lowis specified
with respect to 0OV.

Vcross_high is the nost positive voltage at which a
differential receivers' input signals may cross while
switching and still allow the receiver to nmeet its timng
and functional specifications. Vcross_high is specified
with respect to OV.

Vdiff_dc is the mninmum voltage difference between the
inputs of a differential receiver that guarantees the
receiver will not change state

Vdi ff_ac is the mninmum vol tage difference between the
inputs of a differential receiver that guarantees the
receiver will change state.

Usage Rul es: The [Receiver Thresholds] keyword is valid if the nodel type
i ncludes any reference to input or 1/0O  For single ended
receivers the Vinh_ac, Vinh_dc, Vinl_ac, Vinh_dc, Vth and
Tsl ew_ac subparaneters are required and override
the Vinh, Vinl, Vinh+/- and Vinl+/- subparaneters decl ared
under the [Mdel] or [Mddel Spec] keywords. For single ended
receivers the Vth_nmn, Vth_max, Threshold _sensitivity and
Ref erence_supply subparanmeters are optional. However, if
the Threshol d_sensitivity subparaneter is present then the
Ref erence_supply subparaneter nmust al so be present.

For differential receivers (i.e. the [Receiver Threshol ds]
keyword is part of a [Mdel] statenent that describes a pin
listed in the [Diff Pin] keyword) then the Vcross_| ow,
Vcross_high, Vvdiff_ac, Vdiff_dc and Tdiffslew ac
subparanmeters are required. The rest of the subparaneters
are not applicable. The Vdiff_ac and Vdiff_dc val ues
override the value of the Vdiff subparaneter specified by
the [Diff Pin] keyword. Note that Vcross_| ow and
Vcross_high are valid over the device's mnimum and maxi mum
operating conditions.

Subpar anet er Usage Rul es:

Nunerical arguments are separated fromtheir associated
subparanmeter by an equals sign (=); white space around the
equals sign is optional. The argunent to the

Ref erence_supply subparaneter is separated fromthe
subparanmeter by white space.

Vth at M nimum or Maxi mum Operating Conditions:

As descri bed above, the Vth_min and Vth_max subparaneters
define the m ni mum and mexi mum i nput threshold val ues under
typi cal operating conditions. There is no provision for
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directly specifying Vth under ninimum or maxi num operati ng
conditions. |Instead, these values are cal cul ated using
the foll owi ng equation:

I
I
|
| Vth(min/max) = Vth* + [(Threshold_sensitivity) X

| (change in supply voltage)]
I

I

I

I

I

where Vth* is either Vth, Vth_mn or Vth_nmax as appropriate,
and the supply voltage is the one indicated by the
Ref erence_Supply subparaneter.

| _____________________________________________________________________________
Exanpl es:

A basic 3.3v single ended receiver using only the required
subpar anet ers

[ Recei ver Threshol ds]

Vth = 1.5V

Vi nh_ac = +225nVv
Vinh_dc = +100mnmvV
Vinl _ac = -225nV
Vinl _dc = -100nV

Tslew_ac = 1.2ns

|

| A single ended receiver using an external threshold reference. 1In this
| case the input threshold is the external reference voltage so

| Threshold_sensitivity equals 1

|

[ Recei ver Threshol ds]

Vth = 1.0V

Threshol d_sensitivity = 1
Ref erence_Supply Ext _ref

Vi nh_ac = +200nV
Vi nh_dc = +100nV
Vinl _ac = -200nmv
Vinl _dc = -100nV

Tsl ew_ac = 400ps

I

| Afully specified single ended 3.3v CMOS receiver
I

[ Recei ver Threshol ds]

Vth = 1.5V

Vth_mn = 1.45V

Vth_max = 1.53V

Threshol d_sensitivity = 0.45

Ref erence_supply Power _cl anp_r ef

Vinh_ac = +200nV

Vi nh_dc = +100nVv
Vinl _ac = -200nV
Vinl _dc = -100nV

Tsl ew_ac = 400ps
|
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| A differential receiver
I

[ Recei ver Threshol ds]
Vcross_| ow = 0. 65V
Vcross_high = 0.90V

vdi ff_ac = +200nmv

Vdi ff_dc = +100nVv

Tdi ffsl ew_ac = 200ps

I

Keyword: [Add Subnodel ]
Required: No

Description: References a subnodel to be added to an existing nodel.

Usage Rules: The [Add Subrmodel] keyword is invoked within a nodel to add
the functionality that is contained in the subnodel or list of
subnodel s in each Iine that follows. The first colum
contai ns the submodel nane. The second colum contains a
subnmodel node under which the subnodel is used.

I
I
I
|
I
I
I
I
I
| If the top-level nodel type is one of the I/O or 3-state

| nodel s, the subnodel node may be Driving, Non-Driving, or All

| For exanple, if the subnodel node is Non-Driving, then the

| subnmodel is used only in the high-Z state of a 3-state nodel.

| Set the subnpdel node to All if the subnmodel is to be used for
| all nodes of operation

I

I

I

I

I

|

I

I

I

I

I

I

The subnmodel node cannot conflict with the top-1evel node
type. For exanple, if the top-level nodel type is an Open or
Qut put type, the subnopdel nobde cannot be set to Non-Driving.
Simlarly, if the top-level nodel type is Input, the subnodel
node cannot be set to Driving.

The [ Add Subnopdel] keyword is not defined for Series or
Series_switch nmodel types.

Refer to the Add Subnodel Description section in this docunent
for the descriptions of avail abl e subnodels.

| _____________________________________________________________________________
[ Add Subrnodel ]

| Subrodel _nane Mbde

Bus_Hold_1 Non-Driving | Adds the electrical characteristics of
| [Subnodel] Bus_Hold_1 for receiver or
| high-Z node only

Dynam c_cl anp_1 Al | | Adds the Dynmani c_cl anp_1 nodel for
I

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 nodel s and shoul d be placed under the [Mdel] which

acts as the top-level nodel. The schedul ed nodels are then
referenced fromthe top-Ilevel nodel by the [Driver Schedul e]
keywor d.
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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 nodel ed as schedul ed
nodel s.

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

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

Ref erence], [Voltage Range], [Ranp], [Rising Waveform and
[Falling Waveform keywords fromthe schedul ed nodel s
instead of the top-level nodel, according to the timng
rel ati onshi ps described in the [Driver Schedul e] keyword.

Consequently, the keywords in the above list will be ignored
in the top-level nodel. Also, all other keywords not shown
in the above list will be ignored in the schedul ed nodel (s).

However, both the top-level and the schedul ed nodel (s) have
to be conplete nodels, i.e. all of the required keywords
must be present and follow the syntactical rules.

For backwards conpatibility reasons and for sinulators which
do not support nulti-staged switching, the keywords in the
above list can be used in the top-level [Mdel] to describe
the overall characteristics of the buffer as if it was a

conposite model. It is not guaranteed, however, that such a
top-level nodel will yield the sane sinmulation results as a
full nmulti-stage nodel. It is recomended that a "gol den

waveform' for the device consisting of a [Ri sing Wavef orni
table and a [Falling Waveforn] table be supplied in the
top-1level nodel to serve as a reference for validation

Even though sone of the keywords are ignored in the
schedul ed nodel, it may still nmeke sense in sone cases to
supply correct data with them One such situation would
ari se when a [Mbdel] is used both as a regular top-Ileve
nodel as well as a schedul ed nodel .

The [Driver Schedule] table consists of five colums. The
first colum contains the nodel names of other nodels that
exists in the .ibs file. The remaining four columms describe
del ays: Rise_on_dly, Rise off _dly, Fall_on_dly, and

Fall _off _dly. The t=0 tinme of each delay is the event when
the sinmulator's internal pulse initiates a rising or falling
transition. All specified delay values nust be equal to or
greater than 0. There are only five valid conbinations in
whi ch these del ay val ues can be defi ned:

1) Rise_on_dly with Fall _on_dly
2) Rise_off _dly with Fall _off _dly
3) Rise_on_dly with Ri se_off _dly
4) Fall _on_dly with Fall _off _dly
5) Al four delays defined
(be careful about correct sequencing)

The four delay paraneters have the neaning as descri bed
below. (Note that this description applies to buffer types
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O her

Not es:

whi ch have both pullup and pulldown structures. For those
buffer types which have only a pullup or pulldown structure,
the description for the mssing structure can be omtted.)

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

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

Fall _on_dly is the amount of time that el apses fromthe
internal sinulator pulse initiating a FALLI NG edge to the
t=0 tinme of the waveformor ranp that turns the |-V table of
t he PULLDOWN device ON, and the t=0 tinme of the waveform or
ranp that turns the |-V table of the PULLUP device OFF (if
they were not already turned ON and OFF, respectively, by
anot her event).

Fall _off _dly is the anpunt of tinme that el apses fromthe
internal simulator pulse initiating a FALLI NG edge to the
t=0 time of the waveformor ranp that turns the |-V table of
t he PULLDOWN device OFF, and the t=0 tinme of the waveform or
ranp that turns the |-V table of the PULLUP device ON (if
they were not already turned ON and OFF, respectively, by
anot her event).

Note that some timng comnbinations nmay only be possible if
the two hal ves of a conplementary buffer are nodel ed
separately as two open_* nodel s.

Use 'NA" when no delay value is applicable. For each
schedul ed nodel the transition sequence nust be conplete,
i.e., the schedul ed nodel nust return to its initial state.

No [Driver Schedule] table may reference a nodel which
itself has within it a [Driver Schedul e] keyword.

The added nodel s 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 nonentary 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
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typi cal, mninmm and maxi mum condi ti ons cannot be descri bed
with themdirectly. In order to account for those effects,
one can refer to the fastest waveformtable with the del ay
nunmber and then insert an appropriate anount of horizonta
lead in section in those waveforns which need nore del ay.

Notice that the C conp paranmeter 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 waveforms nust be generated with the
total C conp present, even if the various stages of the
buffer are characterized individually.

Note: In a future release, the [Driver Schedul e] keyword may
be replaced by a newer nethod of specification that is
consi stent with sone other planned extensions. However, the
[Driver Schedule] syntax will continue to be supported.

[Driver Schedul e]
Model _nane Rise on_dly Rise off _dly Fall_on_dly Fall_off_dly
MODEL_OUT 0. Ons NA 0. Ons NA
Exanpl es of added nulti-staged transitions
M_O_SOURCE1 0. 5ns NA 0. 5ns NA
I ow (high-2Z) to high high to | ow (high-2)
M_O_SOURCE2 0.5n 1.5n NA NA
low to high to | ow | ow (high-2)
M_O_ DRAI N1 1.0n NA 1.5n
low to high (high-2) hi gh (high-2Z) to | ow
M_O_ DRAI N2 NA NA 1.5n 2.0n
hi gh (hi gh-2) high to low to high
Keyword: [ Tenperature Range]
Required: Yes, if other than the preferred 0, 50, 100 degree Cel sius

Descri pti on:

Usage Rul es:

range

Defines the tenperature range over which the nodel is to
oper at e.

List the actual die tenperatures (not percentages) in the typ,
mn, mx format. "NA" is allowed for nin and max only.

O her Notes: The [Tenperature Range] keyword al so describes the tenperature
range over which the various |-V tables and ranp rates were
derived.

| _____________________________________________________________________________
| variable typ m n max
[ Tenper at ur e Range] 27.0 -50 130.0
I
I s —————————————————————————————————————————————
Keyword: [Voltage Range]
Required: Yes, if [Pullup Reference], [Pulldown Reference], [PONER
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.
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Usage Rul es: Provide actual voltages (not percentages) in the typ, mn, max
format. "NA" is allowed for the mn and max val ues only.

O her Notes: |If the [Voltage Range] keyword is not present, then all four
of the keywords descri bed bel ow nust be present: [Pull up
Ref erence], [Pulldown Reference], [PONER Cl anp Reference],

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

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

| Keyword: [Pullup Reference]

| Required: Yes, if the [Voltage Range] keyword is not present.

| Description: Defines a voltage rail other than that defined by the [Voltage
| Range] keyword as the reference voltage for the [Pullup] |-V

| dat a.
|
|
I

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

O her Notes: This keyword, if present, also defines the voltage range over
which the typ, min, and max dV/dt_r val ues are derived.

| Keyword: [ Pulldown 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 [Pulldown] |-V data. |If this keyword is not

| present, the voltage data points in the [Pulldow] [-V table

| are referenced to 0 V.

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

| OGther Notes: This keyword, if present, also defines the voltage range over

| which the typ, mn, and max dV/dt_f val ues are derived.

| Keyword: [POWAER Cl anp Reference]

| Required: Yes, if the [Voltage Range] keyword is not present.

| Description: Defines a voltage rail other than that defined by the [Voltage
| Range] keyword as the reference voltage for the [ POAER Cl anp]

| | -V data.
|
|
|
|

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

O her Notes: Refer to the "Other Notes" section of the [GND C anp
Ref erence] keyword.

| variable typ nmn max

[ POAER Cl amp Reference] 5.0V 4.5V 5.5V
I
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Keywor d:
Requi r ed:

Descr

i ption:

Usage Rul es:

[ GND Cl amp Ref erence]

Yes, if the [Voltage Range] keyword is not present.

Defines a power supply rail other than 0 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.

Provi de actual voltages (not percentages) in the typ, mn, nmax
format. "NA" is allowed for the mn and nax val ues only.

O 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 ground, or a [Pullup],
[ Pul | down], [POWER Cl anp], or [GND Cl anp] table is referenced
to something other than the default supplies, use the
additional 'reference' keywords.
| _____________________________________________________________________________
| variable typ m n max
[ GND Cl anp Reference] oV oV oV
I
| s —————————————————————————————————————————————————————————————————————
Keyword: [ External Reference]
Required: Yes, if a receiver's input threshold is determ ned by an
external reference voltage
Description: Defines a voltage source that supplies the reference voltage

Usage Not es:

used by a receiver for its input threshold reference.
Provi de actual voltages (not percentages in the typ, mn max
format. "NA" is allowed for the mn and max val ues only.
Note that the nunmerically |argest value should be placed in
"max' colum, while the nunerically smallest val ue should

be placed in the "mn' col um.

| variable typ m n max
[ External Reference] 1. 00V 0. 95V 1. 05V
I
| s s gy gy ———————
Keywords: [TTgnd], [TTpower]
Requi red: No
Description: These keywords specify the transit time paraneters used to

Usage Rul es:

O her

Not es:

estimate the transit tine capacitances or develop transit tine
capacitance tables for the [GND Cl anp] and [ PONER Cl anp]

t abl es.

For each of these keywords, the three colunmms hold the transit
val ues corresponding to the typical, mninmmand maxi mum [ GND
Cl anp] or [PONER Cl anp] tables, respectively. The entries for
TT(typ), TT(mn), and TT(max) must be placed on a single line
and nust be separated by at |east one white space. All three
colums are required under these keywords. However, data is
required only in the typical colum. If mninmm and/or
maxi mum val ues are not avail able, the reserved word "NA" nust
be used indicating the TT(typ) value by default.

The transit tine capacitance is added to C conp. It is in a
Spice reference nodel as Ct = TT * d(I1d)/d(Vvd) where
d(1d)/d(Vvd) defines the DC conductance at the increnental DC
operating point of the diode, and TT is the transit tine.

This expression does not include any internal series
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resi stance. Such a resistance is assunmed to be negligible in
practice. Assune that the internal diode current (lId) -
voltage (Vvd) relationship is Id =1s * (exp(q(vd)/KkT) - 1)
where Is is the saturation current, q is electron charge, k is
Boltzmann's constant, and T is tenperature in degrees Kelvin.
Then d(1d)/d(Vvd) is approximately (q/kT) * 1d when the di ode
is conducting, and zero otherwise. This yields the
simplification &t = TT * (g/kT) * Id. The Id is found from
the [GND Cl anp] and [ POAER Cl anp] operating points, and the
corresponding 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.

The effective TT paranmeter values are intended to APPROXI MATE
the effects. They may be different fromthe values found in
the Spice diode equations. Refer to the NOTES ON DATA

DERI VATI ON METHOD for extracting the effective val ues.

TT(typ) TT(mi n) TT( max)
10n 12n 9n
12n NA NA

Keywor ds:
Requi r ed:
Description:

Usage Rul es:

O her

Not es:

[ Pul l down], [Pullup], [GND C anp], [POWER Cl anp]

Yes, if they exist in the node

The data points under these keywords define the |-V tables of
the pull down and pul lup structures of an output buffer and the
|-V tables of the cl anping di odes connected to the GND and the
POAER pi ns, respectively. Currents are considered positive
when their direction is into the conmponent.

In each of these sections, the first colum contains the

vol tage value, and the three renmining colums hold the
typical, mninmm and maxi rum current values. The four
entries, Voltage, I(typ), I(mn), and |I(max) nust be placed on
a single line and nust be separated by at |east one white
space.

Al'l four colums are required under these keywords. However,

data is only required in the typical colum. If mninum
and/ or maxi mum current val ues are not avail able, the reserved
word "NA" nmust be used. "NA" can be used for currents in the

typi cal columm, but nuneric values MJUST be specified for the
first and | ast voltage points on any |-V table. Each |-V
tabl e nust have at |east 2, but not nore than 100, voltage
poi nts.

The 1-V table of the [Pullup] and the [ POAER Cl anp] structures
are '"Vcc relative', neaning that the voltage val ues are
referenced to the Vcc pin. (Note: Under these keywords, al
references to 'Vcc' refer to the voltage rail defined by the

[ Vol tage Range], [Pullup Reference], or [PONER Cl anp

Ref erence] keywords, as appropriate.) The voltages in the
data tables are derived fromthe equation: Vtable = Vcc -
Vout put .

Therefore, for a 5 V nodel, -5 V in the table actually

page 37



means 5 V above Vcc, which is +10 V with respect to ground;
and 10 V neans 10 V below Vcc, which is -5 V with respect to
ground. Vcc-relative data is necessary to nodel a pullup
structure properly, since the output current of a pullup
structure depends on the voltage between the 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.

When tabul ating data for ECL nodels, the data in the

[Pull down] table is nmeasured with the output in the 'logic
low state. In 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 |evels. Likew se, the data
in the [Pullup] table is neasured with the output in the
'"logic one' state and represents the |-V characteristics when
the output is at the nost 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 Requirenments:

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

1- The CURRENT axis either increases or remains constant as
the voltage axis is increased.

2- The CURRENT axis either increases or renmains constant as
the voltage axis is decreased.

3- The CURRENT axis either decreases or renmains constant as
the voltage axis is increased.

4- The CURRENT axis either decreases or renmmi ns constant as
the voltage axis is decreased.

5- The VOLTAGE axis either increases or renmins constant as
the current axis is increased.

6- The VOLTAGE axis either increases or renains constant as
the current axis is decreased.

7- The VOLTAGE axis either decreases or renmins constant as
the current axis is increased.

8- The VOLTAGE axis either decreases or renmi ns constant as
the current axis is decreased.

An | BI S syntax checki ng program shall test for non-nonotonic
data and provide a mexi mum of one warning per |-V table if
non- nonotoni ¢ data is found. For exanple:

"War ni ng: Line 300, Pulldown |-V table for nodel DC040403
i s non-nonot oni c! Most sinmulators will filter this data
to renopve the non-nopnotonic data."

It is also recognized that the data may be nonotonic if
currents fromboth the output stage and the clanp diode are
added together as nobst sinmulators do. To limt the conplexity
of the IBI'S Version 2.x and Version 3.x syntax checking
programs, such prograns will conduct nonotonicity testing only
on one |-V table at a tine.
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It is assuned that the sinulator suns the clanmp tables
together with the appropriate [Pullup] or [Pulldown] table
when a buffer is driving high or |ow, respectively. Fromthis
assunption and the nature of 3-statable buffers, it follows
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 clanmp tables of an Input or I/O buffer can be nmeasured
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

di fference of the 3-stated and the enabl ed buffer's tables.
(Note that the resulting difference table can denponstrate a
non- nonot oni ¢ shape.) This requirenment enables the simulator
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 neasurenments (because
the cl anmpi ng tabl es cannot be nmeasured al one), the [Pull up]
and [Pull down] tables of an IBIS nobdel can contain the sum of
the clampi ng characteristics and the output structure. In
this case, the clanping tables nust contain all zeroes, or the
keywords nust be omitted.

[ Pul | down]
| Voltage

|
-5.0V

-4, 0V
0.0V
5. 0V

10. OV

Pul | up]

Vol t age

—_—— e ——

-5.0V
-4. 0V

5.0V
10. oV

I (typ) I (mn) I ( max)
-40.0m -34.0m -45. 0m
-39.0m -33.0m -43.0m

0.0m 0.0m 0.0m

40. 0m 34.0m 45, 0m

45, 0m 40. 0m 49, 0m

| Note: Vtable = Vcc - Voutput

I (typ) I (mn) I ( max)

32.0m 30. Om 35.0m

31.0m 29.0m 33.0m

0.0m 0.0m 0.0m
-32.0m -30.0m -35.0m
-38.0m -35.0m -40.0m
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[ GND Cl anp]
I
| Voltage I (typ) I (mn) I ( max)
I
-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
I
[ PONER Cl anp] | Note: Vtable = Vcc - Voutput
I
| Voltage [ (typ) [ (min) I (mex)
I
-5.0V  4450.0m NA NA
-0.7V 95. 0m 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]
Required: Yes, if they exist in the nodel

Description: The data for these keywords define the resistance val ues of
Rgnd and Rpower connected to GND and the POWER pi ns,
respectively, and the resistance and capacitance val ues for an
AC term nator.

Usage Rul es: For each of these keywords, the three colums hold the
typical, mninmm and maxi num resi stance val ues. The three
entries for R(typ), R(mn), and R(max), or the three entries
for C(typ), C(min), and C(max) nust be placed on a single |line
and nust be separated by at |east one white space. All three
colums are required under these keywords. However, data is
only required in the typical colum. If mninmm and/or
maxi mum val ues are not avail able, the reserved word "NA" nust
be used indicating the R(typ) or C(typ) value by default.

O her Notes: It should be noted that [Rpower] is connected to 'Vcc' and

[Rgnd] is connected to 'GND'. However, [GND Cl anp Reference]
vol tages, if defined, apply to [Rgnd]. [POWER Cl anp

Ref erence] voltages, if defined, apply to [ Rpower]. Either or
both [ Rgnd] and [ Rpower] may be defined and nay coexist with
[GND Cl anmp] and [POVER Cl anp] tables. |f the term nator
consists of a series Rand C (often referred to as either an
AC or RC termnator), then both [Rac] and [Cac] are required.
When [Rgnd], [Rpower], or [Rac] and [Cac] are specified, the
Model _type nust be Term nator

[ Vol t age Range] or
[ PONER Cl anp Ref erence]
0

|
POWER_ 0---0---0

clamp | |
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I | --0--] \

I I I /

| | 1-V | \ Rpower [ Package] Keyword

| | | / Subpar aneters *

I |--0--] I | <--mmmmmmmee oo >|

I I I

| | | PI'N
| 0----- 0------- 0----- 0----- [NV - - @oEad® - - o- - 0

I I | GND_ | I R pkg L_pkg |

I I |clamp | I I

I | |--0--| I I I

I | I \ I I

I | | 1-V| /' Rgnd | I

I | I \ \ I

| | |--0--| / / Rac |

I I I I \ I

| | 0---0---0 / |

I I I I I

| C conp === 0 === Cac C _pkg ===

I I GN\D or I I

I |  [GND Clanp I I

| | Ref er ence] | |

| O----m - mmm e oo o o]

I I

| o}

| GN\D

I

| * Note: Mre advanced package paraneters are avail abl e

| within this standard, including nore detailed

| power and ground net descriptions.

| _____________________________________________________________________________
| variable R(typ) R(m n) R( max)

[ Rgnd] 3300hm 3000hm 360ohm | Parallel Term nator
[ Rpower ] 220o0hm 2000hm NA

I

[ Rac] 30ohm NA NA

I

| variable C(typ) C(m n) C( max) | AC term nator
[ Cac] 50pF NA NA

| Keywords: [On], [OFf]

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

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

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

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

| nodel s describe the path for one state only and do not use

| the [On] and [OFf] keywords.
I

I

I

I

I

I

I

In Series_switch models, [On] or [OFf] nust 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
both states.
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| variable
[R Series]

I

| variable
[L Series]

| variable
[RI Series]
I

vari abl e

Requi r ed:
Descri ption:

Usage Rul es:

O her Not es:

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

O f state keywords such as [R Series], [Series Current]

[R Series], [L Series], [RI Series], [C Series]. [Lc Series],
[Rc Seri es]

Yes, if they exist in the node

The data for these keywords allow the definition of Series or
Series_switch R, L or C paths.

For each of these keywords, the three colums hold the
typical, mninmm and maxi mum resistance values. The three
entries nust be placed on a single line and nmust be separated
by at | east one white space. All three columms are required
under these keywords. However, data is only required in the
typical colum. |f mninmm and/or nmaxi num val ues are not
avail abl e, the reserved word "NA" nust be used.

This series RLC nodel is defined to allow IBIS to nodel sinple
passi ve model s and/or parasitics.

These keywords are valid only for Series or Series_switch
Model _types.

The nodel is:

R Series

R AW Y A R LT +

I I

Pin 1 | L Series Rl Series | Pin 2
<-- -4 - - @A - - NSNS\ N +--->

I I

1 I

+---| | --- COooaoad® - - /\ /NN -- -+
| | 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 ohns if it is not
defined in the path. [Lc Series] is 0 henries if it is
not defined in the path.

C conp values are ignored for these keywords.

R(typ) R(m n) R( max)

8ohm 60hm 120hm

L(typ) L(mn) L( max)

5nH NA NA

R(typ) R( i n) R( max)

4ohm NA NA

C(typ) C(m n) C(max) | The other elenents



[C Series] 50pF NA NA | are O inpedance
I
| s —————————————————————————————————————————————————————————————————————
Keyword: [Series Current]
Required: Yes, if they exist in the nodel
Description: The data points under this keyword define the |-V tables for
vol tages nmeasured at Pin 1 with respect to Pin 2. Currents
are considered positive if they flowinto Pin 1. Pins 1 and
2 are listed under the [Series Pin Mpping] keyword under
colums [Series Pin Mapping] and pin_2, respectively.
Usage Rules: The first colum contains the voltage value, and the remaining
colums hold the typical, mninum and maxi mum current val ues.
The four entries, Voltage, I(typ), I(mn), and I (max) nust be
pl aced on a single |ine and nust be separated by at |east one
whi te space.

Al four colums are required under these keywords. However,

data is only required in the typical colum. [|f nininum
and/ or maxi mum current val ues are not avail able, the reserved
word "NA" nmust be used. "NA" can be used for currents in the

I

|

I

I

I

I

I

I

I

|

I

I

I

I

I

| : _ ur’
| typi cal columm, but nunmeric val ues MJUST be specified for the
| first and | ast voltage points on any |-V table. Each 1-V
| tabl e nust have at |east 2, but not nore than 100, voltage
| poi nts.

I

I

I

I

I

I

I

|

I

I

I

I

I

I

I

I

|

I

Ot her Notes: There is no nonotonicity requirenment. However the nopde
supplier should realize that it nmay not be possible to derive
a behavi oral nodel from non-nonotonic data.

These keywords are valid only for Series or Series_swtch
Model _types.

The npdel is:

Tabl e Current

Pin1 |--------- | Pin 2

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

| _____________________________________________________________________________
[ Series Current]

| Voltage 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
-0.5Vv -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

| Description: The data points under this keyword define the |1-V tables for

| vol tages nmeasured at Pin 2 for a given Vds setting. Currents
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Sub- Par ans:
Usage Rul es:

O her

Not es:

are considered positive if they flowinto Pin 1. Pins 1 and
2 are listed under the [Series Pin Mapping] keyword under
[Series Pin Mapping] and pin_2 columms, respectively.

Vds

The first columm contains the voltage value, and the three
remai ni ng colums hold the typical, mninmm and maxi mum
current values. The four entries, Voltage, I(typ), I(mn),
and | (max) nust be placed on a single Iine and nust be
separated by at |east one white space.

Al'l four colums are required under these keywords. However,

data is only required in the typical colum. [If m ninmum
and/ or maxi mum current val ues are not avail able, the reserved
word "NA" nust be used. "NA" can be used for currents in the

typi cal colum, but nuneric values MJUST be specified for the
first and | ast voltage points on any |-V table. Each |-V
tabl e nust have at |east 2, but not nore than 100, voltage
poi nts.

There is no nonotonicity requirement. However the nodel

supplier should realize that it may not be possible to derive
a behavi oral nodel from non-npnotonic data.

Tabl e Current

------- > lds
+ Vds -
Vcce
Ig
----- NMOS
Pin 1| | Pin 2
<---+ +---> + Voltage = Vcc - Vs
d | | S
PMOS - - +-- Vs
| 9
G\D -

Ei ther of the FET's could be renpoved (or have zero current
contribution. Thus this nodel covers all four conditions,
of f, single NMOS, single PMOS and parall el NMOS/ PMOS

Vol tage = Table Voltage = Vtable = Vcc - Vs
Ids = Table Current for a given Vcc and Vds

Internal Logic that is generally referenced to the power rai
is used to set the NMOS MOSFET switch to its '"ON state
Internal logic |ikewi se referenced to ground is used to set
the PMOS device to its '"ON state if the PMOS device is
present. Thus the [Voltage Range] settings provide the
assuned gate voltages. |If the [PONER Cl anp Reference] exists,
it overrides the [Voltage Range] value. The table entries are
actually Vgs val ues of the NMOS device and Vcc - Vgs val ues of
the PMOS device, if present. The polarity conventions are
identical with those used for other tables that are
referenced to power rails. Thus the voltage colum can be
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viewed as a table defining the source voltages Vs according to
the convention: Vtable = Vcc - Vs. This convention remains
even wi thout the NMOS devi ce.

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 switch nmodel is that
it operates in a symetrical manner. The tables and
expressions are given assumng that Vd >= Vs. |If Vd < Vs,
then apply the sane rel ati onshi ps under the assunption that
the source and drain nodes are interchanged. A consequence of
this assunption is that the Vds subparaneter is constrained to
values Vds > 0. It is assunmed that with Vds = 0 the currents
will be O M. A further consequence of this assunption that
woul d be enbedded in the analysis process is that the voltage
table is based on the side of the nodel with the | owest
voltage (and that side is defined as the source). Thus the
anal ysis nust allow current to flowin both directions, as
woul d occur due to reflections when the switch is connected in
series with an unterm nated transnission |ine.

The npdel data is used to create an On state relationship
between the actual drain to source current, ids, and the
actual drain to source voltage, vds:

ids = f(vds).

This functional relationship depends on the actual source

vol tage Vs and can be expressed in terns of the corresponding
tabl e currents associated with Vs (and expressed as a function
of Vtable).

If only one [Series MOSFET] table is supplied (as a first
order approxi mation), the functional relationship is assunmed
to be linearly related to the table drain to source current,
Ids, for the given Vds subparaneter value and |ocated at the
exi sting gate to source voltage value Vtable. This table
current is denoted as Ids(Vtable, Vds). The functiona

rel ati onship becones:

ids = lds(Vtable, Vds) * vds/Vds.

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

C conp values are ignored for [Series MOSFET] nodel s.

An NMOS Exanpl e
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[ On]

[ Series MOSFET]

Vds = 1.0

| Voltage I (typ)
5.0V 257.9m
4.0V 203. Om
3.0V 129. 8m
2.0V 31.2m
1.0V 52.7p
0.0V 0. 0p

| A PMOS/ NMOS Exanpl e

|
[ On]

[ Seri es MOSFET]

Vds =

WNPFPOOWO~NOURARWNPFPOOONOOODUOPRAWNRPEFPOOO~NOOOPAWNEO

0.5

Vol t age
48.
47.
46.
46.
45,
44,
42.
42.
41.
39.
38.
38.
38.
40.
45,
49.
52.
55.
57.
58.
58.
59.
59.
59.
59.
60.
61.
62.
63.
64.
65.
66.

6ma
7ma
5ma
1ma
3ma
4ma
9ma
3ma
2ma
7ma
6ma
1ma
6ma
7ma
Oma
2ma
3ma
1ma
7ma
8ma
9ma
2ma
3ma
4ma
8ma
1ma
8ma
3ma
4ma
4ma
3ma
Oma

SEEESEEFESSSESSESSESESSSESESSESSEESES

—~
L d
<
©
N

SEEEEEFESSESSESSFESESSSESESSESSEESES

I (mn)
153. 3m
119.4m
74. 7Tm
16. 6m
46. 7p

| (nin)

I (max)

399. 5m | Defines the Ids current as a
317.3m | function of Vtable, for Vds =1

205. 6m
51.0m
56. 7p

0. 0p

I (max)

0

TT T TWWWWNNNMNNNNNDNNNRERRRRRRRRPPRPOO000000000™

Keywor d:
Requi r ed:

Yes,
nodel

[ Ranp]

except for
types.

i nputs, term nators,
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Description:

Sub- Par ans:
Usage Rul es:

[ Ranp]

vari abl e

dv/dt _r
dv/ dt _f

R | oad = 3000hns

Keywor ds:
Requi r ed:
Description:
Sub- Par amns:

Usage Rul es:

Defines the rise and fall times of a buffer. The ranp rate
does not include packagi ng but does include the effects of the
C conp paraneter.

dv/idt _r, dv/dt_f, R_I|oad

The rise and fall tine is defined as the tine it takes the
output to go from20%to 80%of its final value. The ranp
rate i s defined as:

dv 20% to 80% vol tage swi ng

dt Time it takes to swing the above voltage

The ranp rate nust be specified as an explicit fraction and

nmust not be reduced. The [Ranp] val ues can use "NA" for the
m n and max val ues only. The R_|oad subparaneter is optiona
if the default 50 ohmload is used. The R_|oad subparaneter
is required if a non-standard |load is used.

typ m n max
2.20/1.06n 1.92/1.28n 2. 49/ 650p
2.46/1.21n 2.21/1.54n 2.70/770p

[Rising Waveforni, [Falling Wavef orni

No

Descri bes the shape of the rising and falling edge wavef or nms
of a driver.

R fixture, V_fixture, V_ fixture_mn, V fixture_max, C fixture,
L fixture, R dut, L_dut, C_dut

Each [Ri sing Waveform and [Falling Waveform keyword

i ntroduces a table of time vs. voltage points that describe
the shape of an out put waveform These tine/voltage points
are taken under the conditions specified in the
R/L/C/V_fixture and R/L/C dut subparaneters. The table itself
consi sts of one colum of tine points, then three colums of
voltage points in the standard typ, min, and max format. The
four entries nmust be placed on a single line and nmust be
separated by at | east one white space. All four columms are
requi red. However, data is only required in the typica

colum. If mnimumor maxi mum data i s not avail abl e, use the
reserved word "NA". The first value in the tinme colum need
not be '0'. Tine values nust increase as one parses down the

table. The waveformtable can contain a maxi num of 1000 data
rows. A maxi num of 100 waveform tables are all owed per nodel.
Not e that for backward compatibility, the existing [Ranp]
keyword is still required. The data in the waveformtable is
taken with the effects of the C conp paraneter included.

A waveformtabl e 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 last entry (or
entries) of the colum nmust be the final DC val ue of the
output after switching. Each table nmust contain at |east two
entries. Thus, nunerical values are required for the first
and | ast entries of any columm containing nunerical data.
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The data in all of the waveformtables should be tine
correlated. In other words, the edge data in each of the
tables (rising and falling) should be entered with respect to
a single point in tine when the input stimulus is assuned to
have initiated a logic transition. Al waveform

extractions should reference a comon input stinulus tinme in
order to provide a sufficiently accurate alignnment of
wavefornms. The first Iine in each waveformtable should be
assunmed to be the reference point in tinme corresponding to a
logic transition. For exanple, assune that sone interna
rising edge logic transition starts at tine = 0. Then a

ri sing edge voltage-tine table m ght be created starting

at tinme zero. The first several table entries m ght

be sone "lead-in" time caused by sone undefined

internal buffer delay before the voltage actually starts
transitioning. The falling edge stinmulus--for the purpose of
setting reference tine for the voltage-tine curve--should al so
start at time = 0. And, the falling edge voltage-tinme table
woul d be created starting at tinme zero with a possibly

di fferent anmount of "lead-in" tinme caused by a possibly
different--but corresponding--falling edge internal buffer
del ay. Any actual device differences in internal buffer
delay tinme between rising and falling edges shoul d appear as
differing lead-in tines between the rising and the falling
wavefornms in the tables just as any differences in actua
device rise and fall tinmes appear as differing voltage-tine
entries in the tables.

A [ Mbdel] specification can contain nore than one rising edge
or falling edge waveformtable. However, each new tabl e nust
begin with the appropriate keyword and subparanmeter list as

shown below. |If nore than one rising or falling edge waveform
table is present, then the data in each of the respective
tabl es must be tinme correlated. In other words, the rising

(falling) edge data in each of the rising (falling) edge
wavef orm tabl es must be entered with respect to a conmon
reference point on the input stinmulus waveform

The 'fixture' subparaneters specify the |oading conditions
under which the waveformis taken. The R dut, C dut, and
L_dut subparaneters are anal ogous to the package paraneters

R pkg, C pkg, and L_pkg and are used if the waveform i ncl udes
the effects of pin inductance/capacitance. The diagram bel ow
shows the interconnection of these el enents.

PACKAGE | TEST FI XTURE
_ I
| L_dut R _dut | L fixture RTfixture
| ---@aoa®-/\/\/\--0----- | -- @A - -0---/\/\/\----- V_fixture
| I I I
I I I
I I I
C dut === | === C fixture
I I I
I I I
G\D | G\D
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NOTE: The use of L_dut, R dut, and C dut is strongly

di scouraged in devel opi ng Waveform data from si nul ati on
nmodel s.  Sone sinulators may ignhore these paraneters because
they may introduce nunerical tinme constant artifacts.

Only the R fixture and V_fixture subparanmeters are required,
the rest of the subparanmeters are optional. |If a subparaneter
is not used, its value defaults to zero. The subparaneters
nmust appear in the text after the keyword and before the first
row of the waveform table.

V_fixture defines the voltage for typ, mn, 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 mn and max supply voltages.

NOTE: Test fixtures with R fixture and V_fixture,

V_ fixture_mn, and V_fixture_nmax only are strongly encouraged
because they provide the BEST set of data needed to produce
the best nodel for simulation. C fixture and L_fixture can be
used to produce waveforns which describe the typical test case
setups for reference

NOTE: In nost cases two [Rising Waveforn] tables and two
[Falling Waveform tables will be necessary for accurate
nodel i ng.

All tables assune that the die capacitance is included.
Potential numerical problens associated with processing the
data using the effective C conp for effective die capacitance
may be handl ed differently anmobng sinul ators.

[ Ri si ng Wavef orni
R fixture = 50
V_fixture = 0.

C fixture
L_fixture
C _dut
R _dut
L_dut

mp
1m
1n

Ti me

o

NFPFPFRPPPPOOOO

H.
o

. 0000s

. 2000ns
. 4000ns
. 6000ns
. 8000ns
. 0000ns
. 2000ns
. 4000ns
. 6000ns
. 8000ns
. 0000ns

. 0000ns

0
50
2n

p | These are shown, but are generally not recomended

V(typ) V(mn) V( max)
25.2100nV 15.2200mv 43. 5700V
2.3325mv - 8. 5090nV 23. 4150nV
0. 1484V 15. 9375nV 0. 3944V
0. 7799V 0.2673V 1. 3400V
1.2960V 0. 6042V 1. 9490V
1. 6603V 0. 9256V 2.4233V
1. 9460V 1. 2050V 2.8130V
2.1285V 1.3725V 3. 0095V
2.3415V 1. 5560V 3.1265V
2.5135V 1. 7015V 3. 1600V
2. 6460V 1.8085V 3. 1695V
2.7780V 2. 3600V 3.1670V
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[Fal ling Wavef orni
R fixture = 50

V_ fixture = 5.5

V fixture_mn = 4.5

V_fixture_max = 5.5

| Time V(typ) V(m n) 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
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

Keywords: [ Test Data]
Required: No
Description: |Indicates the beginning of a set of Golden Waveforms and
references the conditions under which they were derived. An
IBIS file may contain any nunber of [Test Data] sections
representing different driver and | oad conbi nati ons.

Sub- Parans: Test_data_type, Driver_nodel, Driver_nodel _inv, Test_| oad

Usage Rules: The nane following the [Test Data] keyword is required. It
allows a tool to select which data to anal yze.

|

I

I

I

I

I

I

I

I

I

I

I

| The Test_data_type subparaneter is required, and its val ue
| nmust be either "Single_ended" or "Differential." The val ue of
| Test _data_type nmust match the value of Test |l oad_type found in
| the load called by Test_| oad.

|

I

I

I

I

I

I

I

I

I

I

The Driver_nodel subparaneter is required. |Its value

speci fies the "device-under-test"” and nust be a valid [ Model]
name. Driver_nodel _inv is only legal if Test_data_type is
Differential. Driver_nodel _inv is not required but nmay be
used in the case in which a differential driver uses two
different nodels for the inverting and non-inverting pins.

The Test_| oad subparanmeter is required and indicates which
[ Test Load] was used to derive the Golden Waveforns. It must
reference a valid [Test Load] nane.

[ Test Data] Datal

Test _data_type Single_ended
Driver_nodel Bufferl
Test | oad Loadl
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Description:

Keywor ds:

Requi r ed:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| Usage Rul es:
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

[ Ri sing Waveform Near], [Falling Waveform Near],

[ Ri si ng Waveform Far], [Falling Waveform Far],

[Diff Rising Waveform Near], [Diff Falling Waveform Near],
[Diff Rising Waveform Far], [Diff Falling Waveform Far]

At least one Rising/Falling waveformis required under the
scope of the [Test Data] keyword.

Descri bes the shape of the rising and falling Gol den Wavef or ns
of a given driver and a given [Test Load] neasured at the
driver 1/0O pad (near) or receiver 1/O pad (far). A node

devel oper may use the [Ri sing Waveform Near/Far] and [Falling
Wavef orm Near/ Far] keywords to document Gol den Wavef or ns whose
purpose is to facilitate the correlation of reference

wavef orms and behavi oral simnul ations.

The process, tenperature, and voltage conditions under which
the CGol den Waveforns are generated nust be identical to those
used to generate the VI and VT tables. The Gol den Wavef orns
must be generated using unpackaged driver and receiver nodels.
The simul ator nust NOT use the Gol den Waveformtables in the
construction of its internal stimulus function.

The tables nmust conformto the format descri bed under the
[Rising Waveforn] and [Falling Waveforn] keywords.

Both differential and singl e-ended waveforns are all owed
regardl ess of the value of Test_data_type. |If Test_data_type
is Singled_ended then differential waveforns will be ignored.
If Test_data_type is Differential, a single-ended waveform
refers to the nodel specified by Driver_nodel and the
non-inverting driver output.

[ Ri si ng Wavef orm Far]

| Time V(typ) V(mn) V( max)
0. 0000s 25.2100nV 15. 2200nV 43. 5700V
0. 2000ns 2.3325nv - 8. 5090nV 23. 4150V
0. 4000ns 0. 1484V 15. 9375nV 0. 3944V
0. 6000ns 0. 7799V 0.2673V 1. 3400V
0. 8000ns 1. 2960V 0. 6042V 1. 9490V
1. 0000ns 1.6603V 0. 9256V 2.4233V
1.2000ns 1. 9460V 1. 2050V 2.8130V
1.4000ns 2.1285V 1.3725V 3. 0095V
1.6000ns 2. 3415V 1.5560V 3. 1265V
1.8000ns 2.5135V 1.7015V 3. 1600V
2.0000ns 2. 6460V 1.8085V 3.1695V

| ...

10. 0000ns 2. 7780V 2.3600V 3.1670V

I

[Fal ling Wavef orm Far]

| Tinme V(typ) V(m n) 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
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0. 8000ns 1. 8150V 2. 8570V 0. 8629V
1. 0000ns 1.1697V 2.3270V 0. 5364V
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

Keywords: [Test Load]
Required: No
Description: Defines a generic test |oad network and its associ ated
el ectrical parameters for reference by Gol den Wavef orns
under the [Test Data] keyword. The Gol den Waveform
tabl es correspond to a given [Test Load] which is specified
by the Test_| oad subparaneter under the [Test Data] keyword.

Sub- Parans: Test_|oad_type, Cl_near, Rs_near, Ls_near, C2_near, Rpl_near
Rp2_near, Td, Zo, Rpl far, Rp2_far, C2 far, Ls far, Rs_far,
Cl far, V_terml, V_ternR, Receiver_nodel, Receiver_nodel _inv,
R diff_near, Rdiff_far.

Usage Rul es: The Test | oad_type subparaneter is required, and its val ue
nmust be either "Single_ended" or "Differential."

The subparanmeters specify the electrical parameters
associated with a fixed generic test |oad. The diagram
bel ow descri bes the single_ended test |oad.

Al'l subparaneters except Test _l|load type are optional. |If
omtted, series elements are shorted and shunt elenents are
opened by default.

recei ver _nodel _nane

NEAR Rpl_near Rpl_far FAR
Rs_near Ls_near

I

I

| Ls far Rs_far
>-|---0--/\/\--@@AD - 0- - - -

I

I

I
||
||
----0--@@@®-/\/\--0---]-|
||
||

| Cl_near |

| C2_near

| Rp2_near Rp2_f ar |
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If the Td subparaneter is present, then the Zo subparaneter
must al so be present. |If the Td subparaneter is not present,
then the sinulator nust renpve the transm ssion line from
the network and short the two nodes to which it was
connect ed.

V_terml defines the termi nation voltage for paralle

term nation resistors Rpl near and Rpl far. This voltage
is not related to the [Voltage Range] keyword.

If either Rpl_near or Rpl far is used, then V_terml nust
al so be used.

V_ternm2 defines the term nation voltage for paralle
term nation resistors Rp2_near and Rp2 far.

If either Rp2_near or Rp2 far is used, then V_tern2 nust
al so be used.

Recei ver _nodel is optional and indicates which, if any,
receiver is connected to the far end node. |If not used, the
network defaults to no receiver.

Recei ver _nodel _inv is not required but may be used in the
case in which a differential receiver uses two different
nodel s for the inverting and non-inverting pins.

Recei ver _nodel _inv is ignored if Test |oad_type is

Si ngl e- ended.

If Test_load type is Differential, then the test load is a

pair of the above circuits. |If the R diff_near or R diff_far
subparameter is used, a resistor is connected between the
near or far nodes of the two circuits. |[If Test load type is

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
| Singl e_ended, R diff_near and R diff_far are ignored.

I

| _____________________________________________________________________________

I
[ Test Load] Loadl

Test _| oad_type Singl e_ended

Cl_near = 1p

Rs_near = 10

Ls_near = 1n

C2_near = 1p

Rpl_near = 100

Rp2_near = 100

Td = 1ns

Zo = 50

Rpl_far = 100

Rp2_f ar = 100

C2_far = 1p

Ls_far = 1n

Rs_far = 10

Cl far = 1p

R diff_far = 100

Recei ver _nodel 1nputl

| variable typ nmn max
Vt er ml 1.5 1.4 1.6
Vt er n2 0.0 0.0 0.0
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| Exanple Transmi ssion Line and Receiver test load from"I/O Buffer Accuracy
| Handbook," section 3.4.4.
|

[ Test Load] Tline_rcv
Td = 1n
Zo = 50
Recei ver _nodel 1nputl
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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 speci al - purpose functionality to the existing top-level nodel. This
section describes the structure of the top-level nodel and the subnodel.

TOP- LEVEL MODEL:

When speci al - purpose functional detail is needed, the top-level nodel can
call one or nore subnodels. The [Add Subnodel] keyword is positioned
after the initial set of required and optional subparaneters of the [ Mdel]
keyword and anong the keywords under [ Mdel].

The [ Add Subnodel] keyword |ists of nanme of each subnodel and the permtted
node (Driving, Non-Driving or All) under which each added subnodel is used.

SUBMODEL :

A subnodel is defined using the [Subnodel] keyword. It contains a subset
of keywords and subparaneters used for the [ Model] keyword al ong with other
keywords and subparaneters that are needed for the added functionality.

The [Subnodel] and [ Subnodel Spec] keywords are defined first since they
are used for all subnpdels.

The only required subparaneter in [Subnodel] is Subnodel type to define the
list of subnopdel types. No subparaneters under [Mobdel] are pernitted under
t he [ Subnopdel] keyword.

The foll owing set of keywords that are defined under the [Mdel] keyword are
supported by the [Subnodel] keyword:

[ Pul | down]

[ Pul | up]

[ GND C anp]

[ PONER Cl anp]

[ Ranp]

[ Ri sing Waveform
[Fal ling Wavef orni

The [Voltage Range], [Pullup Reference], [Pulldown Reference], [GND Cl anp
Reference], and [ POAER Cl anp Reference] keywords are not permtted. The
vol tage settings are inherited fromthe top-I|evel npdel.

These additional keywords are used only for the [ Subnobdel] are docunented
in this section:

[ Subnmodel Spec]
[ G\D Pul se Tabl e]
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[ PONER Pul se Tabl €]

The application of these keywords depends upon the Subnodel type entries
listed bel ow

|

|

|

|

|

| Dynanic_cl anmp

| Bus_hold

| Fall _back

|

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

ignored. The rules for what set of keywords are required are found under
t he Dynami c Cl anp, Bus Hold, and Fall Back headi ngs of this section

Keyword: [ Subnodel ]
Required: No
Description: Used to define a subnodel, and its attributes.
Sub- Paranms: Subnodel _type
Usage Rul es: Each subnodel nust begin with the keyword [ Submodel]. The
subnmodel nanme nust match the one that is |isted under an
[ Add Submpdel ] keyword and nmust not contain nore than 20
characters. A .ibs file nmust contain enough [ Subnodel ]
keywords to cover all of the nodel nanes specified under the
[ Add Subnodel] keyword.

Subnodel _type subparaneter is required and nust be one of the
fol | owi ng:

Dynami c_cl anp, Bus_hol d, Fall _back

The C _conp subparaneter is not permtted under the [ Subnodel]
keyword. The total effective die capacitance including the
subnodel contributions are provided in the top-level nodel.

O her Notes: The following |ist of keywords that are defined under the
[ Model ] keyword can be used under [ Subnodel]: [Pulldown],
[Pul lup], [GND C anp], [POVNER Cl anmp], [Ranmp], [Rising
Waveform , and [Falling Waveform.

The following |ist of additional keywords can be used:
[ Subnmodel Spec], [GND Pul se Table], and [ POAER Pul se Tabl e].

[ Subnodel ] Dynami c_cl anpl
Subnodel _type Dynami c_cl anp

| Keyword: [ Subnodel Spec]

| Required: No

| Description: The [Submodel Spec] keyword defines four colums under which
| specification and information subparaneters are defined for

| subnodel s.

| Sub-Params: V_trigger_r, V_trigger_f, Of_delay

| Usage Rules: The [Subnodel Spec] is to be used only with subnodel s.

|

I

I

The foll owi ng subparaneters are used:

V_trigger_r Ri sing edge trigger voltage
V_trigger_f Fal i ng edge trigger voltage
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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
|
| Dynamic Clanp
I

[

Subnodel Spec]
Subpar anet er

|
|
V_trigger_r
V_trigger_f

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

For each subparaneter contained in the first columm, the
remai ning three hold its typical, mninmmand nmaxi num val ues.
The entries of typical, mninmmand nmaxi rum be nust be pl aced
on a single line and nmust be separated by at |east one white
space. All four colums are required under the [ Subnopde
Spec] keyword. However, data is required only in the typica
colum. If m nimum and/or maxi mum val ues are not avail abl e,
the reserved word "NA" nust be used to indicate the typica
val ue by default.

The values in the m ni mum and nmexi num col utms usual |y
correspond to the values in the same colums for the inherited
top-1evel voltage range or reference voltages in the top-1leve
nodel . The V_trigger_r and V_trigger f subparanmeters should
hol d values in the minimum and mexi mum col utms that correspond
to the voltage range or reference voltages of the top-Ieve
nodel . The O f _del ay subparameter, however, is an exception
to this rule because in some cases it may be completely or

or partially independent from supply voltages and/or

manuf acturi ng process variations. Therefore the m ni num and
maxi mum entries for the O f _delay subparaneter should be
ordered sinply by their nagnitude.

Unl ess noted, each [Subnodel Spec] subparaneter is independent
of any other subparaneter.

V_trigger_r, V_trigger_f rules:

The voltage trigger values for the rising and falling edges
provide the starting tinme when an action is initiated.

O f _delay rules:
The functionality of the Of_del ay subparameter is to provide

an additional tinme related nechanismto turn off circuit
el ement s.

Bus Hol d Exanpl e:

I

|

I

[ Submodel Spec]

| Subpar anet er
V_trigger_r

V_trigger_f

Exanpl e:
typ nmn max
3.6 2.9 4.3 | Starts power pulse table
1.4 1.2 1.6 | Starts gnd pul se table
typ nmn max
3.1 2.4 3.7 | Starts lowto high
| bus hold transition
1.8 1.6 2.0 | Starts high to | ow
I

bus hold transition
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Bus_hol d appl

I

I

I

[ Subnodel Spec]

| Subpar anet er
V_trigger_r

V_trigger _f

O f _del ay

Dynani ¢ Cl anp:

Dynami c_cl anp,

exanple for a

Keywor ds:
Requi r ed:
Descri ption:

Usage Rul es:

cation with pullup structure triggered on and then clocked off:

trigger at which the
pul l up turned off

typ mn max

3.1 2.4 3.7 | Lowto high transition
| triggers the turn on
| process of the pullup

-10.0 -10.0 -10.0 | Not used, so trigger

| voltages are set out
| of range

5n 4n 6n | Time fromrising edge
I
|

When the Subnodel _type subparanmeter under the [Subnodel] keyword is set to

t he subnodel describes the dynamic clanp functionality.

The [ GND Pul se Tabl e] and [ POAER Pul se Tabl e] keywords are defined. An

conpl ete dynam c clanp nodel is provided.

[ GND Pul se Table], [PONER Pul se Tabl e]

No

Used to specify the offset voltage versus tine of [GND Cl anp]
and [ POAER Cl anp] tables within subnodels.

Each [GND Pul se Table] and [ POAER Pul se Tabl e] keyword

i ntroduces a table of tinme versus vs. points that describe
the shape of an offset voltage fromthe [GND Cl anp Reference]
vol tage (or default ground) or the [ POAER Cl anp Reference]
vol tage (or default [Voltage Range] voltage). Note, these
vol tage values are inherited fromthe top-Ilevel nodel.

The table itself consists of one colum of tinme points, then

three colums of voltage points in the standard typ, mn, and
max format. The four entries must 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

typical colum. |f mninmmor nmaxi numdata is not avail abl e,
use the reserved word "NA". Tine values nust increase as one
parses down the table. The waveform table can contain of

maxi mum of 100 data points.

Each table nust contain at |east two entries. Thus, nunerica
values are required for the first and | ast entries of any
col um contai ni ng nunerical data.

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

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

Only one [GND Pul se Tabl e] and one [ POAER Pul se Table] are
al | oned per nodel.

The [ GND Pul se Table] 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 subparaneter are given.
These nodes are classified as triggered and static.

Tri ggered Mode:

For triggered node a pulse table nmust exist and include the
entire waveform i.e., the first entry (or entries) in a
vol tage colum nust be equal to the |ast entry.

Al so, a correspondi ng [ Subnodel Spec] V_trigger_* subparaneter
must exist. The triggered interaction is described:

The V_trigger_f subparaneter under [ Subnodel Spec] is used

to detect when the falling edge waveform at the di e passes

the trigger voltage. At that tinme the [Gnd Pul se Tabl e]
operation starts. Simlarly, the V_trigger_r subparaneter is
used to detect when the rising edge waveform at the di e passes
the trigger voltage. At that tinme [ POAER Pul se Tabl e]
operation starts. The [G\D Pul se Tabl e] dependency is shown

bel ow.
Waveform at Die
00O0O
0]
0]
0 _______
| o n
| o | V_trigger_f
| o Y time
| O O-------=-==-==-------- >
|
I
| [ GND Pul se Tabl e]
I
| 00O0O
| o] o]
| o] o]
| o] o]
| (o] (o]
| o] o] time
00O0OO 000 ~-------- >

| _ [CGND Pul se Table] operation starts at this tine

The V_trigger_r and [ POAER Pul se Table] operate in a simlar manner. \Wen
the V_trigger_r voltage value is reached on the rising edge, the [ POAER
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Pul se Table] is started. Normally the offset voltage entries in the [ POAER
Pul se Table] are negative.

Static Mde:

I
I
I
|
| When the [GND Pul se Tabl e] keyword does not exist, but the added nodel

| [GND Cl anp] table does exist, the added nodel [GND Clanp] is used directly.
| Simlarly, when the [ POAER Pul se Tabl e] keyword does not exist, but the

| added nodel [POWER Cl anp] table does exist, the added nodel [POWNER Cl anp]

| is used directly.

|

I

Thi s nmode provides additional fixed clanping to an 1/O * buffer or a
3-state buffer when it is used as a driver.

| = - o m ot e il
I

| Exanple of Dynam c_clanp Model with both dynam ¢ GND and POAER cl anps:

I

[ Subnodel ] Dynam c_Cl anp_1
Subnodel _type Dynami c_cl anp

|
[ Submodel Spec]

| Subpar anet er typ nmn max
I
V_trigger_f 1.4 1.2 1.6 | Falling edge trigger
V_trigger_r 3.6 2.9 4.3 | Rising edge trigger
typ nmn max
[ Vol t age Range] 5.0 4.5 5.5

Not e, the actual voltage range and reference voltages are inherited from
t he top-1evel nodel

I
I
I
I
I
I
[
I
I

GND Pul se Tabl €] | GND Clamp offset table
Ti me V(typ) V(m n) V( max)
0 0 0 0

le-9 0 0 0
2e-9 0.9 0.8 1.0
10e-9 0.9 0.8 1.0
1l1le-9 0 0 0

I

[ GND C anp] | Table to be offset

I

| Voltage I (typ) I (mn) 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
-1.200 -4.600e-02 -4.650e-02 -4.550e-02
-1.100 - 3. 550e-02 - 3. 700e-02 - 3. 450e-02
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-1.000
-0.900
- 0. 800
-0.700
-0. 600
-0. 500
- 0. 400
-0. 300
-0. 200
-0.100
0. 000
5. 000

-2.

-1

650e-02

. 850e-02
-1.
- 6.
-3.
-9.
- 5.
-1.
-3.

0.

0.

0.

200e-02
700e-03
000e-03
450e- 04
700e- 05
200e- 06
000e-08
000e+00
000e+00
000e+00

POVER Pul se Tabl €]

Ti me

QOO0 FRUEFPUREFEPNPOFRPWELPDNOOORL, MANERE

V(typ)

©o
OwVWw©OWoOo

I (typ)

. 150e+01
. 800e+00
. 350e+00
. 100e+00
. 000e-01
. 300e-01
. 900e-01
. 200e-01
. 650e-02
. 200e-02
. 300e-03
. 200e-03
. 900e-03
. 900e-03
. 150e-03
. 500e- 04
. 200e- 04
. 400e- 05
. 350e- 05
. 650e-07
. 250e-08
. 000e+00
. 000e+00
. 000e+00

-2.
-2.
-1.
- 8.
-4.
-1.
-2.

COON~NOUORPPORLPNWPORPNOPRPWOODMANER

850e-02 -2.
100e-02 -1.
400e-02 -9.
800e-03 -4.
650e-03 -1.
950e-03 -3.
700e- 04 - 5.
. 200e- 05 - 5.
-5.
. 000e+00
. 000e+00
. 000e+00

000e- 07

V(i n)

=
Oooooo

| (nin)

. 100e+01
. 500e+00
. 100e+00
. 750e- 01
. 050e-01
. 700e-01
. 800e-01
. 850e-02
. 400e-02
. 100e-02
. 650e-03
. 750e-03
. 500e-03
. 450e- 03
. 600e-03
. 150e- 04
. 400e- 04
. 550e- 04
. 400e- 05
. 450e- 06
. 550e- 07
. 400e- 08
. 000e-08
. 000e+00

COOCOOPRARPLPPFPOUONNPFPNWOFRONMANRRERPMOER

500e-02
650e-02
750e-03
700e-03
600e- 03
650e- 04
550e- 06
500e-08

. 000e+00
. 000e+00
. 000e+00
. 000e+00

V( max)

©o
O WmwO O

I ( max)

. 150e+01
. 150e+00
. 700e+00
. 300e+00
. 000e+00
. 250e-01
. 500e-01
. 200e-01
. 900e-02
. 600e-02
. 100e-03
. 650e-03
. 350e-03
. 400e- 03
. 100e- 04
. 600e- 04
. 600e- 05
. 200e- 05
. 300e- 06
. 950e-08
. 000e+00
. 000e+00
. 000e+00
. 000e+00

POVER Cl anp of fset table

Tabl e to be offset

Bus Hol d:
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When the Subnodel _type subparanmeter under the [Subnodel] keyword is set to
Bus_hol d, the added nodel describes the bus hold functionality. However,
whi | e described in terns of bus hold functionality, active term nators

can al so be nodel ed.

Exi sting keywords and subparanmeters are used to describe bus hold nodel s.
The [Pul lup] and [Pulldown] tables both are used to define an interna
buffer that is triggered to switch to its opposite state. This swtching
transition is specified by a [ Ranp] keyword or by the [Ri sing Waveform and
[Falling Waveform keywords. The usage rules for these keywords are the
same as under the [Mdel] keyword. |In particular, at |east either the

[Pul lup] or [Pulldown] keyword is required. Also, the [Ranp] keyword is
required, even if the [Rising Waveform and [Falling Waveform tables exist.
However, the voltage ranges and reference voltages are inherited fromthe
top-1 evel nodel.

For bus hold subnodels, the [ Subnbdel Spec] keyword, V_trigger_r, and
V_trigger _f are required. The Of_delay subparanmeter is optional, and can
only be used if the subnodel consists of a pullup or a pulldown structure
only, and not both. Devices which have both pullup and pul |l down structures
controlled in this fashion can be nodel ed usi ng two subnodel s, one for each
hal f of the circuit.

The transition is triggered by action at the die using the [Subnpdel Spec]
V_trigger_r and V_trigger_f subparanmeters is described next. |In all
subsequent di scussions, "low' nmeans the pulldown structure is on or active,
and the pullup structure is off or inactive if either or both exist. The
opposite settings are referred to as "high".

If the starting voltage is below V_trigger_f, then the bus hold nodel is set
to the | ow state causing additional pulldown current. |If the starting

vol tage is above V_trigger r, the bus hold nodel is set to the high state
for additional pullup current.

Under sone unusual cases, the above conditions can be both nmet or not net at
all. To resolve this, the EDA tool should conpute the starting voltage with
the bus hold nodel set to low. If the starting voltage is equal to or |less

than the average of V_trigger_r and V_trigger_f, keep the bus hold nodel

in the low state. Oherw se, set the bus hold nodel to the high state.

When the input passes through V_trigger f during a high-to-low transition
at the die, the bus hold output switches to the low state. Simlarly, when
the i nput passes though V_trigger_r during a lowto-high transition at the
die, the bus hold output switches to the high state.

If the bus hold subnodel has a pullup structure only, V_trigger_r provides
the time when its pullup is turned on and V_trigger_f or Of_delay provides
the time when it is turned off, whichever occurs first. Simlarly, if the
subnodel has a pull down structure only, V_trigger f provides the tine when
its pulldown is turned on and V_trigger_r or Of_delay provides the tine
when it is turned off, whichever occurs first. The required V_trigger_r
and V_trigger_f voltage entries can be set to val ues outside of the input
signal range if the pullup or pulldown structures are to be held on unti
the O f _delay turns them off.

The starting node for each of the subnodels which include the O f_del ay
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subpar anmeter of the [Subnodel Spec] keyword is the off state. Also, while
two submodel 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.

The foll owi ng tables summari zes the bus hold initial and sw tching
transitions:

BUS HOLD W THOUT OFF_DELAY:
Initialization:

Initial Vdie Value Initial Bus Hold
Subnodel State
= V_trigger_r & < V_trigger _f | ow
=> V_ trigger_f & > V_trigger_r hi gh
<= (V_trigger_f + V_trigger_r)/2 low | Reconmendations if neither
> (V_trigger_f + V_trigger_r)/2 high | or both conditions above
| are satisifed

Transi tions:

Prior Bus Hold Vdie transition Bus Hold
Subnodel State t hr ough Transition
V_trigger_r/f

| ow V_trigger_r | ow-t o- hi gh
| ow V_trigger _f no change
hi gh V_trigger_r no change
hi gh V_trigger_f hi gh-to-1 ow

BUS HOLD W TH OFF_DELAY ( REQUI RES El THER [ PULLUP] or [PULLDOWN] ONLY):

Initialization:

[ Pul lup] or Initial Bus Hold

[ Pul | down] Table Subnodel State (O f Mbde)
[ Pul | up] | ow

[ Pul | down] hi gh

Transi tions:

Prior Bus Hold Vdie transition Bus Hold O f _del ay
Subnodel State t hr ough Transi tion Transi tion
V_trigger_r/f

| ow V_trigger_r | owt 0- hi gh hi gh-to-1 ow
| ow V_trigger_f no change no change
hi gh V_trigger_r no change no change
hi gh V_trigger _f hi gh-to-1ow | owto-high

Note, if Vdie passes again through the V_trigger_r/f thresholds
before the O f _delay tine is reached, the bus hold state follows the

page 63



| change docunented in the first table, overriding the Of_del ay
| transition.

|

| No additional keywords are needed for this functionality.

I
| Conplete Bus Hol d Model Exanpl e:
I

[ Subnodel ] Bus_hol d_1
Subnodel _type Bus_hol d

|
[ Submodel Spec]

| Subpar anet er typ m n max

|

V_trigger_f 1.3 1.2 1.4 | Falling edge trigger
V_trigger_r 3.1 2.6 4.6 | Rising edge trigger
I

| typ mn max

| [Voltage Range] 5.0 4.5 5.5

| Note, the actual voltage range and reference voltages are inherited from
| the top-Ilevel nodel

I

[ Pul | down]

I

-5V - 100uA - 80uA -120uA

-1V - 30uA - 25UA -40uA

ov 0 0 0

1V 30uA 25uA 40uA

3V 50uA 45uA 50uA

5V 100uA 80UuA 120uA

10v 120uA 90uA 150uA

|

[ Pul | up]

I

-5v 100uA 80UuA 120uA

-1V 30uA 25uUA 40uA

ov 0 0 0

1V - 30uA - 25uUA - 40uA

3V -50uA - 45uA -50uA

5V - 100uA - 80uA -120uA

10v -120uA - 90uA - 150uA

I

I

[ Ranp]

| typ nmn max

dv/dt r 2.0/ 0.50n 2.0/0.75n 2.0/ 0. 35n
dv/ dt _f 2.0/0.50n 2.0/0.75n 2.0/ 0. 35n

R | oad = 500

I

| Conplete Pulldown Tinmed Latch Exanpl e:
I

[ Subnodel ] Ti med_pul | down_Il at ch

Subnodel _type Bus_hol d
|
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[ Subnmodel Spec]

| Subpar anet er typ mn max

I

V_trigger_r 3.1 2.6 4.6 | Rising edge trigger
| Values could be set out
| of range to disable the
| trigger

V_trigger_f 1.3 1.2 1.4 | Falling edge trigger

O f _del ay 3n 2n 5n | Delay to turn off the

| pulldown table

Note that if the input signal goes above the V_trigger r value, the

pul | down structure will turn off even if the tiner didn't expire yet.
typ nmn max
[ Vol t age Range] 5.0 4.5 5.5

I
|
|
|
|
| Note, the actual voltage range and reference voltages are inherited from
| the top-Ilevel nodel

|

[

|

Pul | down]

-5V - 100uA - 80uA -120uA
-1V - 30uA - 25UA -40uA
ov 0 0 0

1V 30uA 25uUA 40uA
3V 50uA 45uA 50uA
5V 100uA 80uA 120uA
10v 120uA 90uA 150uA

| [Pullup] table is omtted to signal Open_drain functionality.

[ Ranp]

| typ m n max

dv/ dt _r 2.0/0.50n 2.0/0.75n 2.0/0.35n
dv/ dt _f 2.0/0.50n 2.0/0.75n 2.0/0.35n

R I cad = 500
|

Fal | Back:

I
|
| When the Subnodel _type subparaneter under the [Subnodel] keyword is set to
| Fall_back, the added nodel describes the fall back functionality. This

| subnodel can be used to nodel drivers that reduce their strengths and

| increase their output inmpedances during their transitions. The fall back
| subnodel is specified in a restrictive manner consistent with its intended
| use with a driver nodel operating only in Driving node. In a Non-Driving
| node, no action is specified. For exanple, a fall back subnobdel added to
| and I nput or Term nator nodel woul d be inactive.

I

I

I

Exi sting keywords and subparanmeters are used to describe fall back nodels.
However, only one [Pullup] or [Pulldown] table, but not both, is all owed.
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nodel .
For fall back subnpdel s,

V_trigger_f are required.
subparanmeter i s not

In all
active,
are referred to as "high".

V_trigger_r

I NI TI AL STATE:

[ Pul lup] or [Pulldown]
Tabl e

[ Pul | up]

[ Pul | down]

DRI VER RI SI NG CYCLE:

Prior Vdie

State

| ow <= V_trigger_r
> V_trigger_r

hi gh <= V_trigger_r

> V_trigger_r

DRI VER FALLI NG CYCLE:

Prior Vdie

State

hi gh => V_trigger_f
< V_trigger_f

| ow => V_trigger_f

< V_trigger _f

hi gh state.
is turned off.

foll owi ng di scussi on,
and the pullup structure is off or

The switching transition is specified by a [ Ranp]
Waveform and [Falling Waveform keywords.
even if the [Rising Waveform and [Falling Wavef orni
the voltage ranges and reference voltages are inherited fromthe top-Ieve

t he [ Subnodel
Unli ke the bus hold nodel
permtted.

n | OWI

The transition is triggered by action at the die using the [ Subnode
and V_trigger_f subparaneters.
transitions are set as follows:

Initial
Subnodel

Ri si ng Edge
Transition
| owt 0- hi gh
stays | ow

stays high
stays high

Fal | i ng Edge
Transition
hi gh-to-1 ow
stays high

stays | ow
stays | ow

One application is to configure the subnode
At the beginning of the rising edge cycle,
When the die voltage passes V_trigger _r,
Because only the pullup structure is used,
| ow corresponding to a high-Z state.
pul lup remains in the high-Z state if the V_trigger_f

Spec]

Fal
State (O f Mode)

During the falling transition,

keyword or by the [Rising
The [Ranmp] keyword is required,
tabl es exist. However,

keyword, V_trigger _r, and

the O f _del ay

Devi ces whi ch have both pullup and pul | down
structures can be nodel ed using two subnodel s,
and one for the falling cycle.

one for the rising cycle

means the pulldown structure is on or

i nactive. The opposite settings

Spec]
The initialization and

Back

Vdie > V_trigger_r
Transition

hi gh-to-1 ow

stays | ow

hi gh-to-1 ow
stays high

Vdie < V_trigger f
Transition
| ow-t 0- hi gh
stays high

| ow-t o- hi gh
stays | ow

with only a pullup structure.
the pullup is turned on to the
the pullup structure
the off state is
t he
range

is set out of
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I
I
I
|
[

to avoid setting the subnmodel to the high state. So a tenmporary boost in
drive occurs only during the first part of the rising cycle.

A sim | ar subnodel consisting of only a pulldown structure could be
constructed to provide added drive strength only at the beginning of the
falling cycle. The conplete IBI'S nodel would have both subnpdels to give
added drive strength for both the start of the rising and the start of the
falling cycles.

No additional keywords are needed for this functionality.

Conpl ete Dynanmi ¢ Qut put Model Exanple Using Two Subnodel s:

Subnodel ] Dynami c_Qut put _r

Subnodel _type Fal | _back

I
[

Subnodel Spec]

| Subpar anet er typ m n max
I
V_trigger_f -10.0 -10.0 -10.0 | Falling edge trigger
| set out of range to
| disable trigger
V_trigger_r 3.1 2.6 4.6 | Rising edge trigger
typ nmn max
[ Vol t age Range] 5.0 4.5 5.5

I
I
I
I
I
I
[
|

Not e, the actual voltage range and reference voltages are inherited from
the top-1evel nodel

Pul I up]
-5V 100MA 80MA 120mA
oV 0 0 0
10v -200mMA -160mA -240mMA

[Pull down] table is onmitted to signify Open_source functionality.

[ Ranp]

| typ mn max

dv/dt _r 1.5/0.50n 1.43/0. 75n 1.58/0. 35n

dv/ dt _f 1.5/0.50n 1.43/0.75n 1.58/0. 35n

R I cad = 50

I

I _____________________________________________________________________________
[ Subnodel ] Dynam c_Qut put _f

Subnodel _type Fal | _back

I
[
I
I

Subnodel Spec]
Subpar anet er typ nmn max

V_trigger_r 10.0 10.0 10.0 | Rising edge trigger

| set out of range to
| disable trigger
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trigger_f 1.3 1.2 1.4 | Falling edge trigger
typ nmn max
[ Vol t age Range] 5.0 4.5 5.5

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

V_
I
I
I
I
| the top-level nodel.
I

[ Pul | down]

I

-5V -100mA -80mMA -120mA
ov 0 0 0
10v 200mA 160mA 240MmA

| [Pullup] table is omtted to signify Open_drain functionality.

[ Ranp]

| typ nmn max

dv/dt _r 1.5/0.50n 1.43/0.75n 1.58/0.35n
dv/ dt _f 1.5/0.50n 1.43/0.75n 1.58/0.35n
R load = 50
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Section 7

PACKAGE MODELI NG

The [ Package Model] keyword is optional. |If nore than the default RLC
package model is desired, use the [Define Package Model] keyword.

Use the [Package Model] keyword within a [Conponent] to indicate the package
nodel for that conponent. The specification permts .ibs files to contain
the followi ng additional |ist of package nodel keywords. Note that the
actual package nodels can be in a separate <package file_nanme>.pkg file or
can exist inthe IBIS files between the [Define Package Mdel]. ..

[ End Package Mddel] keywords for each package nodel that is defined. For
reference, these keywords are listed below Full descriptions follow

Si nul ators that do not support these keywords will ignore all entries

bet ween the [Defi ne Package Mddel] and [ End Package Mdel] keywords.

[ Defi ne Package Model ] Required if the [Package Model] keyword is used
[ Manuf act urer] (note 1)

[ CEM (note 1)

[ Descri ption] (note 1)

[ Number OF Sections] (note 2)

[ Number OF Pins] (note 1)

[ Pin Nunbers] (note 1)

[ Model Dat a] (note 2)

[ Resi stance Matri x] Optional when [Model Data] is used

[ nductance Matri x] (note 3)

[ Capaci tance Matri x] (note 3)

[ Bandwi dt h] Required (for Banded_matrix matrices only)
[ Row] (note 3)

[ End Mbdel Dat a] (note 2)

[ End Package Mbdel ] (note 1)

(note 1) Required when the [Define Package Model] keyword is used

(note 2) Either the [Nunmber O Sections] or the [Mdel Data]/[End Mdel Data]
keywords are required. Note that [Nunber of Sections] and the
[ Model Data]/[End Mdel Data] keywords are rmutually excl usive.

(note 3) Required when the [Define Package Model] keyword is used
and the [Nunber OF Sections] keyword is not used.

When package nodel definitions occur within a .ibs file, their scope is
"local" -- they are known only within that .ibs file and no other. In
addition, within that .ibs file, they override any globally defined package
nodel s that have the sane nane.

USACE RULES FOR THE . PKG FI LE

Package nmodel s are stored in a file whose nane | ooks liKke:

<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 nodels. The .pkg file
must 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 [ Conment Char] keywords.

All of the elenments follow the sane rules as those for a normal .ibs file.

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

Keyword: [Define Package Model ]
Required: Yes
Description: Marks the beginning of a package nodel description
Usage Rules: |If the .pkg file contains data for nore than one package, each
section nust begin with a new [ Defi ne Package Mbdel] keyword.
The Il ength of the package nodel name nust not exceed 40
characters in length. Blank characters are allowed. For
every package nodel nanme defined under the [Package Model ]
keyword, there must be a matching [ Define Package Mbdel ]
keywor d.

[ Defi ne Package Model ] QS- SMT- cer - 8- pi n- pkgs

Keyword: [ Manufacturer]
Required: Yes
Description: Declares the manufacturer of the conponent(s) that use this
package nodel .
Usage Rules: The length of the manufacturer's name nust not exceed 40
characters (blank characters are allowed, e.g., Texas
Instrunents). |In addition, each nmanufacturer nust use a
consistent nanme in all .ibs and .pkg files.

[ Manuf acturer] Quality Sem conductors Ltd.

Keyword: [ CEM
Required: Yes
Description: Declares the manufacturer of the package.
Usage Rules: The length of the manufacturer's name nmust not exceed 40

characters (blank characters are allowed). |In addition, each
manuf acturer nust use a consistent nanme in all .ibs and .pkg
files.

O her Notes: This keyword is useful if the sem conductor vendor sells a
single 1C in packages fromdifferent manufacturers.

Keyword: [Description]
Required: Yes
Description: Provides a concise yet easily human-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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Keywor d:
Requi r ed:
Description:

Usage Rul es:

[ Number OF Secti

[ Nunmber

Keywor d:
Requi r ed:
Description:
Usage Rul es:

O Pins]

Keywor d:
Requi r ed:
Description:

Sub- Par ans:
Usage Rul es:

must fit on a single Iine, and may contain spaces.

220-Pin Quad Ceram c Flat Pack

[ Number O Sections]

No
Defines the mexi mum nunber of sections that nmake 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 package stub as
other than a single, lunped L/R'C. The sections of a package
stub are assunmed to connect to each other in a series fashion
The argunent is a positive integer greater than zero. This
keyword, if used, nust appear in the specification before the
[Pin Nunbers] keyword. The maxi mum nunber of sections

i ncl udes sections between the Fork and Endfork subparaneters.

[ Number OF Pins]

Yes

Tells the parser how many pins to expect.

The field nust be a positive decimal integer. The [Nunber
O Pins] keyword must be positioned before the [Pin Nunbers]
keywor d.

[ Pin Nunbers]

Yes
Tells the parser the set of names that are used for the
package pins and also defines pin ordering. |If the [Nunber O

Sections] keyword is present it also lists the elenments for
each section of a pin's die to pin connection

Len, L, R C, Fork, Endfork

Followi ng the [Pin Nunbers] keyword, the names of the pins are
listed. There nust be as many nanes listed as there are pins
(as given by the preceding [ Nunber OF Pins] keyword). Pin
nanmes can not exceed 5 characters in length. The first pin
nanme given is the "lowest" pin, and the last pin given is the

"highest.” If the [Nunmber OF Sections] keyword is used then
each pin nanme nmust be foll owed by one or nore of the | ega
subpar amet er conbinations listed below. |If the [Nunmber O

Sections] keyword is not present then subparameter usage is
NOT al | owed.

Subpar anet ers:
The Len, L, R and C subparanmeters 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 subparameters are used to denote branches
fromthe mai n package stub.

Len The | ength of a package stub section. Lengths are
given in terms of arbitrary 'units'.

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

i nductance of a section is 3.0nH and the Iength 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 terms of
capaci tance per unit |ength.

R The DC (ohmic) resistance of a package stub section,
in terms of ohns per unit |ength.

For k Thi s subparaneter indicates that the sections

following (up to the Endfork subparaneter) are part of
a branch off of the main package stub. This
subpar anmeter has no argunents.

Endf ork This subparanmeter indicates the end point of a branch.
For every Fork subparaneter there nust be a
correspondi ng Endfork subparanmeter. As with the Fork
subparaneter, the Endfork subparanmeter has no
argunents.

Specifying a Len or L/R/ C value of zero is allowed. |If

Len = 0 is specified, then the L/IR/ C values are the total for
that section. |If a non-zero length is specified, then the
total L/IR/C for a section is calculated by nultiplying the
val ue of the Len subparaneter by the value of the L, R or C
subparameter. However, if a non-zero |length section is
specified, the L and C for that section should be treated as
di stributed el enents.

Usi ng The Subparaneters to Descri be Package Stub Sections:

A section description begins with the Len subparaneter and
ends with the slash (/) character. The value of the Len, L,

R, and C subparaneters and the subparaneter itself are
separated by an equals sign (=); white space around the equals
sign is optional. The Fork and Endfork subparaneters are

pl aced between section descriptions (i.e. between the

concl udi ng slash of one section and the 'Len' paraneter that
starts another). A particular section description can contain
no data (i.e. the description is given as '"Len =0 /").

Legal Subparaneter Conbi nations for Section Descriptions:

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 L/IR/ C
subparanmeters represent |unped elenments. |f the Len

subparameter is non-zero, then the L/ R/ C subparaneters
represent distributed el enents.

C) Single Fork or Endfork subparanmeter. Normally, a package
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stub is described as several sections, with the Fork and
EndFor k subparaneters surrounding a group of sections in the

m ddl e of the conplete package stub description. However, it
is legal for the Fork/Endfork subparaneters to appear at the
end of a section description. The package pin is connected to
the |l ast section of a package stub description not surrounded
by a Fork/Endfork statenents. See the exanples bel ow.

Package Stub Boundari es:

A package stub description starts at the connection to the die
and ends at the point at which the package pin interfaces with
the board or substrate the |IC package is nounted on. Note
that in the case of a conponent with through-hole pins, the
package stub description should include only the portion of
the pin not physically inserted into the board or socket.
However, it is legal for a package stub description to include
both the conponent and socket together if this is howthe
conmponent is intended to be used.

I

| A three-section package stub description that includes a bond wire (I unped
| inductance), a trace (treated as a transm ssion line with DC resistance),

| and a pin nodeled as a | unped L/ C el enent.
I
[

Pi n Nunber s]
Al Len=0 L=1.2n/ Len=1.2 L=2.0n C=0.5p R=0.05/ Len=0 L=2.0n C=1.0p/

Pin A2 bel ow has a section with no data

I
I
A2 Len=0 L=1.2n/ Len=0/ Len=1.2 L=2.0n C=0.5p R=0.05/ Len=0 L=2.0n C=1.0p/
|
| A section description using the Fork and Endfork subparaneters. Note that
| the indentation of the Fork and Endfork subparaneters are for readability
| are not required.
Al Len=0 L=2.3n / | bondwire
Len=1.2 L=1.0n C=2.5p / | first section
For k | indicates the starting of a branch
Len=1.0 L=2.0n C=1.5p / | section
Endf or k | ending of the branch
Len=0.5 L=1.0 C=2.5p/ | second section
Len=0.0 L=1.5n / | pin
I
| Here is an exanpl e where the Fork/Endfork subparameters are at the end of a
| package stub description

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

Endf or k | ending of the branch

| Keyword: [ Model Dat a]
| Required: Yes
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| Description:
|
|

[ Model Dat a]

Keywor d:
Requi r ed:
Description:
O her Notes:

| ______________
[ End Mbdel Dat a]

Keywor ds:
Requi r ed:

Sub- Par ans:
Description:

Usage Rul es:

Ot her Not es:

I ndi cates the beginning of the formatted package nodel data,
that can include the [Resistance Matrix], [lnductance Matrix],
[ Capaci tance Matrix], [Bandw dth], and [ Row] keywords.

[ End Model Dat a]

Yes

I ndicates the end of the fornmatted nodel data.

In between the [ Model Data] and [End Model Data] keywords is
t he package nodel data itself. The data is a set of 3
matrices: the resistance (R), inductance (L), and capacitance
(C) matrices. Each matrix can be formatted differently (see
bel ow). Use one of the matrix keywords below to mark the
begi nni ng of each new matri x.

[ Resistance Matrix], [lnductance Matrix], [Capacitance Matrix]
[ Resistance Matrix] is optional. |If it is not present, its
entries are assuned to be zero. [Inductance Matrix] and

[ Capaci tance Matrix] are required.

Banded_matri x, Sparse_matrix, or Full_matrix

The subparaneters nmark the beginning of a matrix, and specify
how the matrix data is formatted.

For each matrix keyword, use only one of the subparaneters.
After each of these subparaneters, insert the matrix data in
the appropriate format. (These formats are described in
detail below)

The resistance, inductance, and capacitance matrices are al so
referred to as "RLC matrices" within this specification

When neasuring the entries of the RLC matrices, either with
| aboratory equi prment or field-solver software, currents are
defined as ENTERI NG t he pins of the package fromthe board
(General Syntax Rule #11). The correspondi ng vol tage drops
are to be nmeasured with the current pointing "in" to the "+"
sign and "out" of the "-" sign.

board o0-------- | Pkg |--------- o board

It is inportant to observe this convention in order to get the
correct signs for the nmutual inductances and resistances.

[ Resi stance Matri x] Banded_matri x
[ nductance Matri x] Sparse_matri x
[ Capaci tance Matri x] Full _matrix

| RLC MATRI X NOTES
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For each [Resistance Matrix], [lnductance Matrix], or [Capacitance Matri 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 matri x can have no
coupling terms at all. In this case, the nobst concise format
(Banded_matri x) can be used.

There are two different ways to extract the coefficients that are reported
in the capacitance and inductance matrices. For the purposes of this
speci fication, the coefficients reported in the capacitance matrices shal
be the '"electrostatic induction coefficients' or 'Maxwell's capacitances'.

The Maxwel | capacitance Kij is defined as the charge induced on conductor
"i" when conductor "i" is held at 1 volt and all other conductors are held
at zero volts. Note that Kij ( when i /=j) will be a negative nunber and

shoul d be entered as such. Likew se, for the inductance matrix the
coefficients for Lij are defined as the voltage i nduced on conductor "j
when conductor "i"'s current is changed by lanp/sec and all other conductors
have no current change.

One comon aspect of all the different formats is that they exploit the
symmetry of the matrices they describe. This nmeans that the entries bel ow
the main diagonal of the matrix are identical to the corresponding entries
above the main diagonal. Therefore, only roughly one-half of the matrix
needs to be described. By convention, the nmain diagonal and the UPPER hal f
of the matrix are provided.

In the following text, we use the notation [I, J] to refer to the entry in
row | and colum J of the matrix. Note that | and J are allowed to be

al phanuneric strings as well as integers. An ordering of these strings is
defined in the [Pin Nunbers] section. 1In the followi ng text, "Row 1" neans
the row corresponding to the first pin.

Al so note that the nuneric entries of the RLC matrices are standard IBIS
floating point nunmbers. As such, it is pernmissible to use netric "suffix"
notation. Thus, an entry of the C matrix could be given as 1.23e-12 or as
1.23p or 1.23pF.

Ful |l _matrix:

When the Full _matrix format is used, the couplings between every pair of

el ements is specified explicitly. Assume that the matrix has N rows and N
colums. The Full_matrix is specified one row at a tinme, starting with
Row 1 and conti nuing down to 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 argunment nust be one of the pin nanes |isted under the
[Pin Nunbers] keyword.



Foll owing a [Row] keyword is a block of nunbers that represent the entries
for that row. Suppose that the current rowis 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 Mt1],

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

I
I
I
I
|
| | | | | |
| For even a nodest-sized package, this data will not all fit on one |ine.

| You can break the data up with newline characters so that the 80 character
| line length Iimt is observed.

I

I

I

I

|

I

An exanpl e: suppose the package has 40 pins and that we are currently

wor ki ng on Row 19. There is 1 diagonal entry, plus 40 - 19 = 21 entries in
the upper half of the matrix to be specified, for 22 entries total. The
data might be formatted as foll ows:

[ Row] 19

5.67e-9 1.1e-9 0.8e-9 0.6e-9 0.4e-9 0.2e-9 0.1e-9 0. 09e-9
8e-10 7e-10 6e-10 5e-10 4e-10 3e-10 2e-10 le-10
9e-11 8e-11 7e-11 6e-11 5e-11 4e-11

In the above exanple, the entry 5.67e-9 is on the diagonal of row 19.

bserve that Row 1 always has the nost entries, and that each successive row
has one fewer entry than the last; the |last row always has just a single
entry.

Banded_matri x:

A Banded_matrix is one whose entries are guaranteed to be zero if they are
farther away fromthe main diagonal than a certain distance, known as the
"bandwi dth." Let the matrix size be Nx M and |let the bandwi dth be B

An entry [1,J] of the matrix is zero if:

where | .| denotes the absol ute val ue.

The Banded_matrix is used to specify the coupling effects up to B pins on
either side. Two variations are supported. One allows for the coupling to
circle back on itself. This is technically a sinple formof a bordered

bl ock di agonal matrix. However, its data can be conpletely specified in
terms of a Banded _matrix for an N x Mmatrix consisting of Nrows and

M= N + B colums. The second variation is just in terns of an N x N matrix
where no circle back coupling needs to be specified.

I

I

I

|

I

I

I

I

I

I

I

I

|

I

| | I - J | >B
I

I

I

I

I

|

I

I

I

I

| The bandwi dth for a Banded _matrix nust be specified using the [Bandwi dt h]
| keyword:

I

| Keyword: [ Bandwi dt h]

| Required: Yes (for Banded_matrix matrices only)

| Description: Indicates the bandwi dth of the matri x.

| Usage Rules: The bandwidth field nmust be a non-negative integer. This
| keyword must occur after the [Resistance Matrix], etc.
| keywords, and before the matrix data is given.

| _____________________________________________________________________________
[ Bandwi dt h] 10
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Specify the banded matrix one row at a tine, starting with row 1 and worKki ng
up to higher rows. Mark each rowwith the [ Row] keyword, as above. As
before, symmetry is exploited: do not provide entries below the nmain

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 row only needs to specify the entries [1,1] through [1, 1+B] since al
other entries are guaranteed to be zero. The second row will need to

specify the entries [2,2] through [2,2+B], and so on. For row K the
entries [K K] through [K, K+B] are given when K + Bis less than or equal to
the size of the matrix N. Wien K + B exceeds N, the entries in the |ast

colums 1 ... B specify the coupling to the first rows. For row K, the
entries [K,K] ... [K,N [K/1] ... [K, R are given where R =
md(K + B- 1, N) + 1. Al rows will contain B+ 1 entries. To avoid

redundant entries, the bandwidth is linmted to B <=int((N- 1) / 2).

For the case where coupling does not circle back on itself, the process is
nodi fied. Only N colums need to be considered. Wen K+ B finally exceeds
the size of the matrix N, the number of entries in each row starts to
decrease; the last row (row N) has only 1 entry. This construction
constrains the bandwidth to B < N

As in the Full _matrix, if all the entries for a particular row do not fit
into a single 80-character line, the entries can be broken across severa
lines.

It is possible to use a bandwidth of 0 to specify a diagonal matrix (a
matrix with no coupling ternms.) This is sonetinmes useful for resistance
matrices.

Sparse_natri x:

A Sparse_matrix is expected to consist nostly of zero-valued entries, except
for a few nonzeros. Unlike the Banded_nmatrix, there is no restriction on
where the nonzero entries can occur. This feature is useful in certain
situations, such as for Pin Gid Arrays (PGAs).

As usual, symmetry can be exploited to reduce the anmobunt of data by
elimnating fromthe matri x any entries bel ow the nmai n di agonal

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

Data for the entries of a rowis given in a slightly different format,
however. For the entry [I, J] of arow, it is necessary to explicitly list
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 matrix.

The proper location is not otherw se obvious because of the | ack of
restrictions on where nonzeros can occur. Each (Index, Value) pair is
listed upon a separate line. An exanple follows. Suppose that row 10 has
nonzero entries [10,10], [10,11], [10,15], and [10,25]. The follow ng row
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data woul d be provided:

[ Row] 10

| I ndex Val ue
10 5.7e-9
11 1.1e-9
15 1.1e-9
25 1.1e-9

I

| Note that each of the colum indices listed for any row nust be greater than
| or equal to the row i ndex, because they always come fromthe upper half of

| the matrix. When al phanunmeric pin nanmes are used, special care nust be

| taken to ensure that the ordering defined in the [Pin Nunmbers] section is

| observed.

I

| Wth this convention, please note that the Nth row of an N x N matrix has

| just a single entry (the diagonal entry).

I

| s s gy gy ———————
Keyword: [End Package Model ]
Required: Yes
Description: Marks the end of a package nodel
Usage Rules: This keyword nust cone at the end of each conpl ete package

descri ption.

nodel description.
Optionally, add a coment after the [End Package Mdel ]
has just ended. For
exanpl e,
[ Defi ne Package Model ] My_Mbde
content of nodel

I
I
I
|
|
| keyword to clarify which package node
I
I
I
I
I
I

I
|
[ End Package Mbdel ] | end of My_Mbde

I
| e ——————————————————————————————————————————————————————————————————————
Package Mdbdel Exanple

|
| The following is an exanple of a package nodel file follow ng the

| package nodeling specifications. For the sake of brevity, an 8-pin package
| has been described. For purposes of illustration, each of the matrices is
| specified using a different format.

I

[1BI'S Ver] 4.0

[ Fil e Name] exanpl e. pkg

[File Rev] 0.1

[ Dat e] June 1, 2002

[ Sour ce] Qual ity Sem conductors. Data derived fromHelmholtz Inc.'s
field sol ver using 3-D Autocad nodel from Acne Packagi ng.

[ Not es] Exanpl e of couplings in packaging

[ Di scl ai mer]

The nodel s given bel ow may not represent any physically
real i zabl e 8-pin package. They are provided solely for the
purpose of illustrating the .pkg file format.
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[ Defi ne Package Model] QS-SMI-cer - 8-pin-pkgs

[ Manuf act urer] Qual ity Sem conductors Ltd.
[ CEM Acme Package Co.

[ Descri ption] 8-Pin ceram ¢ SMI package

[ Number OF Pins] 8

Pi n Nunber s]

[
1
2
3
4
5
6
7
8
|

[ Model Dat a]

|

| The resistance matrix for this package has no coupling
|

[ Resi stance Matri x] Banded_matri x

[ Bandwi dt h] 0
[ Row] 1
10.0

[ Row] 2
15.0

[ Row] 3
15.0

[ Row] 4
10.0

[ Row] 5
10.0

[ Row] 6
15.0

[ Row] 7
15.0

[ Rowj 8
10.0

| The inductance matrix has | oads of coupling

[ nductance Matri x] Full _matrix

[ Row] 1

3. 04859e- 07 4.73185e-08 1. 3428e-08 .12191e- 09
1.74022e-07 7.35469e- 08 2.73201e-08 . 33807e-08
[ Rowj 2

3. 04859e- 07 4.73185e-08 1. 3428e- 08 . 35469e- 08
1.74022e- 07 7.35469e- 08 2.73201e-08

[ Row] 3

3. 04859e- 07 4.73185e-08 2.73201e-08 . 35469e- 08
1.74022e- 07 7.35469e- 08

[ Row] 4

3. 04859e- 07 1.33807e-08 2.73201e-08 . 35469e- 08
1.74022e-07
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[ Row] 5

4.70049e- 07 1.43791e-07 5. 75805e- 08 2.95088e- 08
[ Row] 6

4.70049e- 07 1.43791e-07 5. 75805e- 08

[ Row] 7

4.70049e- 07 1.43791e-07

[ Row] 8

4.70049e- 07

I

The capacitance matri x has sparse coupling

|

|

[ Capaci tance Matri x] Sparse_matri x
[ Rowj 1

1 2.48227e-10
2 -1.56651e- 11
5 -9.54158e- 11
6 -7.15684e-12
[ Row] 2

2 2.51798e- 10
3 -1.56552e-11
5 -6.85199e- 12
6 -9.0486e-11
7 -6.82003e- 12
[ Row] 3

3 2.51798e-10
4 -1.56651e- 11
6 -6.82003e-12
7 - 9. 0486e-11
8 -6.85199e- 12
[ Row] 4

4 2.48227e-10
7 -7.15684e- 12
8 -9.54158e- 11
[ Row] 5

5 1. 73542e-10
6 - 3.38247e-11
[ Row] 6

6 1.86833e-10
7 -3.27226e-11
[ Rowj 7

7 1.86833e-10
8 -3.38247e-11
[ Row] 8

8 1.73542e-10
|

[ End Mbdel Dat a]
[ End Package Mbdel ]

page 80



Section 8

ELECTRI CAL BOARD DESCRI PTI ON

A "board | evel conponent” is the generic termto be used to describe a
printed circuit board (PCB) or substrate which can contain conmponents or
even ot her boards, and which can connect to another board through a set of
user visible pins. The electrical connectivity of such a board |eve
conponent is referred to as an "Electrical Board Description". For exanple,
a SIMM nodule is a board | evel conponent that is used to attach several DRAM
conponents on the PCB to anot her board through edge connector pins. An

el ectrical board description file (a .ebd file) is defined to describe the
connections of a board |evel conponent between the board pins and its
conmponents on the board.

A fundanmental assunption regarding the electrical board description is that
the inductance and capacitance paraneters listed in the file are derived
with respect to well-defined reference plane(s) within the board. Also,
this current description does not allow one to describe electrica

(i nductive or capacitive) coupling between paths. It is recommended that if
coupling is an issue, then an electrical description be extracted fromthe
physi cal paraneters of the board.

VWhat is, and is not, included in an Electrical Board Description is defined
by its boundaries. For the definition of the boundaries, see the
Description section under the [Path Description] Keyword.

USAGE RULES:

A .ebd file is intended to be a stand-alone file, not associated with any
.ibs file. Electrical Board Descriptions are stored in a file whose nane

| ooks like <filename>. ebd, where <fil enane> nust conformto the nam ng rules
given in the General Syntax Section of this specification. The .ebd
extension i s mandatory.

CONTENTS:

A .ebd file is structured simlar to a standard IBIS file. It nust contain
the foll owing keywords, as defined in the IBIS specification: [IBIS Ver],
[File Name], [File Rev], and [End]. It nmay also contain the follow ng

optional keywords: [Comment Char], [Date], [Source], [Notes], [Disclainer],
and [Copyright]. The actual board description is contained between the
keywords [Begi n Board Description] and [ End Board Description], and includes
the keywords |isted bel ow

[ Begi n Board Description]
[ Manuf act urer]

[ Number OF Pins]

[Pin List]

[ Pat h Descri ption]

[ Ref erence Desi gnator Map]
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[ End Board Descri ption]

|
| More than one [Begin Board Description]/[End Board Description] keyword pair
| is allowed in a .ebd file.

|

| Keyword: [Begin Board Description]

| Required: Yes

| Description: Marks the beginning of an Electrical Board Description

| Usage Rules: The keyword is followed by the name of the board | eve

| conponent. If the .ebd file contains nore than one [Begin

| Board Description] keyword, then each name nust be uni que.

| The | ength of the conponent nanme nust not exceed 40 characters
| in length, and blank characters are allowed. For every

| [ Begi n Board Description] keyword there nust be a matching

| [ End Board Description] keyword.

[Begi n Board Description] 16Meg X 8 SI MM Modul e

I

| e ——————————————————————————————————————————————————————————————————————
| Keyword: [ Manufacturer]

| Required: Yes

| Description: Declares the manufacturer of the conmponents(s) that use this
| .ebd file.
I
I
I

Usage Rules: Following the keyword is the manufacturer's nane. It nust not
exceed 40 characters, and can include blank characters. Each
manuf act urer nust use a consistent nane in all .ebd files.

| _____________________________________________________________________________
[ Manuf acturer] Quality SI MM Corp

| Keyword: [ Nunmber O Pins]

| Required: Yes

| Description: Tells the parser the nunber of pins to expect. Pins are any
| externally accessible electrical connection to the conponent.
| Usage Rules: The field nust be a positive decimal integer. Note: The

| simulator nmust not limt the Nunmber OF Pins to any value |ess
| than 1,000. The [Nunber O Pins] keyword must be positioned
| before the [Pin List] keyword.

| _____________________________________________________________________________
[ Number Of Pins] 128

| Keyword: [Pin List]

| Required: Yes

| Description: Tells the parser the pin names of the user accessible pins.

| It also informs the parser which pins are connected to power

| and ground.

| Sub-Parans: signal _nane

| Usage Rules: Following the [Pin List] keyword are two colums. The first

| colum lists the pin nane while the second |ists the data book
| nanme of the signal connected to that pin. There nust be as

| many pi n_nane/signal _nane rows as there are pins given by the
| precedi ng [ Nunber OF Pins] keyword. Pin names nust be the

| al phanuneric external pin nanes of the part. The pin nanes

| cannot exceed eight characters in length. Any pin associated
| with a signal nane that begins with "GND' or "PONER" will be
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interpreted as connecting to the boards ground or power plane.
In addition, NCis a |legal signal nanme and indicates that the
Pin is a 'no connect'. As per the IBIS standard "G\D",
"POAER' and "NC" are case insensitive.

SI MM Board Exanpl e:

[Pin List] signal_nane

Al
A2
A3
Ad
A5

GN\D

dat al

dat a2

POVERS | this pin connects to 5v
NC | a no connect pin

PONER3.3 | this pin connects to 3.3v
casa

Keyword: [Path Description]
Required: Yes

Description: This keyword allows the user to describe the connection

bet ween the user accessible pins of a board | evel conponent
and other pins or pins of the ICs nmounted on that board. Each
pin to node connection is divided into one or nore cascaded
"sections", where each section is described in terns of its
L/R/C per unit length. The Fork and Endfork subparaneters
allow the path to branch to nultiple nodes, or another pin. A
path description is required for each pin whose signal nane is
not "GND', "POWER' or "NC'.

Board Description and | C Boundari es:

In any system each board | evel conponent interfaces with
anot her board | evel conponent at some boundary. Every

el ectrical board description nust contain the conponents
necessary to represent the behavior of the board | eve
conponent being described within its boundaries. The boundary
definition depends upon the board | evel conmponent being
descri bed.

For CARD EDGE CONNECTI ONS such as a SIMM or a PC Daughter Card
pl ugged into a SI MM Socket or Edge Connector, the boundary
shoul d be at the end of the board card edge pads as they
energe fromthe connector

For any THROUGH- HOLE MOUNTED COMPONENT, the boundary will be
at the surface of the board on which the conponent is nounted.

SURFACE MOUNTED COMPONENT npdel s end at the outboard end of
their recomended surface nount pads.

If the board | evel conponent contains an UNMATED CONNECTOR
the unmated connector will be described in a separate file,

page 83



with its boundaries being as described above for the
t hrough- hol e or surface nmounted conponent.

Sub-Paranms: Len, L, R C, Fork, Endfork, Pin, Node

Usage Rul es: Each individual connection path (user pin to node(s))
description begins with the [Path Description] keyword and a
path nane, followed by the subparaneters used to describe the
path topol ogy and the el ectrical characteristics of each
section of the path. The path nane nust not exceed 40
characters, blanks are not allowed, and each occurrence of the
[ Path Description] keyword must be followed by a uni que path
nane. Every signal pin (pins other than POAER, GND or NC)
must appear in one and only one path description per [Begin
Board Description]/[End Board Description] pair. Pin nanmes do
not have to appear in the sane order as listed in the [Pin
List] table. The individual subparaneters are broken up into
those that describe the electrical properties of a section
and those that describe the topology of a path.

Section Description Subparaneters:

The Len, L, R, and C subparaneters specify the |ength, the
series inductance, resistance, and the capacitance to ground
of each section in a path description.

Len The physical length of a section. Lengths are given
in ternms of arbitrary 'units'. Any non-zero |length
requires that the paraneters that follow nust be
interpreted as distributed elenments by the sinulator

L The series inductance of a section, in ternms of
"inductance/unit length'. For exanple, if the tota
i nductance of a section is 3.0 nH and the I ength of
the section is 2 "units', the inductance would be
listed as L = 1.5 nH (i.e. 3.0/ 2).

C The capacitance to ground of a section, in terns of
capaci tance per unit |ength.
R The series DC (ohmic) resistance of a section, in

terms of ohns per unit |ength.
Topol ogy Descri ption Subparaneters:

The Fork and Endfork subparameters denote branches fromthe
mai n pi n-to-node or pin-to-pin connection path. The Node
subparameter is used to reference the pin of a conponent or
board as defined in a .ibs or .ebd file. The Pin subparaneter
is used to indicate the point at which a path connects to a
user visible pin.

For k Thi s subparaneter indicates that the sections
following (up to the Endfork subparaneter) are part
of a branch off of the mmin connection path. This
subpar anmeter has no argunents.

Endf ork This subparaneter indicates the end point of a branch
For every Fork subparanmeter there nust be a
correspondi ng Endfork subparameter. As with the Fork
subpar ameter, the Endfork subparaneter has no
argunents. The Fork and Endfork paraneters nust
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appear on separate lines.

Node ref erence_designator.pin
This subparanmeter is used when the connection path
connects to a pin of another, externally defined
conponent. The argunents of the Node subparaneter
i ndicate the pin and reference designator of the
external conponent. The pin and reference desi gnator
portions of the argunment are separated by a period
("."). The reference designator is mapped to an
external conponent description (another .ebd file or
.ibs file) by the [Reference Designator Mp] Keyword.
Not e that a Node MUST reference a nodel of a passive
or active conponent. A Node is not an arbitrary
connection point between two el enents or paths.

Pin Thi s subparaneter is used to mark the point at which
a path description connects to a user accessible pin.
Every path description nust contain at |east one
occurrence of the Pin subparanmeter. It may al so
contain the reserved word NC. The value of the Pin
subpar ameter must be one of the pin names listed in
the [Pin List] section.

Not e: The reserved word NC can al so be used in path descriptions
in a simlar manner as the subparaneters in order to termnate
paths. This usage is optional

Usi ng The Subparaneters to Descri be Paths:

A section description begins with the Len subparanmeter and
ends with the slash (/) character. The value of the Len, L,

R, and C subparaneters and the subparaneter itself are
separated by an equals sign (=); white space around the equals
sign is optional. The Fork, Endfork, Node and Pin
subparaneters are placed between section descriptions (i.e.

bet ween the concl udi ng slash of one section and the 'Len'
paraneters that starts another). The argunents of the Pin and
Node subparaneter are separated by white space.

Specifying a Len or L/R/ C value of zero is allowed. If

Len = 0 is specified, then the L/IR/ C values are the total for
that section. |If a non-zero length is specified, then the
total L/R/C for a section is calculated by nultiplying the
val ue of the Len subparaneter by the value of the L, R or C
subparameter. However, as noted below, if a non-zero |length
is specified, that section MJST be interpreted as distributed
el ement s.

Legal Subparaneter Conbi nations for Section Descriptions:

A) Len, and one or nore of the L, R and C subparaneters. |If
the Len subparaneter is given as zero, then the L/IR/ C
subparanmeters represent lunped elenents. |f the Len

subparameter is non-zero, then the L/ R/ C subparaneters
represent distributed el ements and both L and C nust be
specified, Ris optional. The segment Len ..../ nust
not be split; the whole segnment nust be on one line.
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B) The first subparaneter followi ng the [Path Description]
keyword nust be 'Pin', followed by one or nore section
descriptions. The path description can term nate in a Node,
another pin or the reserved word, NC. However, NC may be
optionally omtted.

Dealing Wth Series El enents:

description by defining a section with Len=0 and the proper R
or L value. A discrete series conponent can al so be included
in a path description by witing two back to back node
statenents that reference the sane conmponent (see the exanple
bel ow) . Note that both ends of a discrete, two term na
conponent MJST be contained in a single [Path Description].
Connecting two separate [Path Description]s with a series
conmponent is not allowed.

| _____________________________________________________________________________
| An Exanple Path For a SI MM Modul e:

|
[ Path Description] CAS 2

I
I
I
I
|
|
I
I
| A discrete series Ror L conponent can be included in a path
I
I
I
I
|
I
I
I

Pin J25

Len = 0.5 L=8.35n C=3.34p R=0.01 /

Node u2l. 15

Len = 0.5 L=8.35n C=3.34p R=0.01 /

Node u22. 15

Len = 0.5 L=8.35n C=3.34p R=0.01 /

Node u23. 15

I

| TN S
I I

| r

| J25 <--------- o o--+--0___ o--+--0___ O--+

| | Len=0.5 | Len=0.5 | Len=0.5

I I +--!I---+ +--!I---+ +--!I---+
| | | Pi n15] | Pi n15] | Pi n15
I I I I I I I I
| | | u21 | | W22 | | U23 |
I I

| |

I

A Description Using The Fork and Endfork Subparaneters:
I
[Path Description] PassThrul
Pin B5
Len = 0 L=2.0n /
Len = 2.1 L=6.0n C=2.0p /
For k
Len = 1.0 L =1.0n C= 2.0p /
Node u23.16
Endf or k
Len = 1.0 L = 6.0n C=2.0p /
Pin A5
I

| S
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A Description Including a Discrete Series Element:

I

I

| | Len=1.0 |
I I I
I I I
| B5 <---@a@ad - - O O--+
| | 2 nH Len=2.1 |
I I I
I I I
| | +---0 O--+
| | | Len=1.0

I I I

| | +--+- -+

| | | Pin16

I I I I

I I | U23 |

I I

I I

I

I

[Path Description] sigl
Pin B27

Len = 0 L=1.6n/

Len = 1.5 L=6.0n C=2.0p /

Node R2.1

Node R2.2

Len = 0.25 L=6.0n C=2.0p /

Node U25.6

I

| o
I I

| | Fom e e - +

| | | Pin Pi n| .

| B27 <---@@oa® - - O O--+1 2 +---0__O--+

| | 1.6 nH Len=1.5 | R2 | Len=0. 25

I I R + I

| | +- - +- -+
| | | Pin 6

I I I I

I I | U25 |

I I

I I

I

| Keyword: [ Reference Designator Map]

| Required: Yes, if any of the path descriptions use the Node subparaneter
| Description: Maps a reference designator to a conmponent or electrical board
| description contained in an .ibs or .ebd file.

| Usage Rules: The [Reference Designator Map] keyword nust be foll owed by a

| list of all of the reference designators called out by the

| Node subparaneters used in the various path descriptions.

| Each reference designator is followed by the name of the .ibs
| or .ebd file containing the electrical description of the

| conponent or board, then the name of the conponent itself as

| given by the .ibs or .ebd file's [Conmponent] or [Begin Board

| Description] keyword respectively. The reference designator
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| file name and conponent name terns are separated by white

| space. By default the .ibs or .ebd files are assuned to exi st
| in the same directory as the calling .ebd file. It is |lega

| for a reference designator to point to a conmponent that is

| contained in the calling .ebd file.

I

I

The reference designator is limted to ten characters.

| _____________________________________________________________________________
[ Ref erence Desi gnator Map]

| External Part References:

| Ref Des File nanme Component nane

u23 ppl00.i bs Pentium R) __Pro_Processor
u24 si mm ebd 16Meg X 36 SI MM Modul e
u25 | s244.i bs Nati onal 74LS244a

uz26 r10K. i bs My_10K_Pul | up

| Keyword: [End Board Description]

| Required: Yes

| Description: Marks the end of an Electrical Interconnect Description

| Usage Rules: This keyword nust conme at the end of each conplete electrica
| i nt erconnect nodel description
I
I
I
I

Optionally, a coment may be added after the [End El ectrica
Description] keyword to clarify which board nodel has
ended.

[ End Board Descri ption] | End: 16Meg X 8 SI MM Modul e

| Keyword: [ End]

| Required: Yes
| Description: Defines the end of the .ibs, .pkg, or .ebd file.
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Section 9

NOTES ON DATA DERI VATI ON METHOD

This section explains how data values are derived. It describes certain
assuned paraneter and table extraction conditions if they are not explicitly
specified. It also describes the allocation of data into the "typ", "mn",

and "nmax" colums under variations of voltage, tenperature, and process.

The required "typ" colum for all data represents typical operating
conditions. For nost [Model] keyword data, the "min" columm describes sl ow,
weak performance, and the "max" colum describes the fast, strong
performance. It is pernmissible to use slow, weak conmponents or nodels to
derive the data for the "mn" colum, and to use fast, strong conponents or
nodels to derive the data in the "max" colums under the correspondi ng

vol tage and tenperature derating conditions for these colums. It is also
perm ssible to use typical conmponents or nodels derated by voltage and
tenperature and optionally apply proprietary "X% and "Y% factors described
|ater for further derating. This nethodology has the nice feature that the
data can be derived either from sem conductor vendor proprietary nodels, or
typi cal conponent neasurement over tenperature/voltage.

The vol tage and tenperature keywords and optionally the process nodels
control the conditions that define the "typ", "mn", and "max" col um
entries for all 1-V table keywords [Pulldown], [Pullup], [GND Clanp], and
[ POAER Cl anp]; all [Ranp] subparaneters dV/dt_r and dV/dt_f; and al
waveform tabl e keywords and subparaneters [Ri sing Waveform, [Falling
Waveform, V_ fixture, V_fixture_mn, and V_fixture_nax.

The vol tage keywords that control the voltage conditions are [Voltage
Range], [Pulldown Reference], [Pullup Reference], [G\ND Cl anp Reference], and
[ POAER Cl anmp Reference]. The entries in the "mn" colums contain the
smal | est magni tude voltages, and the entries in the "max" columms contain
the | argest magnitude voltages.

The optional [Tenperature Range] keyword will contain the tenperature which
causes or anplifies the slow, weak conditions in the "mn" colum and the
tenperature which causes or anplifies the fast, strong conditions in the
"max" colum. Therefore, the "mn" colum for [Tenperature Range] will
contain the | owest value for bipolar nmodels (TTL and ECL) and the hi ghest
val ue for CMOS nodels. Default values described |later are assuned if
tenmperature is not specified.

The "min" and "max" columms for all renmi ning keywords and subparaneters
will contain the smallest and | argest magnitude values. This applies to the
[ Model ] subparaneter C conp as well even if the correlation to the voltage,
tenperature, and process variations are known because information about such
correlation is not available in all cases.

C conp is considered an independent variable. This is because C _conp
i ncl udes bondi ng pad capacitance, which does not necessarily track
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fabrication process variations. The conservative approach to using IBIS
data will associate |large C conp values with slow, weak nodels, and the
small C conp values with fast, strong nodels."

The default tenperatures under which all |-V tables are extracted are
provi ded bel ow. The sane defaults also are stated for the [ Ranp]
subparanmeters, but they also apply for the waveform keywords.

The stated voltage ranges for |-V tables cover the nmobst conmon, single
supply cases. Wien nultiple supplies are specified, the voltages shal
extend simlarly to values that handle practical extrenes in reflected wave
si mul ati ons.

For the [Ranp] subparaneters, the default test |oad and voltages are

provi ded. However, the test | oad can be entered directly by the R | oad
subparameter. The allowable test |oads and voltages for the waveform
keywords are stated by required and optional subparaneters; no defaults are
needed. Even with waveform keywords, the [Ranp] keyword continues to be
required so that the IBI'S nodel remains functional in situations which do
not support waveform processing.

The follow ng discussion lists test details and default conditions.

1) |-V Tables:
|-V tabl es for CMOS npdel s:

typ = typical voltage, typical tenp deg C, typical process
mn = mni mum voltage, max tenp deg C, typical process, mnus "X%
max = maxi mum voltage, nmin tenp deg C, typical process, plus "X%

|-V tabl es for bipolar nodels:

typ = typical voltage, typical tenp deg C, typical process
mn = mnimumvoltage, mn tenp deg C, typical process, mnus "X%
max = maxi mum voltage, nmax tenp deg C, typical process, plus "X%

Nomi nal, mn, and max tenperature are specified by the sem conduct or
vendor. The default range is 50 deg C nom 0 deg C nin, and 100 deg C
max tenperatures.

X% shoul d be statistically determ ned by the sem conductor vendor based
on nunerous fab lots, test chips, process controls, etc.. The value of X
need not be published in the IBIS file, and nay decrease over tine as
data on the |/O buffers and silicon process increases.

Tenperatures are junction tenperatures.

2) Vol tage Ranges:
Poi nts for each table nmust span the voltages listed bel ow

Tabl e Low Vol t age H gh Vol t age
[ Pul | down] G\D - POVER POVER + POWER
[ Pul | up] G\D - POVER POVER + POVER
[ GND Cl anp] G\D - POVWER GND + POWER
[ POVER Cl anp] POVNER PONER + POWER
[ Series Current] G\D - POVER G\ND + POVER
[ Seri es MOSFET] GN\D GND + POVER
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3)

As described in the [Pull down Reference] keyword section, the |-V tables
of the [Pullup] and the [ POANER Cl anp] structures are 'Vcc rel ative'
using the equation: Vtable = Vcc - Voutput.

For exanple, a nodel with a 5 V power supply voltage should be
characterized between (0 - 5) = -5V and (5 + 5) = 10 V;, and a nodel with
a 3.3 V power supply should be characterized between (0 - 3.3) = -3.3 V
and (3.3 + 3.3) = 6.6 V for the [Pulldown] table.

When tabul ati ng output data for ECL type nmodels, the voltage points must
span the range of Vcc to Vcc - 2.2 V. This range applies to both the
[Pul lup] and [Pull down] tables. Note that this range applies ONLY when
characterizing an ECL output.

These vol tage ranges nust be spanned by the IBIS data. Data derived from
| ab measurenents nay not be able to span these ranges as such and so may
need to be extrapolated to cover the full range. This data nust not be
left for the sinulator to provide.

Ranp Rat es:

The following steps assune that the default |oad resistance of 50 ohnms is
used. There may be nodels that will not drive a |oad of only 50 ohns
into any useful level of dynamics. |In these cases, use the sem conductor

vendor's suggested (nonreactive) | oad and add the | oad subparaneter to
the [ Ranp] specification.

The ranp rate does not include packagi ng but does include the effects of
the C conp paraneter; it is the intrinsic output stage rise and fall tine
only.

The ranp rates (listed in AC characteristics below) should be derived as
fol |l ows:

a. If starting with the silicon nodel, renove all packaging. |f starting
with a packaged nodel, performthe neasurenents as outlined bel ow
Then use whatever techniques are appropriate to derive the actual
unl oaded rise and fall tines.

b. If: The Mdel type is one of the follow ng: CQutput, I/O or 3-state
(not open or ECL types);
Then: Attach a 50 ohmresistor to GND to derive the rising edge
ranp. Attach a 50 ohmresistor to PONER to derive the
falling edge ranp.

If: The Model _type is Qutput ECL, I/OECL, 3-state_ ECL;
Then: Attach a 50 ohmresistor to the ternination voltage
(Vterm= VCC - 2 V). Use this |load to derive both the
rising and falling edges.

If: The Model type is either an Open_sink type or Open_drain type;
Then: Attach either a 50 ohmresistor or the sem conductor vendor
suggested term nation resistance to either POAER or the
suggested term nation voltage. Use this |oad to derive both
the rising and falling edges.

If: The Model _type is an Open_source type;
Then: Attach either a 50 ohmresistor or the seni conductor vendor
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suggested term nation resistance to either GND or the
suggested term nation voltage. Use this |oad to derive both
the rising and falling edges.

Due to the resistor, output swings will not nake a full transition as
expected. However the pertinent data can still be collected as
fol |l ows:

1) Determine the 20% to 80% vol tages of the 50 ohm swi ng.
2) Measure this voltage change as "dV'.
3) Measure the anmpbunt of tinme required to make this swing "dt".

Post the value as a ratio "dv/dt". The sinulator extrapolates this
val ue to span the required voltage swing range in the final nodel.

Typ, Mn, and Max nust all be posted, and are derived at the sanme
extrenes as the |-V tables, which are:

Ranp rates for CMOS nodel s:

typ = typical voltage, typical tenp deg C, typical process
mn = mni mum vol tage, max tenp deg C, typical process, mnus "Y%
max = maxi num voltage, min tenp deg C, typical process, plus "Y%W

Ranp rates for bipolar nodels:

typ = typical voltage, typical tenp deg C, typical process
mn = mnimumvoltage, mn tenp deg C, typical process, mnus "Y%W
max = maxi mum voltage, max tenp deg C, typical process, plus "Y%

where nonminal, mn, and max tenp are specified by the sem conductor
vendor. The preferred range is 50 deg C nom O deg C nmin, and
100 deg C mex tenperatures.

Note that the derate factor, "Y%, nmay be different than that used for
the 1-V table data. This factor is sinmlar to the X% factor described
above. As in the case of |-V tables, tenperatures are junction

t enper at ures.

During the |-V neasurenents, the driving waveform shoul d have a
rise/fall time fast enough to avoid thermal feedback. The specific
choice of sweep tinme is left to the nodeling engi neer

4) Transit Tinme Extractions:
The transit tine parameter is indirectly derived to be the val ue that
produces the sane effect as that extracted by the reference neasurenent

or

ref erence sinul ation.

The test circuit consists of the follow ng:

a)

b)
c)

d)

A pul se source (10 ohns, 1 ns at full duration ranp) or equival ent and
transitioning between Vcc and 0 V,

A 50 ohm 1 ns long trace or transm ssion |ine,

A 500 ohmtermnation to the ground clanp reference voltage for TTgnd
extraction and to the power clanp reference voltage for TTpower
extraction (to provide a convenient, mnimm]loading 450 ohm- 50 ohm
di vi der for high-speed sanpling equi pment observation of the conponent
denoted as the device under test), and

The devi ce under test (DUT).

DUT with [ GND Cl anp]
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5)

|
0---/\/\/\--0 )---0--]<
|

10 ohns Z0 = 50 ohm | \ |
TD = 1 ns |
EYAVAYARS
| 500 ohm Load for Probing
vVece ---\  a-e-- \ |
\ \ o] [--\
oV \------ \ / V- - -
|| \oomme oo /
1 ns [ <----------- >|
1 ns, 10 ohm Choose TTgnd that matches the neasured
Sour ce Si gnal delay with the IBI'S nodel simulation delay

Exanpl e of TTgnd Extraction Setup

The TTgnd extraction will be done only if a [GND Cl anp] table exists. A
high to low transition that produces a positive "glitch", perhaps severa
nanoseconds | ater indicates a stored charge in the ground clanp circuit.
The test circuit is sinulated using the conplete IBI'S nodel with C_conp
and the & nodel defined under the [TTgnd] and [ TTpower] keywords. An
effective TTgnd val ue that produces a "glitch”" with the sane delay is
extract ed.

Simlarly, the TTpower extraction will be done only if a [ POAER Cl anp]
table exists. A lowto high transition that produces a negative
"glitch", perhaps several nanoseconds |ater indicates a stored charge in
the power clanp circuit. An effective TTpower value that produces a
glitch with the same delay is extracted

It is preferred to do the extractions with the package paraneters
renoved. However, if the extraction is done from neasurenents, then the
package nodel should be included in the IBI'S based simulation

Series MOSFET Tabl e Extractions:

An extraction circuit is set up according to the figure below. The
switch is configured into the "On' state. This assunes that the Vcc
voltage will be applied to the gate by internal logic. Designhate one pin
of the switch as the source node, and the other pin as the drain node.
The Table Currents designated as Ids are derived directly as a function
of the Vs voltage at the source node as Vs is varied fromO to Vcc. This
voltage is entered as a Vgs value as a consequence of the relationship
Vtable = Vgs = Vcc - Vs. Vds is held constant by having a fixed voltage
Vds between the drain and source nodes. Note, Vds > 0 V. The current
flowing into the drain is tabulated in the table for the corresponding Vs
poi nts.

| >
Ry [--->---mmmem- - +
d | _____ | - s |+ |
--+-- Vgs S T ST psppa
| 9 + | Sweep | | Vs + |
| Vs | | Fixed Vds|
S T T g
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| - |
G\D G\D

Exanpl e of Series MOSFET Tabl e Extraction

It is expected that this data will be created from sem conductor vendor
proprietary silicon nodels, and |ater correlated with actual conponent
measur ement .
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