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IBIS Macro Language Reference Manual

I/O Buffer Information Specification Macro Language (IBIS‑ML)

Language Reference Manual Version 0.6G.

The IBIS Macro Language is a standard language suitable for modeling the analog characteristics of a digital integrated circuit.  The IBIS Macro Language is intended for use in conjunction with the ANSI/EIA-656 IBIS Standard.

The following files are archived at the end of this document:

John Angulo’s prototype for BIRD 62.

Lynne Green’s prototype for external nodes and differential model.

A sub-section summarizing open items.

consistency questions:

1) which components can depend on the voltage across their terminals

(minutes of last meeeting were inconsistent on this):

r, c, l, vsource, isource, vcontrolled, icontrolled

which components can depend on the current through their terminals:

r, c, l, vsource, isource vcontrolled, icontrolled
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1/7/02 - Lynne Green

Added new syntax rule #5, instance name must be unique within its scope.

Section 5 - should parser issue Warning if node ‘0” is on an instance?

Section 5 updated, based on Dec minutes.

Still need updated descriptions for components (Driver, Sample&Hold, Delay, Trigger)

Section 6 ready for first review.  Reorganized and rewritten, based on updates to Sections 2-5.

Should Section 6 preceed Section 5, to make Section 5 more “readable”?

12/11/01 - Lynne Green

 -- Node 0 is now a “global” node consistently.

 -- Put in Arpad’s markups (general cleanup of Section 5 for typos, clarity, consistency).

 -- Added a paragraph in beginning of Section 5 to emphasize why to use GND inst4ead of 0 for nodes.

 -- Removed dependence on current through an element for passive sources in descriptions, to be consistent with the table.

 -- Is RLGC matrix for full length, or add Len value for multi-conductor tline?

12/4/01 – Lynne Green

 -- Added State variable and Time and Frequency to section 3.2.

 -- Updated the doc headers.

 -- Updated tables 1, 2, 3 in Section 5.2, removed reference to tlines and subckt.

 -- Items from minutes of meeting of 11/29.

 -- Revised Section 5.0, merged in contents of former section 5.2.

 -- Is “Generic” now “Parameter”?

 -- What is max length of unique instance name (16, 32, 64, …)?

11/29/01 – Lynne Green

  -- Rewrite of Section 5.2, integrating remaining items from Stephen’s drafts.

  -- Modified 5.3.1: added I(V) back in

  -- Modified 5.3.8.

  -- Added Stephen’s draft for new section, 5.4.

  -- Wrote description for delay element.

11/10/01 – Lynne Green

 -- Rev 0.6b

 -- Replaced Section 4.3 with Stephen’s latest version.

 -- Added description of trigger, alarm, and driver primitives.

 -- Cleanup of tline sections.

11/1/01 – Lynne Green

-- Cleanup page headers.

-- Fixed references to the EIA standard.

-- Replaced first example with Stephen’s update.

-- Added one item to typographical convention.

-- Cleanup pass on Section 5.3 and examples.

10/30/01 – Lynne Green

-- Rev 0.6

-- Incorporated Stephen Peters’ updates.

-- Addressed items from last week’s minutes.

-- Updated numbering where it was broken.

-- Added section 3.3 on Engineering Notation

-- Added Section 2.3, Backwards Compatibility.

-- Section 3.1 – specified Courier font for examples.

-- Major rewrite of Section 5, esp 5.2 & 5.3.

10/29/01 – Stephen Peters

 -- Rev 0.5a

 -- Updated headers to say Rev0.6

 -- Added “Generic” to list of terms.

 -- Corrected CAE to EDA in section 2

 -- Uppercased “M” in Model_type, throughout document

 -- Added Table3, section 4, summarizing what’s allowed in expression for each element type

 -- Added ‘G’ conductance to resistor element

 -- Condensed Table1 & Table2 into one, section 5

 -- Swapped sections 5.2 & 5.3.

 -- Defined base units for Frequency and Time (note 8 in general syntax rules)

 -- Removed ‘then’ from if-then-else in chapter 4

 -- Updated element descriptions to allow for current control

 -- Updated controlled source description to remove control node list

10/18/01 – Lynne Green

Rev 0.4a

‑‑ Syntax rules: Changed Syntax Rule from “expressions” to “between a pair of opening and closing parentheses”.  Added rule for recognizing the end of a macro language statement.

‑‑ Changed “define” to “assign”.  (Difference between C_comp and other symbolic values?)

‑‑ Added “subparameter” and “parameter” as distinct terms in Definitions section.

‑‑ Removed last remaining mention of “predefined constants”.

‑‑ Added [End Define Model] to examples.

Major rewrite of chapter 6, including adding BNF and examples for each component type.

10/17/01 – Lynne Green

  ‑‑ Rev 0.4

  ‑‑ Split section 1 into 2 sections, based on Stephen’s draft, updated section numbering to match

  ‑‑ Removed stand‑alone [Define] Section (will be covered in main IBIS spec)

  ‑‑ Cleanup of syntax based on committee meeting of Oct 11.

  ‑‑ Modified Section 3, added Stephen’s stuff, removed reference to all pre‑defined constants.

  ‑‑ Need to fix all examples, if we agree on “typographical conventions”.  Courier for examples also recommended, along with italics.

10/9/01 – Lynne Green

  ‑‑ Rev 0.3c

  ‑‑ Added format for tlines.

  ‑‑ Cleanup of Sections 2, 4‑5.2, based on committee meeting of Oct 4.

  ‑‑ Put Section 3: The Define Keyword, back in.

  ‑‑ Turned autonumbering on for the sections.  Regenerated TOC.

09/7/01 – Lynne Green

  ‑‑ Rev 0.3b

  ‑‑ Removed references to IBIS‑X specifically, replaced with reference to IBIS or EIA/IBIS specification.

  ‑‑ Complete rewrite of Section 2, based on Stephen’s draft & committee comments.

  ‑‑ Rewrite of section 3.1.

  ‑‑ Rewrite of section 3.2 (first model example).

  ‑‑ Cleanup up expression and table formatting.  Fixed case for Time, Temperature, Frequency.
  ‑‑ Still need format for tlines, consistent use of Courier for ML statements.

08/31/01 – Lynne Green

  ‑‑ Rev 0.3a

  ‑‑  Merged Sections 1 and 2.

  ‑‑ Removing things not specific to the macro language.   (Moved this stuff to new Section for now.)

08/10/01 – Lynne Green

  ‑‑ Rev 0.2c

  ‑‑ Updated primitives list and formats, based on meeting of 7/31/01

  ‑‑ Created text in Section 6.

  ‑‑ Section 3: Started a list of reserved words.

  ‑‑ Section 9: Started a list of “Future Extensions”.

  ‑‑ Examples and explanatory text still need to be checked for consistent Case use.

06/19/01 – Stephen Peters

  ‑‑ Rev 0.2b

‑‑ Add some basic formatting, sections 7 and 8 work

‑‑ Start on section 5, still very much work in progress

11/15/2000 ‑‑ Stephen Peters

‑‑ Initial Revision 0.1
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This section gives a general overview of the rest of the document.

Section 2 contains general information about the IBIS Macro Language (IBIS‑ML) and its relationship to IBIS.  Section 3 presents the general syntax rules and guidelines for creating an IBIS‑ML file.

The formal specification of IBIS‑ML follows in sections 4 through 8.  Section 4 presents a general overview of the language while section 5 describes the circuit elements and nodal netlist syntax.  Section 6 concerns itself with expressions.  IBIS‑ML control keywords and circuit building control constructs are detailed in section 7.  Finally, section 8 discusses data types and the rules for creating and using the data templates in the IBIS models.

Section 9 describes items that were discussed, and that may be addressed in future versions.  These items are not part of the 1.0 IBIS Macro Language Version 1.0 specification.
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This document is the language reference manual (LRM) for the IBIS Macro Language (IBIS‑ML).

The purpose of the IBIS macro language is to give model providers the ability to specify how an EDA tool (specifically, a circuit or transmission line simulator) is to use the data contained in an IBIS file.  In other words, the macro language allows a model provider to create a behavioral level description of a digital I/O buffer’s operation.  An IBIS‑ML description, together with the IBIS data template, is used to electronically transport I/O buffer model data between semiconductor vendors, simulation vendors, and end customers.  
Background

Current EDA tools developed specifically for signal integrity simulation and analysis apply a set of well-defined and understood data to standard simulation algorithms.  These algorithms, in turn, are based on a standard I/O buffer model topology.  In other words, it has been assumed that the I/O buffers used for digital logic can be abstracted to a set of controlled voltage and current sources connected in a more‑or‑less fixed manner.  Given this fixed model, the user needed only to supply specific data for each I/O buffer.  This data consists primarily of the DC I/V (output voltage vs. current) characteristics, plus V/T (output voltage vs. time) waveforms that describe an outputs transition from one state to another.  In addition, other "data book" type information is included to allow for system-level timing analysis and error checking.

The original IBIS specification was the first industry standard method for electronically transporting I/O buffer modeling data.  However, while the original IBIS specification has obtained wide industry acceptance, it has become increasingly clear that the original paradigm of data applied to a fixed model is no longer able to fully meet the needs of the industry.  This is due to a number of issues, some of which are: 

· The increasing complexity of I/O buffers

· The advent of new signaling technologies

· Simulation methodologies that require describing the input‑to‑output relationships of a digital receiver, and finally

· The need to accurately model the effects of on‑die power distribution, return paths, and pin to pin coupling on an IO pin's behavior.

Therefore, the extended I/O Buffer Information Specification (IBIS) is proposed, along with the IBIS‑ML macro language.  

Relationship between IBIS and IBIS‑ML

One of the fundamental concepts behind IBIS is the separation of data and algorithm.  I/O buffer modeling data is contained in an IBIS file proper, while (as described above) the algorithm(s) that operated on the data were encoded in an EDA tool and could not be changed by the user.  Now, with the definition of IBIS‑ML, this separation of data and algorithm becomes explicit.  IBIS data files contain model data – simulation data as well as ‘data book’ specifications – while the corresponding IBIS‑ML file defines the behavior and usage of models (and other objects) that are referenced in the IBIS file.  Note that both types of files are still considered ‘IBIS’ files and both use the ‘.ibs’ extension. 

Backwards Compatibility

IBIS traditionally strives to maintain backwards compatibility.  Support for older IBIS models will be provided through a library of IBIS‑ML templates.  The templates will be made using the [Define Model] keyword.

========================================================================
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This section contains general syntax rules and guidelines for IBIS‑ML files as well as definitions of common terms and a list of reserved words.  The document’s typographical conventions are also explained.

Typographical Conventions For Examples

Examples and code fragments used in this document follow these typographical conventions:

Verbatim text
Shown in lowercase.  Must be entered exactly as shown. 

italics
Indicates a placeholder.  Substitute a literal (string or word).

<italics>
Brackets indicate that the enclosed literal or word is optional.

<item | item> 
A single vertical bar indicates a choice between the items within the brackets.

Examples and code fragments are shown in a Courier font to make them stand out from the body of the text.

Definition of Terms

symbolic constant
A symbolic constant is a placeholder in an IBIS‑ML expression that when evaluated is replaced by a value supplied by a [Model] sub‑parameter, table, expression, or keyword, having the same name as the symbolic constant.

circuit element
One of the primitive elements (resistor, capacitor, etc.)  used to build more complicated circuits.

element
Same as circuit element.

Generic
A generic is a scalar variable in a [Model]. 

[Model]
refers specifically to the IBIS notion of a model, as defined by the IBIS keyword, its syntax and usage.

simulation object
A [Model] and its associated [Define Model], representing a circuit topology (such as a buffer topology) and the information describing the circuit elements (that is, their values).

Symbol
Declared names, including model names, model types, instance labels, etc.

State variable
A state variable is any variable that is “remembered” from one simulation state (time-step or frequency-step) to the next.  State variables include Time, Frequency, and Temperature.  Tools may choose to keep additional state variables, such as node voltages.

Time and
Interpretation of these two state variables depends on analysis type.

Frequency
The state variable "Frequency" applies only for AC analysis, and is set to zero for time-domain use.  "Time" applies only for transient analysis, and is set to zero for frequency-domain use.

Whitespace
Whitespace consists of one or more of these characters: space, tab, carriage return, and linefeed.  One or more whitespace characters may be used anywhere that whitespace is allowed.  (Note that an IBIS data template allows only the characters space and tab as whitespace, since data templates and data files follow the IBIS 3.2/4.0 convention.)

Scope
A [Define Model] or [Model] section within an IBIS file.

Engineering Notation

The following suffixes are supported for engineering notation.  Note that engineering notation is case-sensitive, so 2M=2e6 and 2m =2e-3.

	Suffix
	Multiplier

	p
	e-12

	n
	e-9

	u
	e-6

	m
	e-3

	none
	none

	k
	e+3

	M
	e+6

	G
	e+9

	T
	e+12

	
	


Anything following the engineering suffix is ignored when reading a number.  Thus 1.23k, 1.23kOhms, and 1.23kFarads are all the same as 1.23E3.
Syntax Rules

Unless overridden by a rule stated below, IBIS‑ML shall follow the general syntax rules and guidelines as stated in the latest ANSI/EIA-656 IBIS Standard.

1) When creating an IBIS‑ML file, all lines that occur before the opening keyword or after the [End] keyword shall be treated as comments and ignored by the parser.  The intent of this rule is to facilitate the inclusion of HTML tags, revision control headers, etc. at the beginning of the file.

2) An IBIS Macro Language statement ends with the beginning of the next reserved word, element name, or language operator (other than inside an expression), or the closing parenthesis of an expression.

3) Comments are not allowed between a pair of opening and closing parentheses, whether the parentheses are on the same or different lines of the IBIS‑ML file.

4) Symbols must be defined before they are used, and a symbol may only be defined once within its scope.  Specifically, a model_type must be defined before it can be used by a [Model] keyword.

5) Each instance name must be unique within its scope.  The parser shall report an error if the same instance name is used twice within a [Define Model] section.

6) The following rules govern reference directions for elements and nodes:

a. All currents are considered positive if they are into an element pin.

b. Voltages can only be measured between pairs of nodes.

c. The voltage between a pair of nodes is measured as the first node relative to the second node.  The value will be positive if the first node is at a higher potential than the second node, and negative if the first node is at a lower potential.

+‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑+

‑‑‑‑‑‑‑‑‑‑|       Component         |‑‑‑‑‑‑‑‑‑‑‑‑‑

+‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑+

node1                                            node2

i(node1) ‑‑‑>                             <‑‑‑ i(node2)

         +    v(node1,node2)       ‑

7) All instance labels must begin with a letter, and shall consist only of alphanumeric characters and the underscore (_).  Node names shall be either numbers or else an alphanumeric beginning with a letter, and underscores are permitted.  An alphanumeric node name shall not begin a number.  An alphanumeric name may begin with an underscore.

8) The first ?? characters of each instance labels must be unique within its scope.

9) The nodes POWER and GND are local to the element where they are used.  An EDA tool is required to convert these local node names if necessary to prevent conflict with the tool’s global node names.

10) The node “0” may be used by an EDA tool as a global ground.  It is recommended that models avoid use of node “0”.

11) All base units are SI (Volts, Ohms, Amperes, Farads, Henrys, seconds, Hertz, centigrade).  The base units of the simulator state variables Time and Frequency are seconds and Hertz respectively, while Temperature is in centigrade.  Length units may be in any units (such as inches, mils, meters, or cm) as long as the same units are used throughout a model.

Reserved Words

The following words have specific meanings within the context shown and are therefore considered reserved words.  These words shall not appear on the left hand of an ‘assign’ statement or otherwise be redefined.

Language operation:
||, &&, ==, !, !=, foreach, if, else, end, while, assert, trigger, inherit, node, select, case, export, assign

Circuit elements:
resistor, capacitor, inductor, vsource, isource, vcontrolled, icontrolled, tline, delay, trigger, alarm, driver

Mathematical operators:

delay, sin, cos, tan, asin, acos, atan, exp, exp10, log, log10

Simulator state variables:
Time, Temperature, Frequency

Netlist operators:

OPEN, SHORT

Circuit parameters:

Z0, Td, Len, R, L, G, C, V, I, RLGCmatrix

Note: Because these words are reserved, they are case‑insensitive.  The capitalization shown is the preferred convention.

========================================================================
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Introduction

IBIS‑ML is a macro language utilizing a nodal based syntax similar to that used for traditional circuit simulator.  As with traditional circuit simulators, the user builds a circuit that represents (mimics) the behavior of an I/O buffer (or other simulation object) by interconnecting independent and dependent sources, resistors, capacitors, inductors, etc.  However, unlike a traditional nodal circuit representation, the circuit description itself does not contain explicit values for the circuit elements.  Instead, the circuit description is a template, with the actual values of the circuit element supplied by the tables and sub‑parameters of the IBIS file [Model] keyword.  Another way to say this is that the template is parameterized; with the actual values for the parameters supplied by the IBIS file [Model] keyword.  

IBIS‑ML also contains programming constructs (such as if‑else, select‑case) and other directive constructs, which are required for support of existing IBIS data structures and model options.  These constructs tell the EDA tool how to use the data in the model (that is, what data types and/or topological constructs to include in the model).  These programming constructs allow the EDA tool to examine the data in the IBIS data file and then build an object’s netlist based on the values found.

Creating new Model_types Using the [Define] Keyword

The IBIS‑ML allows a user to create a behavioral description of an I/O buffer.  To do this, there must be a way to incorporate these new I/O buffer model types into the list of Model_types recognized and supported by the IBIS standard.  This is accomplished by the use of the [Define] keyword (in full, the [Define “class name”] keyword).  In brief, this keyword allows the user to declare new Model_types and describe their behavior using IBIS‑ML constructs.  Once a new Model_type is made visible to the standard IBIS data template (either by including the [Define] keyword in the IBIS file itself or bringing it in via some include mechanism), the new Model_type joins the list of Model_types that can be referenced by a [Model] keyword.  This is illustrated further in the example of section 4.3.

Note:  The [Define “class name”] keyword is actually a general‑purpose mechanism for creating new ‘classes’ of simulation objects as well as new ‘types’ of objects within a class.  However, for the purposes of this introduction section the [Define] keyword can be thought of as simply a way to create new model types.  
A Buffer Example

Following is an example showing how a new Model_type called 'simple_receiver' might be constructed.  The purpose of this example is to introduce the reader to the syntax and structure of the language as a whole, so that the reader may gain an overall understanding and 'feel' for the language before diving into the details presented in the later sections.

Let's assume that simple_receiver has conventional power and ground clamps plus an optional pullup resistor to the power rail.  The model creator decides that the circuit (behavioral description) will include the clamps, the pullup resistor, and the input pad capacitance.  In addition, to support different types of simulators, the model creator provides the model user with a [Model] sub‑parameter that allows the user to chose between fixed power and ground rail voltages or power and ground voltages supplied through external ports.  The corresponding .ibs data file must then contain I/V curves for the clamps, the value of the pullup resistor, the value of the pad capacitance, and the power rail choice sub‑parameter.
The receiver function described above can be expressed using the IBIS‑ML as follows: 

[Define Model] simple_receiver (vcc, gnd, pad) (UseVoltageRange)

|

| circuit description

capacitor io_cap   (pad gnd)    C=C_comp

resistor  term_res (pad vcc)    R=(R_pullup || OPEN)

icontrolled pclamp (pad vcc)    I=[POWER Clamp] (v(pad,vcc))

icontrolled gclamp (pad gnd)    I=[GND Clamp] (v(pad,gnd))

|

| optionally connects the vcc port to the voltage specified

| by the [Voltage Range] keyword

|

select (UseVoltageRange)

  default yes

  case (yes)

    vsource power_supply (vcc gnd)  V=[Voltage Range]

  end case

  case (no)

  end case

end select

|

|

[End Define Model] simple_receiver

The [Model] keyword contains a set of data specific to an instance of Model_type simple buffer.  For reference, the corresponding IBIS [Model] keyword and data for an instance ‘xyz’ of simple_receiver is as follows:

[Model] xyz

Model_type simple_receiver

|

|

C_comp     3pF  2pF  4pF 

R_pullup   50   47   55

|

|variable        typ   min   max

[Voltage Range]  3.3v  3.0v  3.6v

|

[Power Clamp]

| Volts  I(typ)  I(min)  I(max)

-3.3v    -100ma  -80ma   -120ma

-2.5v

<etc>

|

[Gnd Clamp]

| Volts  I(typ)  I(min)  I(max)

-3.3v    100ma   80ma    120ma

-2.5v

<etc>

As described in this specification, an object definition begins with the [Define “class name”] keyword and is terminated with the [End Define “class name”] keyword.  In this case, the object being defined is of the class ‘Model’, while the class type is ‘simple_receiver’.  The definition of ‘simple_receiver’ includes the optional port list and parameter list.

The IBIS-ML description of the behavior of simple_receiver begins with the line

  [Define Model] simple_receiver (vcc, gnd, pad)(UseVoltageRange)

The [Define Model] keyword informs the EDA tool that a new simulation object (in this case an IBIS [Model] with the Model_type of ‘simple receiver’) is being defined.  This model includes a port list of (vcc, gnd, pad) and the parameter UseVoltageRange.  Note that a Model_type must be defined before it can be used.  In other words, the [Define] keyword that defines a Model_type must appear in the IBIS file before the [Model] keyword that uses that Model_type.  All IBIS-ML descriptions begin with a [Define] keyword.

Note: For a complete description of the [Define] keyword syntax and usage, as well as a definition of object classes and types, refer to the ANSI/EIA‑656 IBIS Standard.
In general, I/O buffer models such as simple_receiver are built from basic circuit elements surrounded by test‑and‑control construct.  Each circuit element has an element name (capacitor), an instance name (io_cap), nodes (pad gnd) and a value (C_comp).  Circuit element values can be symbolic constants (C_comp),  fixed values (3.3v), or tables ([GND Clamp]).  Test‑and‑control constructs test for the existence or value of keywords or sub‑parameters and then alter the circuit description based on the results of the test.

We are now ready to look in detail at each IBIS‑ML statement in the [Define Model] section.  The actual circuit description of simple_buffer begins with the line.

capacitor io_cap  (pad gnd)  C=C_comp

This line instructs the EDA tool to include a capacitor with the name ‘io_cap’ between the nodes ‘pad’ and ‘gnd’ of the [Model] simple_receiver.  The capacitor value is assigned (C=) the value assigned to the symbolic constant ‘C_comp’.  In this example, the sub-parameter ‘C_comp’ under the [Model] keyword supplies the value for the symbolic constant ‘C_comp’ in the [Define Model] section.  In IBIS-ML descriptions, symbolic constants are placeholders for values (strings, numbers, arrays of values, etc.), where the specific values are given in the data section. 

[Model] xyz

Model_type simple_input

.

.

C_comp 3pF  2pF  4pF 

.

.

The next line of IBIS-ML defines a resistor named term_res, between the nodes pad and vcc.

resistor  term_res (pad vcc)  R=(R_pullup || OPEN)

The resistor value is assigned (R=) the value assigned to the symbolic constant ‘R_pullup’, as specified by R= (R_pullup || OPEN).  This is read, “R equals the value of R_pullup or, if the R_pullup sub-parameter is not present in the [Model], then R equals OPEN”, where “OPEN” is an open circuit.  This construct allows a user to specify an optional parameter.

The next line defines a controlled current source named pclamp.  This controlled source represents the receiver’s power clamp diode.

icontrolled pclamp (pad vcc) I=[POWER Clamp] (v(pad, vcc))

The controlled source is connected between the nodes ‘pad’ and ‘vcc’.  The term I= indicates that the source produces a current.  The table name is [Power Clamp].  The table name matches the table name under the [Model] keyword, including the brackets.  The table name is followed by the expression (v(pad,vcc)) which indicates that the voltage between the nodes pad and vcc is used as an index into the [Power Clamp] table.  The expression is enclosed in parenthesis.

The next line describes a second controlled current source.  This is the other clamp, and it uses a different control node pair and a different table from the first clamp.

icontrolled gclamp (pad gnd) I=[GND Clamp] (v(pad,gnd)) 

The next lines of the IBIS-ML description of simple_receiver are a set of select and case statements that implement the optional power supply connections. 

select (UseVoltageRange)

  default yes

  case (yes)

    vsource power_supply (vcc gnd)  V=[Voltage Range]

  end case

  case (no)

  end case

end select

The select-case construct instructs the EDA tool to test the value of UseVoltageRange, then execute the macro language instructions under the case that matches this value.  If no value for ‘UseVoltageRange’ is specified, the default is to execute the instructions for the case value ‘yes’.   ‘UseVoltageRange’ is an ‘attribute’ that the EDA tool sets to value of, usually based on information supplied to by the user.  If the value of UseVoltageRange is yes, then an independent voltage source named ‘power_supply’ is connected between the nodes ‘vcc’ and ‘gnd’.  The independent source is assigned the value of the [Voltage Range] keyword (V=[Voltage Range].  If UseVoltageRange is ‘no’, then the case statements under the choice ‘no’ would be executed.  Because there are no statements under the case value ‘no’, no supply is instantiated and an external network connected to the vcc port supplies model power.  Thus, the model can be powered by either a fixed value from [Voltage Range] or an external supply connected through a power distribution network to the node vcc.

Finally, the [End Define] keyword terminates the description of simple_receiver:

[End Define Model] simple_receiver

IBIS‑ML Library File

The above model description my be included in a complete IBIS file describing a component and package, or a user may collect one or more IBIS-ML descriptions and place them in a stand alone text file with an .ibs extension.  A file of this type is referred to as an IBIS-ML library file.  A library file can be included in another IBIS file by use of the [Include Library] keyword.  As with any IBIS compatible file an IBIS-ML library file must begin with a legal header section (as defined by the IBIS specification) and is terminated with the [End] keyword.  Between the end of the header section and the [End] keyword are the [Define]/[End Define] keywords for each object defined as well as the IBIS-ML statements themselves.  With the exception of the keyword [Comment Char], a library file may not contain any keywords associated with a component or package section.

For reference, following is a tree diagram outlining the contents of a IBIS-ML library file.  Both the required and optional keywords of the header sections are shown.  The [Define “class name”]/[End “class name”] keyword pair is repeated for each new model defined.

/-- Start of File

|-- Optional comment text

|-- [IBIS Ver]

|-- [File Name]

|-- [File Revision]

|-- [Date]

|-- [Source]

|-- [Notes]

|-- [Disclaimer]

|-- [Copyright]

| 

| /--[Define “class name”]

| |-- IBIS-ML statements 

| \--[End Define “class name”]

|

\--[End]

========================================================================

========================================================================

Section 5 

B A S I C   C I R C U I T   E L E M E N T S

========================================================================

========================================================================

This section of the LRM describes the basic circuit elements (primitives) that can be used in a [Define Model] template to create a model topology (behavioral circuit description).  This section also describes the nodal syntax used for interconnecting circuit elements into behavioral models

The primitive elements include the traditional resistance, inductance, capacitance, independent and controlled source elements, and transmission lines.  By allowing these elements to be described using tables and equations as well as traditional values, this set of elements can support all IBIS constructs.

Note that the SI system of units (Volts, Amperes, Ohms, Farads, Henrys, seconds) is used for base units in the IBIS specification.  Length (Len) values may use any units, as long as the same length units are used throughout a model statement.

Ground conventions: The two nodes “GND” and “0” are not equivalent.  “0” is a global node, defined to be exactly 0.000 Volts.  “GND” is a local ground pin, which may have a non-zero voltage due to noise on the power/ground distribution system (referred to as ground bounce or delta-I noise).  Using “GND” allows an EDA tool to connect an element (component) pin to a power/ground distribution system, while using “0” forces the EDA tool to connect that pin directly to the global ground.

The parser will generate a Warning if node “0” is used on any element instance.

Two-terminal Circuit Elements

Table 1 below lists the two-terminal circuit elements, along with a brief description of each.  For each element, the value may be an expression or table involving constants, symbolic values, voltages between nodes, branch (element pin) currents, Temperature, Time, and/or Frequency.  A table may have one or more dimensions.  An expression is a mathematically valid expression, as described in Section 6.  Controlled sources may depend on one or more voltages and/or currents.

Table 1 – Circuit Elements

	Element Name
	Description

	resistor 
	R = value (constant, expression, or table)

	capacitor 
	C = value (constant, expression, or table)

	inductor 
	L = value (constant, expression, or table)

	vsource (voltage source)
	V = value (constant, expression, or table)

	isource (current source)
	I = value (constant, expression, or table)

	vcontrolled 
	V = value (constant, expression or table)

	icontrolled 
	I = value (constant, expression or table)


5.1.1.  Instantiating Two-terminal Circuit Elements

The syntax for instantiating (using) a two-terminal circuit element in a circuit description is:

element_name instance_name (node1 node2) symbol=value
where:

element_name
The name of the element, as shown in Table 1 above.

instance_name
Label for a particular instance of the element.

node1
The first node for the instance.

node2
The second node for the instance.

Symbol
Symbol for value type, as shown in Table 2 below.

Value
The value for the symbol.

element_name is the name of the element, as shown in Table 1 above.  The instance_name is used to uniquely label a particular instance of the element.  There must be whitespace between the element_name and the instance_name.  The element name and instance name are both required.

The instance name must be unique within the [Define Model] block containing the instance.

Following the instance_name is the required node list (node1 node2), which specifies which two circuit nodes the element is connected to, within the instance_name’s scope.  A comma and/or whitespace is required between the nodes of a node list.  The parentheses around the list are required, and whitespace must be used before the “(” and following the “)”.

Node lists are position sensitive.  That is, the instantiation is created by assigning node1 of instance_name to the first node in the element primitive and node2 to the second.

Finally, the element’s symbol is assigned a value.  This assignment is shown as symbol=value, where symbol is one of the following:

Table 2 – Value symbols

	Value is a:
	Symbol to use

	Resistance
	R

	Capacitance
	C

	Inductance
	L

	Voltage
	V

	Current
	I


The equals sign (=) between the symbol and the value is required.  Whitespace may be used on either or both sides of the ‘=’ character.  The ‘=’ is followed by the value, which may be constant, a symbolic constant, a table name with an argument list, or an expression.

Note that there are limitations on using expressions (equations) to describe an element’s value.  Depending on the kind of element, an expression may or may not be allowed to reference either its own or external node voltages or branch currents.  For specific details, refer to Table 3 below as well as the detailed description for each element.  The simulator state variables are Time, Frequency, and Temperature.

In Section 6, there is a detailed description of how a value can be defined using numeric constants, symbolic constants, tables, and expressions.

Table 3 – Element Expression Rules

	Element is a:
	Expression can include

	
	Simulator state variables
	Voltage across this element
	Current through this element
	Voltage across other nodes in current scope
	Other branch currents in current scope

	Passive Element
	Yes
	Yes
	Yes
	No
	No

	Independent Voltage Source
	Yes
	No
	No
	No
	No

	Independent Current Source
	Yes
	No
	No
	No
	No

	Controlled Voltage Source
	Yes
	No
	Yes
	Yes
	Yes

	Controlled Current Source
	Yes
	Yes
	No
	Yes
	Yes


5.1.2. resistor

A resistor element is a two-terminal circuit element that represents the ratio of voltage across its terminals to the current through the element (R=V/I).  Units are Ohms.  A resistor element is instantiated in a circuit description as follows:

resistor instance_name (node1<,> node2) R=value

where:

resistor
Element type.

instance_name
The name of this particular instance of resistor.

node1 node2
The two connection node names.

R
Symbol.

value
The value (resistance) of the element, ratio of V/I.

A resistor element’s symbol (R) may be assigned a fixed value, the value of a symbolic constant, a value resulting from a table lookup, or the results of an expression.  The expression may be a function of time, temperature, frequency, or the voltage across the element’s terminals.

Examples:

resistor R12 (nodeA nodeB)   R=3.3K

| fixed value

resistor my_pullup (pad vcc) R=pullup

| symbolic constant

resistor lkup_r (A B) R=[PD Table] (v(A,B))
| table lookup

resistor lkup_r2 (A B) 

R=[MyTable] (V(A,B), Temperature)
| 2D table lookup

resistor r_ramp (n5 n6) R=(Time*1kOhm)

| expression

5.1.3. capacitor

A capacitor element is a two-terminal circuit element whose value of capacitance is the ratio of the current through the element to the rate of change of voltage across the element’s terminals, C = I/(dV/dt).  Units are Farads.  

A capacitor element is instantiated in a circuit description as follows:

capacitor instance_name (node1<,>node2) C< >=< >value

where:

capacitor
Element type.

instance_name
The name of this particular instance of capacitor.

node1 node2
The two connection node names.

C
Symbol.

value


The value (capacitance) of the element.

A capacitor element’s symbol (C) may be assigned a fixed value, the value of a symbolic constant, a value resulting from a table lookup, or the results of an expression.  The expression may be a function of time, temperature frequency.

Examples:

capacitor C12 (nodeA nodeB) C=3.3pF

| fixed value

capacitor padcap (pad vcc)  C=C_comp
  
| symbolic constant

capacitor lkupC (A B) C=[C Value] (v(A,B)) 
| table lookup 

capacitor lkupC2 (A B) 

C=[MyTable] (V(A,B), Temperature)
| 2D table lookup 

capacitor ramp_c (n5 n6)   (C=Time*1pF)
| expression
5.1.4. inductor

An inductor element is a two-terminal circuit element whose value of inductance is the ratio of the voltage across the element’s terminals to the rate of change of current through the element, L=V/(dI/dt).  Units are Henries.

An inductor element is instantiated in a circuit description as follows:

inductor instance_name (node1<,>node2) L= value

where:

inductor
Element type.

instance_name
The name of this particular instance of inductor.

node1 node2
The two connection node names.

L
Symbol.

value


The value (inductance) of the element.

An inductor element’s symbol (L) may be assigned a fixed value, the value of a symbolic constant, a value resulting from a table lookup, or the results of an expression.  The expression may be a function of time, temperature or frequency, or the current through the element.
Examples:

inductor C12 (nodeA nodeB) L=3.3nH         | fixed value

inductor padl (pad out)    L=L_pkg         | symbolic constant

inductor lkup_L (A B) L=[L Value] (v(A,B)) | table lookup

inductor lkup_L2 (A B) 

L=[MyTable] (V(A,B), Temperature)  | 2D table lookup

inductor ramp_l  (n5 n6)   L=(Time*1nH)    | expression
5.1.5. vsource

A vsource element is a two-terminal circuit element representing an independent voltage source.  The voltage (potential difference) between the terminals of vsource is referenced from the first pin to the second pin.  Units are Volts.  The sign convention is shown here:

node1 >‑‑<vsource>‑‑> node2

  +           Voltage           ‑

A vsource element is instantiated in a circuit description as follows:

vsource instance_name (node1<,>node2) V= value

where:

vsource
Element type.

instance_name
The name of this particular instance of vsource.

node1 node2
The two connection node names.

V
Symbol.

value


The value (source voltage) of the element.
A vsource element’s symbol (V) may be assigned a fixed value, the value of a symbolic constant, or the results of an expression.  The expression may be a function of time, temperature or frequency. 

Examples:

vsource V_123 (node1 node2) V=3.3v

| fixed value

vsource pwr (vcc gnd) V=Vcc


| symbolic constant

vsource lkup_v (A B) V=[Vcc Table] (Time)
| table lookup

vsource lkup_v2 (A B) 

V=[MyTable] (V(A,B), Temperature)

| 2D table lookup

vsource vramp (n5 n6)  V=(Time*2mV)

| expression
5.1.6. isource

An isource element is a two-terminal circuit element representing an independent current source.  The positive current is into the element’s pin 1.  Units are Amperes.  The sign convention is shown here:

node1 >‑‑<isource>‑‑> node2

Current ‑‑‑‑>

An isource element is instantiated in a circuit description as follows:

isource instance_name (node1<,>node2) I=value

where:

isource
Element type.

instance_name
The name of this particular instance of isource.

node1 node2
The two connection node names.

I
Symbol.

value


The value (source current) of the element.
An isource element’s symbol (I) may be assigned a fixed value, the value of a symbolic constant, or the results of an expression.  An expression may be a function of time, temperature or frequency.

Examples:

isource I_123    (node1 node2) I=3.3mA

| fixed value

isource I_source (vcc pad) I=I_bias

| symbolic constant

isource lkup_i (A B) I=[Icc Table] (Time)
| table lookup

isource lkup_i2 (A B) 

I=[MyTable] (V(A,B), Temperature)

| 2D table lookup

isource iramp (n5 n6)  I=(Time*2mA)

| expression

5.1.7. vcontrolled

A vcontrolled element is a two-terminal circuit element representing a controlled voltage source.  The output voltage can be a function of other voltages and/or branch currents in the same model (scope) as the controlled source, time, temperature, or frequency.  Units are Volts.  The sign convention is shown here:

node1 >‑‑<vcontrolled>‑‑> node2

  +           voltage_out           ‑

A vcontrolled element is instantiated in a circuit description as follows:

vcontrolled instance_name (node1<,>node2) V= value

where:

vcontrolled
Element type.

instance_name
The name of this particular instance of vcontrolled.

node1 node2
The two connection node names.

V
Symbol.

value


The value (source voltage) of the element.

A vcontrolled element’s symbol (V) may be assigned the value of a constant, a symbolic value, a table, or the result of an expression.  An expression may be a function of temperature, time, or frequency.  an expression may be a function of the voltage across zero, one or more pairs of nodes in the model (scope), and/or the current through zero, one or more element pins in the model (scope), including its own current.

The voltage must not depend on the voltage across the vcontrolled element instance.  The voltage is allowed to depend on the vcontrolled element’s current: i(instance_name.node1).

Note that using an independent source will usually result in faster simulation run times.  So if the source does not depend on any mode voltages or branch currents, it is preferred to use a vsource element.

Examples:

vcontrolled lkup_V (A B) V=[Vcc Table] (V(1,2))
| table lookup

vcontrolled V_vs_I (5 6) V=[Table A](i(r1.a))
| table lookup

vcontrolled lkup_i2 (A B) 

V=[MyTable] (V(C,D), Temperature)
      | 2D table lookup

vcontrolled Vramp (n5 n6) 

V=(Time*V(1,2) + zscale*i(r1.a))


| expression
5.1.8. icontrolled

An icontrolled element is a two-terminal circuit element representing a controlled current source.  The output current is a function of other voltages and/or branch currents in the same model (scope) as the controlled source, time, temperature, or frequency.  Units are Amperes.  The sign convention is shown here:

node1 >-‑<icontrolled>‑‑> node2 

Current ‑‑‑‑>

An icontrolled element is instantiated in a circuit description as follows:

vcontrolled instance_name (node1<,>node2) V= value

where:
icontrolled
Element type.

instance_name
The name of this particular instance of icontrolled.

node1 node2
The two connection node names.

I
Symbol.

value


The value (source current) of the element.

An icontrolled element’s symbol (I) may be assigned the value of a constant, a symbolic value, a table, or the result of an expression.  An expression may be a function of temperature, time, or frequency.    An expression may be a function of the voltage across zero, one or more pairs of nodes in the model (scope), and/or the current through zero, one or more element pins in the model (scope).

The current must not depend on the current through the icontrolled element instance.  The current is allowed to depend on the icontrolled element’s voltage V(node1,node2).

Note that using an independent source will usually result in faster simulation run times.  So if the source does not depend on any mode voltages or branch currents, it is preferred to use an isource element.

Examples:

icontrolled lkup_I (A B) I=[Vcc Table] (V(1,2))
| table lookup

icontrolled I_vs_V (5 6) I=[Table B](i(r1.a))
| table lookup

icontrolled lkup_i2 (A B) 

I=[MyTable] (V(C,D), Temperature)

| 2D table lookup

icontrolled Vramp (n5 n6) 

I=(Time*I(r1.a) + zscale*V(1,2))

| expression

Multi-terminal Circuit Elements

Table 4 below lists circuit elements with multiple terminals (pins), along with a brief description of each.  Some of the elements, such as the tline, have a variable number of pins.

These elements may have more than one symbol.  When there is more than one symbol, symbol value pairs may appear in any order.  Some symbols are restricted to “constants”. that is, the symbol value must not depend on any of state variable (Temperature, Time, Frequency), or anything that depends on these variables.

Table 4 – Multi-Pin Circuit Elements

	Element Name
	Description

	tline 
	transmission line, with or without loss

	delay
	ideal time-delayed voltage source

	driver
	controlled transition between operating states

	sample_and_hold
	senses node voltage, pin (branch) current or state variable (time, temperature, frequency); toggle between sample and hold states

	trigger
	event detection (used to control sample_and_hold)

	alarm
	event detection for message passing (no effect on simulation)


5.1.9.  Instantiating Mutli-terminal Circuit Elements

The syntax for instantiating (using) a multi-terminal circuit element in a circuit description is:

element_name instance_name (node1 node2 ...) symbol1=value1

 <symbol2=value2 ... >
where:

element_name
The name of the element, as shown in Table 4 above.

instance_name
Label for a particular instance of the element.

node1
The first node for the instance.

node2 …
The second and additional nodes for the instance.

symbol1, symbol2,…
Symbols, as shown in Table 5 below.

value1, value2,…
The value for the corresponding symbol.

element_name is the name of the element, as shown in Table 4 above.  The instance_name is used to uniquely label a particular instance of the element.  There must be whitespace between the element_name and the instance_name.  The element name and instance name are both required.

The instance_name must be unique within the [Define Model] block containing the instance.

Following the instance_name is the required node list (node1 node2 ...), which specifies which circuit node each pin of the element is connected to, within the component’s scope.  A comma and/or whitespace is required between the nodes of a node list.  The parentheses around the list are required, and whitespace must be used before the “(”  and following the “)”.

Node lists are position sensitive.  That is, the instantiation is created by assigning node1 of instance_name to the first node in the element primitive, node2 to the second, and so forth.

Finally, each symbol for ther instance is assigned a value.  This assignment is shown as symbol=value, where symbol is one of the following:

Table 5 – Value symbols for Multi-Terminal Elements

	Value is a:
	Symbol to use

	Length
	Len

	Resistance per unit length
	R

	Capacitance per unit length
	C

	Inductance per unit length
	L

	Characterisitc impedance
	Z0

	Delay time
	Td

	RLGC table or file
	RLGCmatrx

	sample_and_hold (Tsample?)
	trigger name

	sample_and_hold(Thold?)
	trigger name

	?? for “driver” element
	TBD


The equals sign (=) between each symbol and its value is required.  Whitespace may be used on either or both sides of the ‘=’ character.  The ‘=’ is followed by a value, which may be constant, a symbolic constant, a table name with an argument list, or an expression.

Symbol=value pairs may be used in any order on an instance.

Note that there are limitations on using expressions (equations) to describe an element’s value.  For specific details, refer to Table 6 below as well as the detailed description for each element.  The simulator state variables are Time, Frequency, and Temperature.

In Section 6, there is a detailed description of how values can be defined using numeric constants, symbolic constants, tables, and expressions.

Table 6 – Element Expression Rules

	Symbol:
	Expression can include:

	
	Constant
	Simulator state variables and/or Expression and/or Table 
	Trigger
	Voltage and/or Current and/or Simulator state variables
	RLGCmatrix

or s-parameter matrix

	Length
	Yes
	No
	No
	No
	No

	Resistance per unit length
	Yes
	No
	No
	No
	Yes

	Capacitance per unit length
	Yes
	No
	No
	No
	Yes

	Inductance per unit length
	Yes
	No
	No
	No
	Yes

	Characteristic impedance
	Yes
	No
	No
	No
	No

	Delay time
	Yes
	No
	No
	No
	No

	Trigger (Boolean?)
	Yes
	Yes
	Yes
	Yes
	No

	sample&hold

Output value
	Yes
	Yes
	No
	Yes
	No

	sample&hold (Tsample?)
	Yes
	No
	Yes
	No
	No

	sample&hold (Thold?)
	Yes
	No
	Yes
	No
	No

	?? for “driver” element
	TBD
	TBD
	TBD
	TBD
	TBD


5.1.10. tline

A tline element is an N-terminal circuit element representing one or more transmission lines.  There are three different formats for instantiating transmission line elements.  All three can be used for single-conductor transmission lines, but only one of them can be used for multi-conductor lines.

Single-conductor tline elements are used to describe a single, uncoupled transmission line.  The “Z0” format is used only for lossless lines.  The “RLGC” and matrix formats can be used for both lossless and lossy single-conductor transmission lines.  A tline that describes a single conductor always has exactly four nodes.

The maxtrix format can be used to describe a single transmission line, or a set of coupled or uncoupled transmission lines.  The matrix-format tline element can contain an arbitrary number of transmission lines.

The matrix format is required for modeling more than one transmission line as a single element.  Coupling between transmission lines can be modeled when they are part of the same tline element.

An tline element is instantiated in a circuit description as follows:

tline instance_name (node1<,> node2<,> ...) symbol1=value1<,> ...

where:

tline
The name of the element.

instance_name
Label for a particular instance of the element.

node1
The first node for the instance.

node2 …
The second and additional nodes for the instance.

symbol1
A symbol, as shown in Table 5.

value1
The value for the corresponding symbol.

The element name (tline) and the instance name (instance_name) and the node list (node1 node2 ...) are all required.  The node list must contain at least four nodes.

At least one symbol=value pair is required for an instance.  The list of required and optional symbol=value pairs depends on the tline format being used.

The format for each type of transmission line is described in detail below.

5.1.10.1. Single-conductor transmission line

A lossless single-conductor transmission line is described using a tline element with the parameters Z0, Td and Len.  The RLGC description can be used for a lossless line (R=0, G=0), or for a line with series resistance (R>0) and dielectric losses (G>0).

The node list of a single-conductor tline element must have exactly four nodes: the input node of the conductor, the input reference node, the output node of the conductor, and the output reference node.  The two reference nodes must have the same DC potential (typically 0V).

The “Z0” format allows description of lossless or “ideal” transmission lines.  The RLGC format can be used to describe lossy as well as lossless transmission lines.  The RLGCmatrix can be used to describe one or more transmission lines.

5.1.10.2. Single-conductor transmission line (Z0 format)

The “Z0” format for a lossless single-conductor tline element is instantiated in a circuit description as follows:

tline instance_name (in1<,>ref1<,>out1<,>ref2) 

Z0=value<,> Td=value<,>Len=value

where:

tline
Element name.

instance_name
The name of this particular transmission line instance.

in1
Input signal node.

out1
Output signal node.

ref1
Reference node for input node.

ref2
Reference node for output node.

Z0
The transmission line’s characteristic impedance.

Td
The transmission line’s propagation delay per unit length.

Len
The transmission line’s length, same length units as Td.

value
The value of that symbol (Z0 or Td or Len), either a constant value or a symbolic constant.  The value can not be an expression or table.

The “Z0” format requires exactly four nodes in the node list.    The two reference nodes must have the same DC voltage.

All three symbol=value pairs are required.  Each symbol=value pair is separated by a comma and/or whitespace and can be listed in any order.

5.1.10.3. Single-conductor transmission line (RLGC format)

A lossy or lossless single-conductor transmission line can be described using the physical properties of resistance, capacitance, conductance, and inductance per unit length.  The advantage of this description over using Z0 and Td is that series (conductor) and shunt (conductance) losses can be included.  

The “RLGC” format for a single-conductor tline element (with or without loss) is instantiated in a circuit description as follows:

tline instance_name (in1<,>ref1<,>out1<,>ref2) 

Len=value<,>L=value<,>C=value<,><R=value><,><G=value>
where: 

tline
Element name.

instance_name
The name of this particular transmission line instance.

in1
Left-side or input signal node.

out1
Right-side or output signal node.

ref1
Reference node for input node.

ref2
Reference node for output node.

Len
The transmission line’s length.

L, C
Inductance and capacitance per unit length (required).

R, G
Resistance and conductance per unit length (optional).

value
Value of that symbol, either a constant value or a symbolic constant.  The value must not be an expression or table.

The “RLGC” format requires exactly four nodes in the node list.  The two reference nodes must have the same DC voltage.

The symbol=value pairs for Len, C and L are required.  The R and G symbol=value pairs are optional.  Each symbol=value pair is separated by a comma and/or whitespace and can be listed in any order.

5.1.10.4. Single conductor tline examples

Following are three examples.  All three describe the same transmission line that is five inches long, with a characteristic impedance of 62 Ohms and a propagation delay of 200 psec per inch.  Because Td and RLGC are given per unit length, the three descriptions all result in the same total delay through the transmission line.

| Example 1, Td in seconds/inch, Len in inches:

tline example1 (in gnd out gnd) Z0=62, Td=200ps, Len=5

|

| Example 2, Td in sec/meter, Len in meters:

tline example2 (in gnd out gnd) Z0=62, Td=7874ps, Len=0.127

|

| Example 3, RLGC format, Len in inches:

tline example3 (in gnd out gnd) Len=5, L=12.4nH, C=3.23pF

5.1.10.5. Multi-conductor transmission line

A multi-conductor transmission line is described using an RLGC matrix.  This matrix allows the user to fully describe the transmission line segment, including coupling between conductors.  The RLGCmatrix symbol points to an RLGC matrix contained either in the current .ibs file or in an external .ibs file.

The format for a multi-conductor transmission line (with or without loss) is instantiated in a circuit description as follows:

tline instance_name (inl<,>in2<,><... inN><,>ref1<,>
out1<,>out2<,><... outN<,>ref2) RLGCmatrix< >=< >matrix_name
where:

tline
Element name.

instance_name
The name of this particular transmission line instance.

in1, in2,etc.
Left-side or input signal node(s).

out1, out2,
Right-side or output signal node(s).

ref1, ref2
Reference node for left-side and right-side nodes, respectively; these two nodes must have the same DC potential (typically 0V).

RLGCmatrix
Symbol.

matrix_name
Name of an RLGC or s-parameter matrix in this ibis file or in the data file, or else the complete path and file name of separate matrix file.

The “matrix” format requires an even number of nodes in the node list.  There must be at least four noes.  There must be the same number of “left-side” or “input” nodes as there are “right-side” or “output” nodes. 

There is one reference node for the “input” each group of signal nodes and one reference node for the “output” nodes.  The two reference nodes must have the same DC voltage.

The RLGCmatrix symbol is required.  The matrix_name must be one of the following:

· the name of an RLGC matrix contained in the IBIS [Model].

· the filename of the file containing the RLGC matrix.

· the name of an  s-parameter matrix in the IBIS [Model].

· the filename of the file containing the s-parameter matrix.

The number of nodes and the matrix size required to describe a set of transmission lines is as follows:

· N transmission lines and an ideal reference plane (nodes ref1 and ref2 are the same): the tline element has 2N+2 nodes and the matrix has N rows and N columns.

· N transmission lines and a non-ideal reference plane (nodes ref1 and ref2 are not the same): the tline element has 2N+2 nodes and the matrix has N+1 rows and N+1 columns.

· 3 transmission lines and an ideal reference plane: the tline element has 8 nodes and the matrix has 3 rows and 3 columns.

· 3 transmission lines and a non-ideal reference plane: the tline element has 8 nodes and the matrix has 4 rows and 4 columns.
The matrix requirements for keywords, formats, options, and use of external files are described in the IBIS Connector Specification.
5.1.11. sample_hold

A sample_hold element can be used to sample and hold the value of any node voltage, branch current in the same scope (circuit), time, temperature, or frequency based on an event or condition.  (???)  Thus, it can be used to control time dependent actions, such as sensing the occurrence of an event (e. g. a voltage crossing a threshold value or a state change) and then trigger an action to occur (e. g. causing an I/O buffer to change its operating state).

sample_hold elements are instantiated in a circuit description as follows:

sample_hold instance_name output=expression1 input=expression2 <transparent: expression3 | frozen: expression4> IC=<transparent | frozen>
Where:

sample_hold
Element name.

instance_name
The name of this instance.

output
The symbol which defines how the output is handed over to the rest of the circuit or model.  The expression here could define a symbolic variable name which can be used in any other expression, or node name which can be used as part of the circuit, in which case this element is treated similar to a controlled source.

input
The symbol which defines what the input to be sampled is.  The expression here could define any of the system variables, such as time, temperature, or frequency, or a pair of node names or a branch current.

transparent, frozen
Symbols which evaluate logic expressions to true or false (i.e. Boolean expression).  Two types of expressions are allowed, level sensitive (using regular algebraic and/or Boolean operators), or edge sensitive (using a special operator described ???later???).  If the expression is level sensitive, only one of these two symbols are allowed.  If the evaluation of the transparent symbol is true, the element acts transparently, i.e. the value of its output will equal the value on the input.  If the result is false, the element will freeze and hold the value that was present on its input at the moment when the expression became false.  If the evaluation of the frozen symbol is true, the element acts frozen, i.e. the value of its output will hold the value that was present on its input at the moment when the expression became true.  If the result is false, the element will become transparent and its output will have the same value as its input.  If the expression is level sensitive, both symbols must be used.  A true value from the transparent expression will determine when the element turns transparent, and a true value from the frozen expression will determine when the element freezes.  In the edge triggered mode expressions changing from true to false will not cause any changes in the behavior of the element.

IC
The symbol that defines the initial condition of the element, which lasts until the first event occurs.  The default value is transparent.

Two special operators are introduced for the purpose of edge triggered expressions.  For a falling edge trigger one can use #n\, and for a rising edge trigger one can use #n/.  The ‘#’ sign is used to eliminate the confusion of the divide and the rising edge meaning of the ‘/’ (forward slash) sign.  The ‘#’ is also used for the falling edge ‘\’ (backward slash) for consistency.  The ‘n’ before the slashes represent a number that determines how many transitions the observed signal has to make before the expression will evaluate to a logic true, having a default value of ‘1’.  For detecting a last transition, n can have a value of ‘inf’ for infinite.  In this case the last transition that occurred before the event that triggered the opposite state’s expression will be used.

A useful application of the sample_hold element is to start and/or shift a waveform table.  To do this the output of the sample_hold element can be variable name which appears as part of the expression that forms the index into a waveform table.  The following example shows how the time axis of the four V-t curves of a CMOS buffer can be generated with the sample_hold element using Vinh and Vinl as the threshold values:

Example:

sample_hold PU_on_trigger output=(T_pu_on) input=(time) transparent: (V(pad) #1\ Vinh) frozen: (V(pad) #1/ Vinh) IC=transparent

sample_hold PU_off_trigger output=(T_pu_off) input=(time) transparent: (V(pad) #1/ Vinh) frozen: (V(pad) #1\ Vinh) IC=transparent

sample_hold PD_on_trigger output=(T_pd_on) input=(time) transparent: (V(pad) #1/ Vinl) frozen: (V(pad) #1\ Vinl) IC=transparent

sample_hold PD_off_trigger output=(T_pd_off) input=(time) transparent: (V(pad) #1\ Vinl) frozen: (V(pad) #1/ Vinl) IC=transparent

vsource  v_pu_on  (pu_on,gnd)  V=[Rising Waveform](Time–T_pu_on)

vsource  v_pu_off (pu_off,gnd) V=[Falling Waveform](Time–T_pu_off)

vsource  v_pd_on  (pd_on,gnd)  V=[Falling Waveform](Time–T_pd_on)

vsource  v_pd_off (pd_off,gnd) V=[Rising Waveform](Time–T_pd_off)

In the above example, the input to the four trigger elements is the simulation time.  Each one of them is watching the voltage on the node named ‘pad’.  The first element will hold the value of time frozen in its output variable ‘T_pu_on’ when the pad voltage goes above the value of ‘Vinh’, and keep it that way until the pad voltage goes below ‘Vinh’.  (Note that the same exact functionality could also have been achieved with the level sensitive syntax).  The controlled voltage source called ‘v_pu_on’ uses the Rising Waveform table from an IBIS file.  The time controlling value for the table is calculated so that whenever the sample_hold element is transparent, the time is zero, and whenever the sample_hold element becomes frozen, the time value begins to increase as the simulation time progresses.  The remaining three sample_hold and vsource elements operate the same way to obtain the timing for the pullup turning off, pulldown turning on and pulldown turning off.  (Note that we still need to find a way to reference the appropriate waveform tables from the IBIS file.  Currently there is no known mechanism to define which one of the many rising or falling waveforms the expression shown above is referring to.)

5.1.12. trigger

A trigger activates time dependent actions.  This element is used to sense the occurrence of an event (such as a voltage crossing a threshold value or a state change).  The output of the trigger can be used in expressions.

Used to provide a time-offset in a table.  Sample and hold?

It does this by propagating the time of an event.  Triggers are instantiated in a circuit description as follows:

Trigger instance_name sample_value event_input sample_input (trigger_expression)

Where:

trigger

Element name.

instance_name
The name of this instance.

sample_value
The value of the trigger.

trigger_expression
An expression that evaluates to true or false (i.e. Boolean expression)

While expression is false, sample = sample_input

While expression is true, sample = sample_input at the time expression changed state

Must be able to toggle repeatedly (not a one-shot)

DC (initial) state is False.

Separate trigger for true and false conditions?  Rising or Falling?

The value of a trigger is obtained by evaluating the trigger_expression.  The parentheses around the trigger expression are required.  While the trigger expression is false, the value of a trigger is undefined and any expression involving the trigger should evaluate to zero.  When the trigger expression changes from false to true, the trigger assumes the value of the current simulation time (i.e. it becomes defined), and an expression involving the trigger can be evaluated.  The trigger value remains fixed at this time until the trigger expression evaluates to false, at which time it reverts back to undefined.

<What happens when the trigger returns to False??>

Triggers are generally used to start and/or shift a waveform table.  To do this the trigger_name is used as part of the expression that forms the index into a waveform table.  See the following example:

Example:

trigger TR (Logic(control) == 1)

trigger TF (Logic(control) == 0)

.

vsource v_up (pad, vcc) V=[Ramp Up] (Time – TR)

vsource v_dn (pad, gnd) V=[Ramp Dn] (Time – TF)

In the above example, there are two trigger elements:  TR and TF. Trigger TR is activated with the logic node ‘control’ is equal to the value ‘1’ and trigger TF is activated when the node ‘control’ is 0.  

These triggers are part of the expressions that forms the indexes into the tables [Ramp Up] and [Ramp Dn].   Assume that the node control is initialized to a zero.  Because no state change has occurred, the value of trigger is undefined and the expressions (Time – TR) and (Time – TF) are zero.  When control is changed to ‘1’, a state change has occurred.  The value of TR becomes the current simulation time, and as simulation time is advanced the table [Ramp Up] is processed.  When control is changed to a ‘0’, trigger TR goes back to undefined, trigger TR is defined and the table [Ramp Dn] is processed.

5.1.13. alarm

An alarm sends a notice when something happens.  It is similar to a trigger, except no action is taken by the model.  Instead, a message is issued to the simulator, which decides what action to take.

This sends an alarm (notification or message) when some event happens in the circuit.  It is intended to show conditions like overvoltage crossings or other events to the user.  

Tools can evaluated an alarm either during simulation or as a post-processing step.

Assert works at compile (checks values supplied in data file), while Alarm works at run time (checks simulation values).

alarm instance_name note|warning|failure (expression||0)

Expression must evaluate to a Boolean.  When expression evaluates to TRUE, an alarm is issued.
5.1.14. driver

The "driver" behavioral element is used to control how a model transitions from one operating state to another.  For example, it can be used to control how an I/O buffer switches between driving and 2state operation, or between driving high and driving low.

----------------------------------------------

Syntax


driver <name> (<nodes>) (<attribute list>)

----------------------------------------------

BNF

driver_value :    

| 'S1' '=' table_1



| 'S0' '=' table_1



| 'V1' '=' scalar



| 'V0' '=' scalar



| 'T10' '=' table_2



| 'T01' '=' table_2



| 'R10' '=' fraction



| 'R01' '=' fraction

driver_attrib_list : driver_attrib_list driver_value


| /* nothing */

driver instance_name (pin gnd pullup_refnode pulldown_refnode enable t01 t10) 
attributes_list

where:

tline
Element name.

instance_name
The name of this particular transmission line instance.

pin
The pin whose operating state changes.

gnd
Local ground node.

pullup_refnode
Pullup node.
pulldown_refnode
Pulldown node.
enable
Enable signal node.
t01
Switching high trigger node.
t10
Switching low trigger node.

driver Udrv (pin gnd pullup_ref pulldown_ref tr tf en) (


S1 = [Pullup](-V),  S0 = [Pulldown](V),


T10 = [Falling_Waveform](T-TF,*) || [Ramp]dv/dt_f,


T01 = [Rising_Waveform](T-TR,*)  || [Ramp]dv/dt_r,


V1 = [Pullup_Reference] || [Voltage_Range],


V0 = [Pulldown_Reference] || 0 )

trigger TR
(Logic(control) == 1)
trigger TF
(Logic(control) == 0)

----------------------------------------------

Description

The "driver" changes operating state, and changes the tables or expressions used to generate waveforms, when triggered.  It also provides provided pullup and pulldown in steady state.

There are 7 connections.

1. "pin" -- The output of the driver.

2. "gnd" -- A ground reference.  This is not the same as pulldown_ref.

3. "pullup_ref" -- The node to which the pullup is connected, which is usually the power supply, possibly through a net.

4. "pulldown_ref" -- The node to which the pulldown is connected, which is usually ground, possibly through a net.

5. "en" -- enable -- A logic value input.  The device in enabled when this is true.

6. "t01" -- 0 to 1 trigger.  -- A trigger, which when activated begins the transition from state 0 to state 1.  (also known as "rising trigger")

7. "t10" -- 1 to 0 trigger.  -- A trigger, which when activated begins the transition from state 1 to state 0.  (also known as "falling trigger")

The equivalent circuit is:

                       S1           S0

(pullup_ref||V1)---/\/\/\---+---/\/\/\---(pulldown_ref||v0)

                              |

                            (pin)

The attributes are:

S1: The I/V table for the pullup.

S0: The I/V table for the pulldown.

V1: The standard value for the reference for S1 (pullup reference)

V0: The standard value for the reference for S0 (pulldown reference)

T10: A family of waveform tables for the transition,


state 1 to state 0. (falling waveform)


T01: A family of waveform tables for the transition,


state 0 to state 1. (rising waveform)

R10, R01: Alternative waveform specification as ramp.

<T01/T10 conflict with t01/t10.  Can we make this clearer by changing a name somewhere??>

----------------------------------------------

Uses in IBIS 3.2

This is a representation of the waveform generator used in most IBIS files.

----------------------------------------------

Implementation notes

It is intended that this could be preprocessed into the equivalent circuit shown above, where both resistors are nonlinear and time dependent.  The output of the preprocessor could be a family of I/V tables, representing snapshots in time.  A simulator could implement it at run time, which might be more efficient.  All existing IBIS simulators have the algorithms for this device, which are necessary for 2.1 compliance.

There can be any number of tables for T10 and T01, specifying the waveform with different loads.  The actual output will be a composite of all of them, attempting to approximate a best fit.

----------------------------------------------

Example

  driver Udrv (pin gnd pullup_ref pulldown_ref en t01 t10) (


S1 = [Pullup](-V),  S0 = [Pulldown](V),


T10 = [Falling_Waveform](T-TF,*), R10 = [Ramp]dv/dt_f,


T01 = [Rising_Waveform](T-TR,*),  R01 = [Ramp]dv/dt_r,


V1 = [Pullup_Reference] || [Voltage_Range],


V0 = [Pulldown_Reference] || 0 )

This describes the typical use in IBIS 2.1 and later.

----------------------------------------------

----------------------------------------------

5.1.15. delay

A delay element is a combination of an ideal voltage srouce and an ideal transmisison line.  The voltage at the element’s output nodes equals the voltage at the element’s input nodes, delayed by the time delay Td.

delay elements are instantiated in a circuit description as follows:

delay instance_name (node1<,>node2<,>node3<,>node4)

Td<>=<>value

where:
delay
Element type.

instance_name
The name of this particular instance of delay.

node1, node2
The two input node names.

node3, node4
The two outnput node names.

Td
Symbol.

value


The value of the time delay, either a fixed value or a symbolic

constant.  Value must be greater than 0.

The relationship between the input and output node voltages is

V(node3, node4) @(time=t1) = V(node1, node2) @(time=t1-Td)

For (t1-Td<0), 

V(node3,node4) = V(node1, node2) @(time=0).

Examples:

delay delay_v1 (1,gnd,2,gnd) Td=5nsec

delay test_10n (a, b, c, d) Td = 10n
Assigning Values To An Element

The value assigned to a element can be expressed in a number of ways. The value may be an explicit value (a constant), a symbolic constant, a value derived from a table lookup, or an expression made up of any or all of the above.  This section explains the syntax and details of expressing component values.

5.1.16. Constant 

A numeric constant is an explicit numeric value.  An engineering or scientific exponent and the units can follow the numeric value, as shown in the examples below: 

Examples:

resistor RA  (nodeV nodeW) R=1234ohms    | integer

resistor RB  (nodeX nodeY) R=1234.0ohms  | floating point

resistor R12 (nodeA nodeB) R=1.234kohms  | engineering notation

resistor R34 (nodeC nodeD) R=1.234e3ohms | scientific notation

5.1.17. Symbolic Constant

A symbolic constant is a placeholder for a value that is filled in by the data contained in an IBIS [Model], where the name of the placeholder matches the name of a keyword or sub-parameter in the [Model]. The IBIS-ML parser shall signal an error if a symbolic constant is used in the circuit description but the corresponding sub-parameter or keyword is not present in the [Model].

In the first example, the symbol ‘C_comp’ is a symbolic constant, and its value is that of the sub-parameter ‘C_comp’ in the IBIS [Model].  In the second, the symbolic constant matches the IBIS keyword [Voltage Range].  When a keyword is used as a symbolic constant the square brackets are considered part of the name of that keyword.

Examples:

capacitor C12 (pad gnd) C=C_comp

vsource v_supply (vcc gnd) V=[Voltage Range]

5.1.18. Table

Elements can be assigned the result of table lookup, using the syntax shown below. 

Symbol= table_name (index_expression,<variable= index_expression,>…)

where:

Symbol


the unit symbol part of an element instantiation

table_name

the name of the table in the [Model]

variable

selects which table in a multi-dimensional table

index_expression
expression that evaluates into a table lookup value 

The table_name must match one of the tables in the associated [Model], including any square brackets.  The index_expression is used as an index into the first column of the named table.  The entire index expression must be surrounded by parenthesis.

How are tables inteprolated?

Example: table has temperature columns for -225, 0, 25, 100.  What to do at T=75?  Nearest

 table is not adeuqate.

Examples:

Example 1:

icontrolled gc (pad gnd) (pad gnd) I=[GND Clamp] (v(pad, gnd))

In the above example, the voltage between the nodes ‘pad’ and ‘gnd’ is used to look up the corresponding value in the table [Gnd Clamp].

A multi-dimensional table is actually a set of tables that share the same table name.  As described in section 9.3, each table in the set includes a unique name=value pair that is used to distinguish one table in the set from another. Because there are multiple tables, a multi-dimensional table requires multiple index expressions.  As with a single table, the first index expression listed provides the index into each table while subsequent index expressions select which table out of the group of tables to use.  Note that the second and subsequent index expressions must assign a value to an explicitly named variable. Each index expression is separated by a comma and/or whitespace.

Example 2:

   icontrolled NMOS (drain source) (drain gate source) 

I=[FET Curves] (v(drain source),Vgs=v(gate source))

Assume that an IBIS [Model] contains a muli-dimensional table [FET Curves], where the name=value pair of ‘Vgs’ distinguishes one table in the set from another.   In the above example, the voltage between the nodes gate and source (v(gate source)) selects which [FET Curves] table to use while the voltage between the nodes drain and source (v(drain source)) is assigned to the variable Vgs.  The variable Vgs is used to select the proper table out of the set of [FET Curves] tables.

5.1.19. Expressions

While expressions are covered in detail in section 6, there are some rules on expression use that apply specifically to assigning values to element symbols.

A legal expression may use numbers, symbolic constants, state variables (Time, Temperature, Frequency), voltage between two nodes (such as v(a,b)), pin (branch) currents (such as i(r1.a)), and parameters.  An expression must evaluate to a single value at each time step; the value may be a real or complex number.

The tool is responsible for handling numerical problems such as overflow and underflow;.  Model developers should design models to prevent divide-by-zero problems, and tools should check handle thesein a predictable manner.

An expression is evalauted at the (beginning, end?) of a time step iternation during simulation.

Element expressions may use the following set of operators:

Arithmetic

+ - * /

Trig

sin, cos, tan, asin, arcos, atan

Exponential
exp, exp10, log, log10

Syntax for expressions:

When used, an expression shall be enclosed in parentheses.

The voltage at node1 with respect to the voltage at node2 is expressed as follows:

V(node1 <, |  >  node2)

The letter ‘V’ is followed by the two node names.  The node names are surrounded by parentheses and are separated by a comma and/or whitespace.

Following are some examples showing various types of expressions.

| Assigning an explicit value

resistor r1 (pad gnd) R=10K

| Assigning a scalar symbolic value

capacitor c_output (output gnd) C=C_comp

| Using a simulator state variable in an expression

resistor r1 (pad gnd) R=(10K*(Temperature-273))

| Using a mathematical operation in an expression

vsource sinwave (in gnd) V=(1*sin(2*PI*Frequency))

| Referencing a voltage

capacitor varcap (n1 n2) C=(10pF * 1/10(V(n1,n2)))

| A controlled source example

vcontrolled vc1 (vref gnd) (vcc gnd) V=(V(vcc,gnd)/2)
subcircuit

A subcircuit is a user created circuit that can be instantiated into another, higher level circuit.  Subcircuits are created in much the same way as new Model_types are created -- by use of the [Define] keyword mechanism.  However, in this case the [Define] keyword creates a new subcircuit using the syntax shown below.

[Define Subcircuit] subckt_name (node_list) <(parameter_list)>

|

| IBIS-ML statements

|

[End Define Subcircuit] subckt_name
where:

[Define Subcircuit]

Keyword indicating that a user defined subcircuit is being created

subckt_name


The name of the subcircuit

node_list


List of connection nodes

parameter_list

Optional list of parameters

[End Define Subcircuit]
Keyword that terminates a subcircuit definition

The [Define Subcircuit] keyword marks the beginning of a subcircuit definition. 

The name of the subcircuit is given by subckt_name.

This is followed by a node_list which lists the external connection nodes of the subcircuit.  Whitespace and/or a comma must separate the nodes in the node list, and parentheses are required.

The node list is followed by an optional parameter_list.  The parameter list is surrounded by parenthesis, and each parameter in the list is separated by whitespace or a comma.  Subcircuit definitions are terminated by the [End Define Subcircuit] keyword.

IBIS-ML statements are used to create the circuit description.

All variable and parameter names are local to that subcircuit.

If a subcircuit contains a symbolic constant, the symbolic constant can be assigned a value only if it appears in the subcircuit’s parameter list – i.e. subcircuits cannot read a [Model] directly. 

5.1.20. Instantiating a subcircuit

The syntax for instantiating a subcircuit into a circuit description is similar to instantiating other basic elements.  

subcircuit subckt_name instance_name (node_list) <(parameter_list)>

where:

subcircuit

element name

subckt_name

the name of the subcircuit

instance_name

name of this particular subcircuit instance

node_list

connection nodes

parameter_list
optional list of parameters

The element name ‘subcircuit’ indicates this element is a user defined circuit with the name subckt_name.  These are followed by the instance_name and the node_list.  This is followed by an optional parameter_list, which is enclosed in parenthesis.   The node list is positional (the first node in the node list is connected to the first node defined in the subcircuit definition, the second to the second, and so forth).  

The parameters are not positional; parameters are assigned values using the syntax parameter_name = value.  Parameter_name=value pairs may appear in any order.  Each parameter_name=value pair is separated by whitespace or a comma.

If a parameter is not passed on the instance statement, then that parameter takes on the default value assigned in the [Define Subcircuit] template.  There are no global parameters except the state variables (Time, Temperature, and Frequency). 

The parameter list mechanism allows the user to customize the subcircuit on an instance by instance basis.  Since symbolic values are limited to their local model in scope, except for the pre-defined state variables, all parameters must be explicitly passed when they are to be used in a subcircuit.

========================================================================

========================================================================
Section 6 

E X P R E S S I O N S,   T A B L E S,   A N D  M A T R I C E S

========================================================================

========================================================================
Symbolic Values

An symbolic value is a function that evaluates to a constant numeric value that is known at the beginning of simulation.  A symbolic value (parameter) must be defined before it is used (for example, in determining an element value).  A symbolic value cannot depend on Time, or anything that can change with time.  A symbolic value cannot depend on any node voltages or pin currents.

The format for an symbolic value is assign<label> = <value>.  “define” is the sub‑parameter that tells the system a constant is being defined.  “<label>” is the name for this symbolic value; names must be unique within their scope.  The “=” sign is required before <value>.

The value can be a single number,  a row of numbers, an expression, or a table lookup.  Single numbers follow the same rules as for IBIS 3.2 values, which permits use of engineering and scientific notation.  A row of numbers follows the IBIS 3.2 syntax for sub‑parameters, with columns in the order in typ/min/max/<others?>.  An symbolic value is evaluated mathematically once per simulation.  A table lookup is performed once per simulation.

Examples of symbolic value use:

| a simple value

assign Omega = 3

| a row of values

assign Param2 = 5.5 5.0 6.0

C_comp 2p 1p 3p

| An symbolic value

assign DegreesKelvin = (Temperature + 273)

| table lookup

assign R_pullup = [R_vs_T], Temperature

Symbolic values can be used in expressions, as long as the symbolic value is defined before it is used.

Expressions

An expression is a mathematical expression that is evaluates to a single value.  An expression can depend on Time.  An expression should be evaluated at each time step.

An expression is always preceded by an “=” sign and must be surrounded by parentheses.

An expression may take more than one line.  The end of the expression is when the total number of left parentheses and right parentheses are equal.  If a keyword is encountered before the last right parenthesis, the parser must report an error at the keyword line.

Examples of equations used in determining element values:

  | simple expression

  inductor example3 (1, 2) L=(2.7n + 1.5e‑9)

  | expression used in argument of a table reference

  isource (out_pos out_neg) I = [pullup](V(outpos,outneg))

  | expression using symbolic value and node voltages

  icontrolled (out1 out2) I = (1e‑3*V(inode1,inode2) +

2e‑3*(v(inode2,in3)/VCC)

Tables

A table is two or more blocks of data, with each data block being formatted with one column for the first independent variable (such as buffer pad voltage), and three columns for the output values (typ/min/max) (such as clamp current).  A table can depend on more than one input, in which case the table has one block of data for each additional input value set.

Examples include the I-V and V-T tables defined in IBIS 3.2.

Matrices

Two types of matrices are supported.  RLGC matrices are used for a lumped‑element model, while s‑parameter matrices can be used for both lumped and distributed models.  S‑parameter data can also be obtained from measurement.

RLGC matrices, as defined in the IBIS Connector Specification, may be used for any “lumped” characterization.  In particular, RLGC matrices can be used for tline and connector elements.

S‑parameter matrices are used to represent frequency‑dependent model data.  An s‑parameter matrix can be used for any passive structure, including lumped circuits and distributed elements (such as tline elements).  The matrices must be supplied in Touchstone format, which from available in several field solvers as well as from ATE vector‑network analyzers.  If the Touchstone file is a separate file, it should be formatted as an IBIS‑ML library file, and then included using the [Include Library] keyword.

Coupled inductors can be represented using either RLGC matrix or s‑parameter matrix format.

========================================================================

========================================================================

Section 7 

T E S T   A N D   C O N T R O L   C O N S T R U C T S

========================================================================

========================================================================
This section of the LRM describes the test and control constructs available in IBIS‑ML.  These constructs allow the user to control how the circuit description is processed on read‑in.  For example, the user can tell the EDA tool to check for the existence of specific keywords or sub‑parameters in an object’s IBIS data set, and/or make decisions based on the values of variables.  It is important to emphasize that these test and control statements are evaluated at model read‑in or compile time.  In that sense these control statements are like the preprocessor directives for a standard programming language such as C.

The following test and control statements are available:

	Name
	Short Description

	assert
	display a message based on the results of an expression

	define
	assign a value to a variable

	foreach
	create an array of statements then fill them in with data

	if, else if, else, end if
	test an expression

	inherit
	include a previously defined object into the one being defined

	node
	create an internal node

	select, case
	select a data set or object configuration based on user input

	export
	


The syntax and use of the above statements are defined in sections 7.1 through 7.8 below.

The “assert” Statement

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The "assert" statement evaluates an expression then displays a message if the expression is false.  The assert is evaluated at circuit compile time, prior to simulation.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

assert ( <expression> ) “message”

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

assert: 'assert' '(' expression ')' '"' message '"'

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The assert statement is used to perform checks on the data supplied in the data section of an IBIS data file.  The condition is tested at compile time and an error is issued, with the indicated message, if the condition tested evaluates to false.  The message part of the assert construct is a text string surrounded by double quotes, and is required.  The simulator is not required to continue after a failure, because the data is considered to be defective.

It must be possible to fully evaluate the expression at compile time and the expression must evaluate to a Boolean true or false value.  For a check that is evaluated at run time, see "alarm".

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example 1

In this example assert is used to limit the range of numeric values allowed for the symbolic name ‘Rload’.

  [Define Model] load_resistor (pin gnd)

  resistor Rload (pin gnd) R=Rload

  assert (Rload >= 10)  "Rload too small"

  assert (Rload <= 100) "Rload too high"

  [End Define Model] load_resistor

Example 2

In this example, the string variable ‘Enable’ may have one of two values: “Active‑Low” or “Active‑High”.  All other values are illegal.  The assert statement in the ‘else’ part of the if‑else construct tests ‘Enable’ for the value “Active‑High” and tells the EDA tool to display the message “Enable: illegal value” if the expression (Enable == “Active‑High”) is false.

  [Define Model] xyz

  .

  .

  if (Enable == "Active‑Low")

    subckt invert (en 0 enable_pin) inverter

  else

    assert (Enable == "Active‑High") "Enable: illegal value"

    subckt buffer (en enable_pin) non‑invert

  end if

  .

  .

  [End Define Model] xyz

The “assign” Statement

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The assign statement assigns a value to a symbolic name.  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

assign name = <expression>

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

assign : 'assign' name ‘=’ expression

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The assign statement assigns a value to a symbol.  The assigned value may be a constant or the results of evaluating an expression at compile time.  The expression must be fully evaluated at compile time and the assign statement must occur before the name being defined is used.

Assigns may be used in an expression anywhere a scalar variable or scalar constant may be used.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example 1

In this example the user assigns a constant value to the symbol “default_z”.

  assign default_z = 50

Example 2

Here, the symbol VT is assigned the results of an expression evaluation.

  assign VT = 0.8617087e‑4 * (Temperature+ 273.15) || .026

The “foreach” Statement 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The "foreach" statement operates across an array of statements.  These statements contain variables that are filled in with data from a corresponding ‘foreach’ data array in the IBIS data file. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

foreach <index> in <pointer to data structure in IBIS data file>

  IBIS‑ML statement

  .

  .

  IBIS‑ML statement 

end foreach

or –

foreach <index> in <pointer to data structure in IBIS data file>

  IBIS‑ML statement

  .

  .

  IBIS‑ML statement 

else

  IBIS‑ML statement

  .

  .

  IBIS‑ML statement 

end foreach

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

false_part : 'else' '\n' 


     
statement

foreach : 'foreach' index 'in' key_name '\n'

          statement

          false_part


  'end foreach' '\n'

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The foreach construct iterates across an array of data, allowing the user to place items from the array into statements. The foreach statement is constructed as follows:

A line beginning with "foreach", followed by a symbolic name used as an index, followed by the word "in", followed by a key_name (in the form of an IBIS keyword) that points to an array of data in an IBIS data file.  Note that the array of data is assumed to be formatted as shown in the ‘foreach’ data array description in Section 8.

Any number of IBIS‑ML statements.  These statements include substitution symbols.  Substitution symbols are placeholders for the data from the IBIS data file or for the foreach index variable itself.

An optional "else" section, identical to the "else" section of an "if" statement.

The line "end foreach" terminate a “foreach” construct.

The "else" section introduces a section that is used only when the key_name is not present in that object’s data section.  Note that in the case, the IBIS‑ML statements following the ‘else’ clause may not contain the substitution symbols (e.g. there is no data to substitute).

Substitution symbols are of the general form $<symbol>$ where <symbol> is either the index variable of the foreach statement or an integer that represents the fields in an array of data.  The symbol $0$ represents the first field in a line of data , $1$ represents the next field, and so on.  The substitution symbols may be used in the middle of a string.  Example: Foo$1$Bar.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Uses in IBIS 3.2

"Foreach" arrays are used without an else section to define the array of submodels for the "[Add SubModel]" construction.

They are used with an else section for "[Driver Schedule]".  The else section is used only when there is no "[Driver Schedule]" keyword.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example 1

In this example, a model is created that consists of either an array of parallel resistors and Subcircuits, or a single capacitor ‘C_shunt’.

  [Define Model] parallel (pin gnd)

  foreach iii in [A_Batch_Of_Data]

    resistor R$iii$x (pin a$iii$) R = $1$

    subckt  X$iii$x (a$iii$ gnd) $0$

  else

    capacitor Cx (pin gnd) C=C_shunt

  end foreach

  [End Define Model] parallel

The corresponding [Model] data set is:

  [Model] xyz 

  Model_type parallel

  [A_Batch_Of_Data]

  Model_A   120   slow

  Model_B   176   fast

  [End A_Batch_Of_Data]

  C_shunt 100p

  [End Model] xyz

Applying the foreach construct to the above data set yields:

  resistor R1x (pin a1) R = 120

  subckt   X1x (a1 gnd) Model_A

  resistor R2x (pin a2) R = 176

  subckt   X2x (a2 gnd) Model_B

Note that because the array [A_Batch_Of_Data] exists, the ‘else’ part of the foreach statement was not executed.  Therefore, the netlist does not include C_shunt.

Example 2

Alternately, the above [Model] data set could be as shown below: 

  [Model] abc (pin gnd)

  Model_type parallel

  C_shunt 100p

  [End Model]

This results in an equivalent circuit of:

  capacitor Cx  (pin gnd) 100p

Because the [Model] did not include the keyword [A_Batch_of_Data], there is no resistor or subckt.

==================================================================

The "if" Statement

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The "if" statement, and its companions "else if", "else" and "end if" are used to choose sections of a macro based on the results of a test. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

if (<expression>) 

  IBIS‑ML statements

end if

or –

if (<expression>)

  IBIS‑ML statements

else

  IBIS‑ML statements

end if

or –

if (<expression>)

  IBIS‑ML statements

else if (<expression>)

  IBIS‑ML statements

[else if (<expression>)

  IBIS‑ML statements

 else

  IBIS‑ML statements]

end if

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

false_part : 'else' '\n' net_list


     |  'else if' '(' expression ')' '\n'



net_list



false_part


     | /* nothing */

if : 'if' '(' expression ')' '\n'

     net_list

     false_part

     'end if' '\n'

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The "if" statement is constructed as follows:

1. A line beginning with "if", followed by an expression in parentheses that evaluates to a Boolean true or false at compile time.

2. A "true" section, consisting any number of statements.

3. Zero or more "else if" sections consisting of:

  3a. A line consisting of "else if" and an expression, like statement 1 above.

  3b. A set of any number of statements, like statement 2 above.

4. An optional "else" section consisting of:

  4a. The line "else".

  4b. A set of any number of statements, like statement 2 above.

5. The line "end if" to terminate it.

The selection is done at compile time, along with expression evaluation.  Its behavior is similar to the "#if" preprocessor directive in C.

The "select" statement sets up a named scope; the "if" statement does not.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Uses in IBIS 3.2

This is used wherever decisions are made based on parameters supplied.

1. The phase flip relating to the "Enable" and "Polarity" keys.

2. Determining whether power is supplied internally or externally.

3. Determining whether submodels are applied "driving" or "non‑driving".

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example

==================================================================

The "inherit" Statement

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The "inherit" statement includes another object into the object currently being defined.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

inherit <base type>

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

inherit : 'inherit' literal

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The "inherit" statement brings in another object as a base.  The actual mechanism is a direct text substitution of the statements.  If this inherit statement is the first statement in a [Define] block, and this [Define] block has no port list, the port list is also inherited.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example

First, define a base object.

  [Define Base] base_resistor (pin gnd)

  resistor Rload (pin gnd) R=1k

  [End Base] base_resistor

Now, use the inherit to include this object into ‘driver’.

  [Define Source] driver

  .

  .

  inherit [Base]base_resistor

  vsource Vout (pin gnd) V = [Rise](T‑Trise) || [Fall](T‑Tfall)

  .

  .

  [End Source] driver

This is equivalent to:

  [Define Source] driver (pin gnd)

  .

  .

  resistor Rload (pin gnd) 1k

  vsource Vout (pin gnd) V = [Rise](T‑Trise) || [Fall](T‑Tfall)

  .

  .

  [End Source] driver

The "node" Statement

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The "node" statement declares the existence of a new node.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

node <node list>

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

node_list : node_list node


  | /* nothing */

node : 'node' node_list '\n'

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The node statement declares new (local) nodes that are not declared elsewhere.  It is illegal to declare a node more than once in the same scope.  Used ‘node’ to declare local nodes that are not seen outside, and a node statement is required if a node is not listed in a pin list.  The scope of the node is the object being defined. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example 

  [Define Model] res_cap (pinode1 pinode2)

  node internal

  capacitor (pinode1 internal) 120p

  resistor  (internal pinode2) 1k

  [End Define Model] res_cap

In this case, "internal" is a local node.

The "select" Control Statement

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

The "select" statement is used to choose between sections of a circuit based on a user specified attribute.  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Syntax

select (<attribute name>)

  default = <value>

  case (<value>)

    IBIS‑ML statement

    .

    .

    IBIS‑ML statement

  end case

  .

  .

  [case (<value>)

    IBIS‑ML statement

    .

    .

    IBIS‑ML statement

   end case]

   .

   . 

 end select 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

BNF

default : 'default' '=' literal '\n'


| /* nothing */

case : 
'case' literal '\n'


net_list


'end' 'case' '\n'

case_list : case_list case


| /* nothing */

select : 'select' '(' env_var ')' '\n'


 default


 case_list


 'end select' '\n' 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

The select statement is used to choose a specific internal configuration or behavior of an object, where the choice is based on the value of a user supplied attribute.  This attribute usually represents some external condition or assumption that affects the way an object (or group of objects) behaves.  For example, a SPST switch can be either open or closed, and a model for this switch would include data sets that describe the behavior of the switch in both open and closed cases.  However, the EDA tool needs to know if the switch is to be modeled in the open or closed position (i.e. which description or data set to use).  The select construct is the mechanism by which the EDA tool processing the model selects which data set to use, based on user input.

A “select” statement is constructed as follows:

A line beginning with "select", followed by the name of a user defined attribute, in parentheses.  The attribute name must be in the form of a string variable.  

An optional "default" line specifying which choice to make when the attribute is not defined or passed in.  The default value must be the name one of the data sets associated with that attribute. 

At least one "case" section consisting of:

A line beginning with "case", followed by the name, in parenthesis, of one the data set (i.e. a keyword in the IBIS data file) associated with that attribute.  The value the case clause is testing also identifies the beginning of a scope, which is connected only for this "case".

A list of circuit elements.  Control lines are not allowed, except for "assert" and "inherit".  Others are considered to be errors.

A line "end case".

The "end select" statement terminates the select construct.

It is important to note that the attribute is NOT part of the data set supplied by the IBIS data set.  Rather, the user, usually through the EDA tool interface, supplies the attribute.  The switching is done as part of preprocessing, in the same pass that selects data sets.

The value of the attribute passed in must match one of the listed case values.  If there is a "default" statement, it is legal to not pass in this attribute.  It is an error to specify a value that is not listed.

Note that the "select" statement sets up a named scope; the "if" statement does not.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Uses in IBIS 3.2

This is used to implement the "series switch" model type.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Example

In the example below a model ‘on_or_off’ is defined.  The model has two signal pins and a control attribute "ctrl".  A portion of the circuit is selected by the value of the attribute "ctrl".

  [Define Model] on_or_off (pinode1 pinode2)

  node t1

  resistor Rser (pinode1 t1) R = (R_series || short)

  select (ctrl)

    case "[Off]"

      capacitor C1 (t1 pinode2) C = C_shunt

    case "[On]"

      resistor R1  (t1 pinode2) R = R_shunt

      capacitor C1 (t1 pinode2) C = C_shunt

  end select

  [End Model] on_or_off

The [Model] data section must have an [Off] section and an [On] section.  A scalar "R_series" is optional outside of all [Off] and [On] blocks.  The [Off] block must define a value for "C_shunt".  The [On] block  must define a value for "R_shunt" and "C_shunt".

The two "C_shunt" keys are in different scopes, so the fact that the names are the same is irrelevant.

The [Model] data section in the IBIS data file might look like:

[Model]  switched_load

  Model_type on_or_off

  R_series  10

  [On]

  R_shunt  100

  C_shunt  50p

  [Off]

  C_shunt  100p

  [End Model]

This expands differently depending on the value of the argument "ctrl".  If "ctrl" has a value of "[On]":

  subckt switched_load  pinode1 pinode2

  Rser (pinode1 t1) 10

  R1   (t1 pinode2) 100

  C1   (t1 pinode2) 50p

  ends

If "ctrl" has a value of "[Off]":

subckt switched_load  pinode1 pinode2

  Rser (pinode1 t1) 10

  C1   (t1 pinode2) 100p

  ends

========================================================================

========================================================================

Section 8 

D A T A   T Y P E S

========================================================================

========================================================================
This section of the specification defines the data types available for symbolic names as well as the usage syntax within an IBIS model data section or object description.  In brief, symbolic names are grouped into one of the four allowable data types:  string variables, scalar numeric variables, single tables (single index tables), and table groups (multiple index).  In addition, the following organization structures are available: scopes and "foreach" arrays.

The following sections provide details on these data types and there usage.

Strings 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

This section describes variables with string values

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

A string variable is a variable whose value consists of a string of alphanumeric characters.  The value must begin with an alpha character. A string variable is used primarily in conditional statements in the macro language.  Usually, there are only a few legal values.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Assigning values to string variables (data section usage) 

A string variable and its value must be expressed on one line, with the variable and its value separated by at least one white space.  An equals (=) character between the variable name and its value is optional.  For example,

  Position = OFF

  Polarity non‑inverting

are both legal ways of assigning a value to a string variable.

A string variable that is not defined is considered to be equal to the empty string.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Using string variables in a [Define] section

String variables are most often used in conditionals and asserts.  When comparing or testing the value of a string variable the comparison string is surrounded by double quotes (“ “) as shown below. 

Example:

  if (Position == "OFF")

    .

    .

  else

    assert (Position != "ON") “Illegal value for Position”

    .

    .

  end if

The if statement compares the value of the string variable ‘Position’ with the string “OFF”.  Note the use of the double quotes.  Likewise, the assert statement compares the value of Position with the string “ON”. 

Scalars

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

This section describes variables with scalar numeric values.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

A scalar numeric variable is a variable whose value is a number.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Assigning values to scalar numeric variables (data section usage) 

A scalar numeric variable and its value(s) must be expressed on one line, with the variable and its value(s) separated by at least one white space.  An equals (=) character between the variable name and its value is optional.  For example,

  [Temperature Range] 25C  0C  100C

  R_pullup = 50  

are both legal ways of assigning a value to a scalar numeric variable.

Note that while a scalar numeric variable can have only one value at any one Time, the user may specify several alternate values to assign to the variable.   As shown for the [Temperature Range] variable in the above example, this is done by listing these alternate values in a row on the same line as the variable – i.e. the user constructs an array of data with multiple ‘columns’ but only one row.   Column 0 is the variable name, column 1 is the first variable in the row, column 2 is the next variable in the row, and so on.    

   Note:  The mechanism for selecting which value to use at run time is TBD

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Referencing in a [Define] section

The use of the name of a scalar in an expression is interpreted as to substitute the value.  As an example:

  [Define Circuit] heater (b1 b2)

  resistor R123 (b1 b2) R=[Load]

  capacitor C123 (b1 b2) C=C_comp

  [End Circuit] heater

  [Circuit] xyz

  Circuit_type heater

  [Load] 50

  C_comp 100u

  [End Circuit]

In this example, the value of R123 is 50 Ohms.  C123 is 100 microfarads.

Tables

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

This section describes numeric key‑value tables.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

A numeric key‑value table is a two dimensional array of data consisting of at least two rows and two columns.  For each row of data, the independent variable is placed in the left most column (column 0) while the dependent variable(s) are placed in columns 1, 2 etc.  The data in column 0 is the index for the data in that row. Tables are generally used to define nonlinear transfer functions and points on a waveform.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Constructing tables (data section usage) 

Tables begin with a header identifying the table.  This header is in the form of an IBIS keyword; i.e. [<table name>].  The square brackets surrounding the name are required.

On the line below the header the user my optionally specify the table’s behavior attributes.  There are three behavior attributes; Order, Below and Above.

The construct Order = <integer> specifies how the EDA tool should interpolate between points in a data column.  Legal values for Order are 0, 1, 2 or 3.  1 means use linear interpolation, 2 means use quadratic spline interpolation, while 3 means use cubic spline.  If Order is omitted the EDA tool is free to choose the interpolation algorithm.

The construct Below = <integer> specifies how the EDA tool should extrapolate new data points that lie beyond the most negative value in the data column.  Legal values for Below are 0, 1, and 2.  The value for Below must be less than or equal to Order.  A value of 0 means extend horizontally at the boundary value, 1 means to extend the slope as a straight line, and 2 means to extend the slope and second derivative.  If Below is omitted, the simulator is free to choose the interpolation algorithm.

The construct Above = <integer> specifies how the EDA tool should extrapolate beyond the most positive value in the data column.  Values and rules are the same as for the behavior attribute Below.

Following the behavior attributes the user may optionally specify additional <Name>= <value> pairs.  These additional attributes can be used to group tables into the equivalent of multi‑dimensional tables.  The attributes are interpreted either as an additional index for multidimensional tables, or as data in a scope.

Following the optional behavior and other attributes, the user may optionally place column headings for the following table of numbers.  If used, column headings are of the form <name> where name is an alphanumeric string.  As with the data itself, each column heading must be separated by white space. 

Following the attributes and headers is the data itself.  This is a list of numbers, organized by row and column.  If column headings are supplied, the number of columns must match the number of headings.  The number of columns must be consistent within a table.  The value "NA" indicates that a data point is omitted, but any column must have at least 2 non‑NA values.

A table is terminated by the occurrence of the next keyword – i.e. a line beginning with '[' (left square bracket).  Any attributes, lines of data that are mis‑formed (do not have the proper number of columns), or other constructs that occur between the last line of the table and the first keyword are ignored.

Note: For consistency, it is recommended that the user terminate a table with a keyword of the form [End <table name>].

Except for multi‑dimensional tables (next section), there must be only one table with a particular name.

Following is an example of a table that includes all the optional attributes:

  [Lookup Table 1]

  Order = 1

  Below = 1

  Above = 1

  Resistance = 50

  Volts  I(typ)  I(min)  I(max)

  0        0       0       0

  1        1m      0.9m    1.1m

  2        2m      1.8m    2.2m

  3        3m      2.7m    3.3m

  [End Lookup Table 1]

Here is the same data, placed in a table that uses only the required parts of a table.

  [Lookup Table 1]

  0        0       0       0

  1        1m      0.9m    1.1m

  2        2m      1.8m    2.2m

  3        3m      2.7m    3.3m

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Referencing a table in a [Define] section

To reference a table in an expression, reference it by name, followed by the lookup value in parentheses.

Example:

  [Define resistor] non‑linear (a1 a2)

resistor Rx (a1 a2) R = [RVdata](V(a1,a2))

  [End resistor] non‑linear

The table [Ivdata] gives the value of resistor ‘Rx’ where the value of the argument ‘V’ (in parentheses) is used as an index into column zero of that table.  

The corresponding data section for the above [Define] would be as follows:

  [resistor] R123

  resistor_type non‑linear

  [IVdata]

  Volts  I(typ)

  ‑5     ‑0.1

  ‑2     ‑0.05

   0      0.0

   2      0.05

   5      0.1

  [End resistor]

Here this resistor's I‑V characteristics are defined by the table [IVdata].

Multi‑dimensional tables

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

This section describes making multi‑dimensional tables.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

Multi‑dimensional tables are a collection of single tables that use name=value pairs at the beginning of each table to create the additional dimension.  Multi‑dimensional tables are used to describe a value that might be both nonlinear and time dependent.  They are also used to describe multi‑terminal circuit elements where the dependent variable is nonlinear in relationship to both ports.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Constructing Multi‑dimensional tables (data section usage) 

Multi‑dimensional tables are defined as a group of numeric key‑value tables that have the same table name.  Multi‑dimensional tables are constructed using the same rules as the single dimensional tables, except that all tables in the group are required to have at least one name=value pair in common.  

Following is an example of how the multi‑dimensional table [IVdata] is created.  Note that each table includes the name‑value pair Temperature=<value>.

  [IVdata]

  Temp = 25

  Volts   I(typ)

  ‑5      ‑0.1

  ‑2      ‑0.05

   0       0.0

   2       0.05

   5       0.1

  [IVdata]

  Temp = 0

  Volts   I(typ)

  ‑5      ‑0.2

  ‑2      ‑0.05

   0       0.0

   2       0.05

   5       0.2

  [IVdata]

  Temp = 100

  Volts   I(typ)

  ‑5      ‑0.3

  ‑2      ‑0.05

   0       0.0

   2       0.05

   5       0.3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

IBIS 3.2 compatibility

Multi‑dimensional tables are used for the following keywords in the

[Model] section:

* Waveform

Series MOSFET

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Referencing a multi‑dimensional table in a [Define] section

As with single numeric key‑value tables, multi‑dimensional tables are referenced by name, followed by a two or more lookup values, separated by commas, in parentheses.

Example:

  [Define resistor] non‑linear  (a1 a2)

resistor Rx (a1 a2) R = [RVdata](V(a1,a2), Temperature)

  [End resistor] non‑linear

The first (unnamed) argument in parentheses is used as an index into column 0 of one of the table in the group.  The named argument (i.e. Temperature=T) is used to select which table of the group the first argument indexes into.   

Instead of the named attribute, a "*" may be used to indicate that multiple tables with the same name and different attributes are allowed, and that it is handled as a special case.  An example of this usage is the driver waveform tables found in IBIS 3.2.

Scopes

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

A scope is a named set of data delimited by keywords in brackets.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

When constructing an IBIS data section, a portion of the data can be set aside in a separate scope.  A scope is a set of data that can be referred to and operated on by name.  This is useful for grouping set of data so they can be operated on by a “select” or other macro language statement.   Also, additional attributes in a table are interpreted as being in a scope.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Constructing scopes (data section usage) 

A scope is constructed at follows:

A scope begins with a scope header in the form of a traditional IBIS keyword in square brackets; i.e. [<scope name>]   

      Note:  While not required, it is recommended that the <scope name> begin with the literal ‘Begin’.  

The body of a scope contains other symbols, including string variables, scalars, tables, or other scopes.  Scopes may be nested.

Any line that is not a proper member of the scope terminates the scope.   Specifically, the occurrence of the next keyword terminates a scope. 

      Note:  While not required, it is recommended that a scope be terminated with a keyword of the form

     [End <scope name>]

The attributes (behavior attributes or name=value pairs) in a table are accessible as if the table were a scope. 

A case statement in the macro language, if selected, brings a scope with a matching name into the enclosing scope.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

IBIS 3.2 compatibility

Scopes are used in the basic sense for [Model_Spec] and [Submodel_Spec].  Select and case statements, and the corresponding use of scopes, are used for the selection associated with the Series_switch Model_type.  Attributes of a table being treated as a scope are used to describe a test load circuit in [Falling_Waveform] and [Rising_Waveform]. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Referencing a scope in a [Define] section.

The macro languages access data in a scope by prefixing the data with the scope name.  For example, a reference to “[Model_Spec] Vmeas” in the macro language accesses the variable Vmeas in the [Model_Spec] scope.

Scopes are also used in the ‘case’ portions of a select statement.  In the example below, the user defines the value of “circuit_selector” as either [Lumped] or [Distributed].  In the data section the user then creates the corresponding data scopes [Lumped] and [Distributed].  Note that because the data section does not contain any other named scopes, any other value of circuit_selector is illegal.

  [Define Test] of_select  (pin gnd pad gnd)

  select (circuit_selector)

    case "[Lumped]"

      capacitor C1 (pin gnd) C = C_pin

      inductor  L1 (pin pad) L = L_pin_pad

      capacitor C2 (pad gnd) C = C_pad

    end case

    case "[Distributed]"

tline T1 (pin gnd pad gnd) delay = Delay  z0 = impedance

    end case

  end select

  [End Test] of_select

  [Test] TL_test

  Test_type of_select

  [Lumped]

    C_pin = 1.2p

    L_pin_pad = 374p

    C_pad = 1.24p

  [End Lumped]

  [Distributed]

    Delay = 2.5n

impedance = 53

  [End Distributed]

[End Test]

Foreach arrays

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Abstract

A set of data can be described using "foreach" arrays.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Description

A ‘foreach’ array is a named set of macro language statements that are operated on by a foreach construct.  The macro language statements are usually some type of assignment statement with an arbitrary number of fields that are filled in by the foreach operator.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Constructing foreach arrays (data section usage) 

A foreach array is constructed as follows: 

A foreach array begins with header that identifies the array.  This header is in the form of a traditional IBIS keyword; i.e. [<foreach array name>]

The body of a foreach array consists of an arbitrary number of lines with an arbitrary number of fields in each line.  The fields are delimited by whitespace, and can contain no whitespace within them.

A foreach array is terminated by the occurrence of the next keyword; i.e. line that begins with a left square bracket ‘[‘.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Referencing a foreach data array in a [Define] section

As described in section 7, the data is a foreach array is referenced using a "foreach" statement:

  foreach foo in [A_Batch_Of_Data]

The loop variable (foo in this example) is assigned a sequential number (1,2, ...) which can be accessed inside a macro language statement as $foo$.  The fields on each line are accessed by number: $0$, $1$,  etc.  So, for the foreach array [A Batch Of Data]:

  [A_Batch_Of_Data]

  Model_A   120   slow

  Model_B   176   fast

  [End A_Batch_Of_Data]

The macro language might describe:

  foreach iii in [A_Batch_Of_Data]

  resistor R$iii$x (pin a$iii$) R = $1$

  subckt   X$iii$x (a$iii$ gnd) $0$

  end foreach

This combination is equivalent to:

  resistor R1x (pin a1) R = 120

  subckt   X1x (a1 gnd) Model_A

  resistor R2x (pin a2) R = 176

  subckt   X2x (a2 gnd) Model_B

A foreach statement may have an "else" section which is executed when the foreach array does not exist in the data section.

========================================================================

========================================================================

Section 9 

F U T U R E  E X T E N S I O N S

========================================================================

========================================================================
This section of the LRM describes extensions that reached a consensus within the IBIS‑ML committee that these items are beyond the scope of the first release.  Although these are not be part of the first release of the IBIS‑ML specification, these extensions are expected to be included in a future release, with the syntax TBD.

This section is included here to provide information to both users and EDA vendors on anticipated extensions.  There is no guarantee that these extensions will be adopted as presented here.

Math operators will be expanded to include derivatives (d_dt) and integrals (integral_t) with respect to Time.

Delay dependent on an expression (such as a node voltage).

A function is an expression that is not contained on the same statement as the element.  A function is called by reference.  The call to the function shall have the same number of arguments as on the function definition.

Conditional branching during run time.  This allows an element to change operating state.  May be implemented as a trigger or sample/hold in 1.0 release.

========================================================================

========================================================================

Section 10 

A R C H IV E

========================================================================

========================================================================
10.1: BIRD 62 prototype

This represents the latest expression of BIRD 62 in the IBIS-X syntax, with proposed use of sample&hold and trigger elements.

From: John Angulo [jangulo@innoveda.com]

Sent: Thursday, January 17, 2002 2:07 PM

To: Peters, Stephen; bob_ross@mentorg.com; chris_reid@mentorg.com;

ibis@lumbercartel.com; gerald.bannert@icn.siemens.de;

apanella@molex.com; mhaque@ti.com; Lynne Green; Muranyi, Arpad;

scott@vasthorizons.com; jlalk@innoveda.com

Subject: Slightly revised BIRD 62 prototype 

For discussion:

if ([Receiver Thresholds])

 if ([Receiver Thresholds]Reference_supply == "Power_clamp_ref")

   vcontrolled V_th (V_th gnd) (power_clamp_ref gnd)

         V = [Receiver Thresholds]Vth

           + [Receiver Thresholds]Threshold_sensitivity

           * (V(power_clamp_ref, gnd) - [POWER_Clamp_Reference])

 else if ([Receiver Thresholds]Reference_supply == "Gnd_clamp_ref")

   vcontrolled V_th (V_th gnd) (gnd_clamp_ref gnd)

         V = [Receiver Thresholds]Vth

           + [Receiver Thresholds]Threshold_sensitivity

           * (V(gnd_clamp_ref, gnd) - [GND_Clamp_Reference])

 else if ([Receiver Thresholds]Reference_supply == "Pullup_ref")

   vcontrolled V_th (V_th gnd) (pullup_ref gnd)

         V = [Receiver Thresholds]Vth

           + [Receiver Thresholds]Threshold_sensitivity

           * (V(pullup_ref, gnd) - [Pullup_Reference])

 else if ([Receiver Thresholds]Reference_supply == "Pulldown_ref")

   vcontrolled V_th (V_th gnd) (pulldown_ref gnd)

         V = [Receiver Thresholds]Vth

           + [Receiver Thresholds]Threshold_sensitivity

           * (V(pulldown_ref, gnd) - [Pulldown_Reference])

 else if ([Receiver Thresholds]Reference_supply == "Ext_ref")

   vcontrolled V_th (V_th gnd) (ext_ref gnd)

         V = [Receiver Thresholds]Vth

           + [Receiver Thresholds]Threshold_sensitivity

           * (V(ext_ref, gnd) - [External_Reference])

 end if

|

|Does the standard macro library have [External_Reference]?

|

 trigger switch_hi_ac (V(pin,gnd) > V(V_th,gnd) + [Receiver Thresholds]Vinh_ac,

                                 V(pin,gnd) < V(V_th,gnd) + [Receiver

Thresholds]Vinh_ac)

 trigger switch_hi_dc (switch_hi_ac,

                                 V(pin,gnd) < V(V_th,gnd) + [Receiver

Thresholds]Vinh_dc)

 trigger switch_lo_ac (V(pin,gnd) < V(V_th,gnd) + [Receiver Thresholds]Vinl_ac,

                                 V(pin,gnd) > V(V_th,gnd) + [Receiver

Thresholds]Vinl_ac)

 trigger switch_lo_dc (switch_lo_ac,

                                 V(pin,gnd) > V(V_th,gnd) + [Receiver

Thresholds]Vinl_dc)

 sample_hold switch_hi_ac (V(pin,gnd) > V(V_th,gnd) +

                                                                [Receiver

Thresholds]Vinh_ac,

                                           V(pin,gnd) < V(V_th,gnd) +

                                                                [Receiver

Thresholds]Vinh_ac)

 sample_hold switch_lo_ac (V(pin,gnd) < V(V_th,gnd) +

                                                                [Receiver

Thresholds]Vinl_ac,

                                           V(pin,gnd) > V(V_th,gnd) +

                                                                [Receiver

Thresholds]Vinl_ac)

 alarm slew_ac (switch_hi_ac - switch_lo_ac >

                                                                  ([Receiver

Thresholds]Tslew_ac ||

                                                                   [Receiver

Thresholds]Tdiffslew_ac)

                        || switch_lo_ac - switch_hi_ac >

                                                                  ([Receiver

Thresholds]Tslew_ac ||

                                                                   [Receiver

Thresholds]Tdiffslew_ac)

|

|However, will there be two copies of the slew_ac alarm issued, one for

|each differential pin?

|

|The following should occur within a macro for differential receivers:

|

 alarm Vcross_low (V(pin1,pin2) < epsilon && ((V(pin1) <

[Receiver Thresholds]Vcross_low)

                                                                           ||

(V(pin2) <

[Receiver Thresholds]Vcross_low))

 alarm Vcross_hi (V(pin1,pin2) < epsilon && ((V(pin1) >

[Receiver Thresholds]Vcross_high)

                                                                           ||

(V(pin2) <

[Receiver Thresholds]Vcross_high))

 trigger switch_ac (V(pin1, pin2) > [Receiver Thresholds]Vdiff_ac,

                             V(pin1, pin2) < [Receiver Thresholds]Vdiff_ac)

 trigger switch_dc (switch_ac,

                             V(pin1, pin2) < [Receiver Thresholds]Vdiff_dc)

|

|What value should epsilon have?

end if

10.2:  External nodes and differential model

This represents the first expression of a model using external nodes and expressing explicit differential relationships between the connection pins (ports).

A model for a very simple differential driver/receiver 

[Define Model] diff_io (datain, padp, padn, vcc, gnd) (Enable=Active)

|

| Circuit bias provided externally

| Default parameter Enable to Active

|

| the output driver stage

| current-output could be complex, with Vt effects, delays, etc.

| for this example, just using a 3D table lookup with port node voltages

if (Enable==Active)  

  isource driverp (padp padn)  I=[DiffOutDrive] (v(datain),v(padp,padn))

else

  isource driverp_off (padp padn) I=0

end if

|

| the input receiver stage

capacitor io_cap   (padp gnd)    C=C_comp

capacitor io_cap   (padn gnd)    C=C_comp

icontrolled pclamp_p (padp vcc)  I=[POWER Clamp] (v(padp,vcc))

icontrolled gclamp_p (padp gnd)  I=[GND Clamp]   (v(padp,gnd))

icontrolled pclamp_n (padn vcc)  I=[POWER Clamp] (v(padn,vcc))

icontrolled gclamp_n (padn gnd)  I=[GND Clamp]   (v(padn,gnd))

|

[End Define Model] diff_io

[Model] xyz

Model_type diff_io

|

|

C_comp     3pF  2pF  4pF 

|

|variable        typ   min   max

[Voltage Range]  3.3v  3.0v  3.6v

|

[Power Clamp]

| Volts  I(typ)  I(min)  I(max)

-3.3v    -100ma  -80ma   -120ma

-2.5v

<etc>

|

[Gnd Clamp]

| Volts  I(typ)  I(min)  I(max)

-3.3v    100ma   80ma    120ma

-2.5v

<etc>

|

[DiffOutDrive] (datastate, pinvoltage)

datastate = 0

| Volts  I(typ)  I(min)  I(max)

-0.5    100ma   80ma    120ma

-0.25 etc.

0

+0.25

+0.5

datastate > 0

| Volts  I(typ)  I(min)  I(max)

-0.5    -100ma   -80ma    -120ma

-0.25 etc.

0

+0.25

+0.5

|

| end model xyz

10.3:  Other materials

The materials related to sample&hold and trigger elements that are contained in the older sections of this document originated from work by Al Davis.  In their current form, they integrate proposals from Arpad Muranyi and other members of the IBIS-X committee.  The format for these elements, and how they are to be used, was not nearly in final form at the time of this writing.

The Touchstone draft is not included here, since it will be addressed in the IBIS connector standard.
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