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DEFINITION OF THE ISSUE:
The SPIM framework introduced in BIRD223.1 provides a comprehensive approach for platform-level power integrity (PI) modeling; however, its current structure exhibits fragmentation and inconsistency.  Specifically, AC and transient analyses rely on the [SPIM Touchstone File], while DC analysis depends on the [SPIM Rnetwork File], resulting in parallel modeling paths.  This separation complicates the overall framework, making it less intuitive and increasing the burden on users and EDA tools to reconcile different modeling approaches.
Another limitation is the weak coupling between model content and connectivity definition.  Key elements such as [SPIM Port List], [SPIM Observation Port], and stimulus/target definitions are specified independently of the underlying model (S-parameter or R-network).  This creates ambiguity in mapping ports to physical terminals and in establishing consistent connectivity across PDN segments (e.g., package-to-PCB).  As a result, integration may become error-prone and tool-dependent.
In addition, BIRD223.1 contains redundant and overlapping keyword definitions, particularly for stimulus, current, voltage, and target specifications, which are distributed across multiple sections depending on analysis type.  This increases complexity, limits scalability to additional analyses (e.g., transient), and leaves key connection semantics, such as referencing schemes and port relationships, insufficiently formalized.  These issues collectively hinder clarity, consistency, and ease of implementation.


SOLUTION SUMMARY:
This proposal restructures and unifies the feature-based SPIM framework introduced in BIRD223.1 into consistent model-centric hierarchical architecture.  This construction integrates Model definition (S-parameter / IBIS-ISS), Connectivity (ports, terminals), Stimulus (AC/DC/TD), and Targets (impedance, voltage, transient) into one cohesive and deterministic structure.
The proposed hierarchy resolves the limitations summarized in the DEFINITION OF THE ISSUE section by reconstructing (instead of extending) the SPIM architecture into a unified, hierarchical, and modular SPIM structure.  At its core is the [SPIM PDN File] keyword, which integrates AC, DC, and transient modeling within a single framework using the Analysis_type (AC/DC/TD) parameter.  This eliminates the prior separation between Touchstone and R-network models and provides a consistent abstraction for all PI analyses, simplifying both specification and tool implementation.
The main objectives are:
· Unification: Replace separate AC/DC modeling constructs with a single abstraction
· Determinism: Eliminate ambiguity in connectivity, referencing, and interpretation
· Scalability: Support multi-rail, multi-analysis, and complex system modeling
· Tool-readiness: Enable consistent and automated EDA implementation
· Clarity: Reduce redundancy and enforce a strict keyword hierarchy
A key improvement is the tight integration of model data with connectivity definitions.  Ports, and terminals are now defined directly within the PDN modeling block, along with their roles (pin interface, stimulus, or observation).  This ensures that each connection has a clear physical meaning, enabling accurate and unambiguous assembly of end-to-end PDN simulations.  The explicit definition of the pin, stimulus, and observation interfaces further aligns the model with real system behavior.
The new hierarchy also improves flexibility and scalability through generalized keywords, such as [SPIM Stimulus Group] and an enhanced [SPIM Target].  These support consistent definitions across AC impedance, power DC, and TD transient analyses, including current profiles, voltage constraints, and impedance targets.  Additionally, support for multiple referencing schemes (2N, N+x, N+1, and N) removes ambiguity in model representation and connectivity.
Overall, the new hierarchy transforms SPIM into a cohesive, deterministic, and tool-friendly framework, reducing redundancy, improving clarity, and enabling consistent interpretation across analysis domains, thereby supporting scalable and accurate platform-level PI design and verification.

Table 1: List of the Improved Items
	Issue in BIRD223.1
	How New Hierarchy Fixes It
	Impact

	1. Separate AC and DC modeling paths (Touchstone vs. R-network split)
	Unified via [SPIM PDN File] + Analysis_type (AC / DC / TD)
	Consistent multi-domain modeling

	2. Redundant and scattered keywords (Touchstone, R-network, Stimulus, Target scattered)
	Consolidated into hierarchical structure
	Reduced complexity

	3. Ports defined separately from models ([SPIM Port List] independent)
	Integrated into Ports / Terminal_pairs / Terminals inside PDN model definition
	Eliminates connection ambiguity

	4. Observation ports loosely defined ([SPIM Observation Port] separate)
	Explicit Probe_<#> mapping within PDN File
	Clear functionality mapping

	5. Limited stimulus definition (only weighting for AC)
	Introduced Stimulus Group (AC / DC / TD)
	Realistic system modeling

	6. Limited target types (mainly impedance)
	Expanded Target (Z, V, transient)
	Full PI signoff support (AC + DC + Transient)

	7. No unified PDN abstraction
	Single modeling entry point ([SPIM PDN File])
	Cleaner architecture

	8. Weak model-connectivity linkage
	Explicit interface mapping of pin / stimulus / probe interfaces
	Correct system assembly

	9. Ambiguous S-param vs. IBIS-ISS usage
	Defined the usage of S-parameter and IBIS-ISS models, respectively
	Interoperability

	10. Undefined reference schemes
	Supports 2N / N+x / N+1 and N referencing
	Avoids incorrect netlist usage

	11. Scattered current/voltage definitions ([SPIM Current], [SPIM Voltage List])
	Unified under structured blocks
	Cohesion

	12. Poor scalability for multi-rail / multi-analysis
	Hierarchical reusable structure
	Scalable for complex systems

	13. Tool implementation difficulty (EDA interpretation required)
	Deterministic structure + explicit semantics
	Automation-ready and adoption

	14. Lack of formal interface abstraction
	Formalized pin / stimulus / observation interfaces
	Aligns with system-level modeling

	15. Inconsistent hierarchy definition (descriptive but not enforced)
	Enforced keyword tree hierarchy
	Standardization structure





1POWER INTEGRITY MODELING
1.1 INTRODUCTION
This chapter describes the Streamlined Power Integrity Model (SPIM) to support board level power integrity (PI) simulations.  SPIM provides a standardized framework for device-level power delivery network (PDN) modeling using Touchstone S-parameter and IBIS-ISS SPICE subcircuit models to support power DC, AC, and time domain (TD) analysis.
A device, in the context of SPIM refers to a component that includes the package PDN between the pins (balls) and die pads (bumps) with package decoupling capacitances (if present) and the on-die power grid with on-die decoupling capacitances (if present), encapsulating one or multiple dies.  It may also refer to a module that carries one or more such packaged or unpackaged components.  SPIM focuses on modeling the PDN of such devices.
SPIM is designed to provide a minimum yet sufficient set of PI modeling data to support board-level PDN optimization, review, and signoff after the package PDN and on-die power grid design for the device has been finalized.  Once the die and package have taped out, board-level designers cannot alter device-level PDN characteristics.
1.2 STREAMLINED POWER INTEGRITY MODEL (SPIM)
The concept of SPIM is illustrated in Figure 1.  From the perspective of a board-level PDN designer, the complete platform PDN typically consists of three major segments:
· A device-level SPIM which is a behavioral representation of a device (to safeguard intellectual property and reduce simulation time) that contains
· a package and on-die PDN with decoupling capacitors (if present)
· one or more stimulus current sources to represent the current consumption of various circuit blocks on the die
· one or more probes to evaluate the response or performance of the system as seen on the device
· On-board PDN routing with decoupling capacitors typically consisting of multi-layer ceramic capacitors (MLCCs) in various package formats
· A voltage regulator module (VRM), which typically consists of a voltage regulator controller and one or more power MOSFET phases, each with one or more bulk inductors (Lbulk) and one or more bulk capacitors (Cbulk)
[image: ]
Figure 1 – SPIM in a Platform PDN
SPIM defines three types of interfaces:
· Pin-level interface, this is where the device PDN model is attached to the printed circuit board.  Pins may be clustered, as necessary, to reduce model complexity and size.
· Stimulus interface, this is where the current loading is applied to the device PDN model.  Note that this location may represent any current consuming unit on the die, such as CPU, memory or any other circuit block, not only die pads or I/O buffer terminals.
· Observation interface, where the response of the design can be observed (probed) inside the device PDN model.  These are the locations on the device PDN model where the design’s response is evaluated and compared with the design targets (e.g., impedances or voltages).  While a device PDN model is not limited to one observation point, usually a power rail will have a single observation point definition, either at the VRM sensing pick-up location or between a pin pair carrying the VRM feedback signal.
Figure 2 illustrates the three interface types of a 21-port Touchstone S-parameter device PDN model that has eleven pin interface ports, eight weighted stimulus ports and two observation ports without going into the connectivity and port referencing details:
[image: ]
Figure 2 – The three interfaces of a 21-port S-parameter device PDN model

It is highly recommended to use Touchstone S-parameter models for AC impedance and TD transient analyses and IBIS-ISS subcircuits containing resistor networks (R-networks) for power DC analyses.
To achieve an optimal balance between accuracy and simulation efficiency, power and ground pins (or balls) may be grouped into clusters at the pin interface.  This is often done with device PDN models created for AC impedance and TD transient simulations but rarely done with device PDN models created for power DC simulations because one of the main objectives of power DC analysis is to validate per pin (or ball) currents and voltages.  While a power pin is restricted to being a member of only one power pin cluster, a ground pin may be present in multiple ground pin clusters.
Note that the user or EDA tool must generate a model for the PCB that is compatible with the pin groupings defined in the device PDN model.
A typical platform PDN exhibits three major impedance peaks:
· Zone 1: The first peak occurs above 10 MHz, sometimes over 20 MHz, and is shown in red in Figure 3.  This peak is associated with the on-die PDN segment and will not appear if the on-die contribution is excluded from the power integrity analysis.
· Zone 2: The second peak typically appears between 1 MHz and 10 MHz and is influenced by both the on-die and package-level PDN.  It is absent when both of these segments are excluded.
· Zone 3: The third peak occurs below 1 MHz and results from the interaction between the VRM and the bulk decoupling capacitors on the PCB.
[image: ]
Figure 3 – Platform Impedance Curves with Scalable Unified PI Target (UPIT)
To guide board-level PDN design and verification, one or more impedance vs. frequency design targets may be specified using Piecewise Linear (PWL) tables.  The impedance target usually spans from DC (or below 10 kHz) to approximately 20 MHz and includes the effects of the VRM, PCB, package, I/O interfaces and computational cores on the device.  Three impedance targets may be defined for each power supply rail as Z(typ), Z(perf), and Z(econo) to support a range of product requirements as follows:
· Z(typ) target: Represents the expected or nominal impedance profile aligned with platform design goals
· Z(perf) target: Tailored for performance-critical designs in premium, less cost-sensitive product segments
· Z(econo) target: Optimized for cost-sensitive, high-volume segments with relaxed performance needs.

1.3 SPIM FILES
Streamlined Power Integrity Model files (.spim files) contain all the information necessary to perform board level power integrity simulations.
Usage Rules:
A .spim file is intended to be used primarily as a stand-alone file.  As such, none of its content shall be included in any .ibs, .ebd, .emd, or .pkg file.  The complete SPIM information is stored in a file whose name is <stem>.spim, where <stem> must conform to the naming rules given in Section 3.1, “FILE NAMING CONVENTIONS” of this specification.  The spim extension is mandatory.
A .spim file may be referenced by an .ibs file using the [Device SPIM Group] keyword under the .ibs file’s [Component] keyword.
A .spim file may also be referenced by an .emd file using the [Device SPIM Group] keyword located within the .emd file’s [Begin EMD] / [End EMD] keyword pair.
Contents:
A .spim file is structured like a standard .ibs file.  It must contain the following keywords, as defined in IBIS:
· [IBIS Ver]
· [File Name]
· [File Rev]
· [End]
It may also contain the following optional keywords:
· [Comment Char]
· [Date]
· [Source]
· [Notes]
· [Disclaimer]
· [Copyright]
The actual SPIM information is contained between the keywords [Device SPIM] and [End Device SPIM], and includes the keywords listed in Table 2 below.
All elements must conform to the syntax and formatting rules established for .ibs files.

1.4 KEYWORD DEFINITIONS
The following table lists the keywords which may appear between the [Device SPIM] and [End Device SPIM] keywords:
Table 2 – SPIM Keywords and Subparameters
	Keywords or subparameters
	Notes

	[Device SPIM Group]
	Optional in a .ibs or .emd file, illegal in a .spim file

	[Device SPIM]
	Required in a .spim file, illegal in .ibs and .emd files

	[Manufacturer]
	Optional within [Device SPIM]

	[Description]
	Optional within [Device SPIM]

	[SPIM Pin List]
	Required when the .spim file is not referenced from a .ibs or .emd file

	signal_name
	Required when [SPIM Pin List] is present

	signal_type
	Required when [SPIM Pin List] is present

	[SPIM Rail]
	At least one [SPIM Rail] is required for each [Device SPIM]

	[SPIM Pin Clusters]
	Required for each [SPIM Rail] for AC impedance or TD transient analysis, optional for power DC analysis

	[SPIM Stimulus Group]
	Required for each [SPIM Rail] for all analysis types

	[SPIM Target]
	Required for each [SPIM Rail] for all analysis types

	[SPIM PDN File]
	Required for each [SPIM Rail] for all analysis types

	Analysis_type
	Required in [SPIM PDN File] for all analysis types

	Stimulus_group
	Required in [SPIM PDN File] to select a stimulus for a particular Analysis_type

	Stimulus_<#>
	Required in [SPIM PDN File] for all analysis types

	File_TS
	Required when an S-parameter model is specified in [SPIM PDN File]

	File_IBIS_-ISS
	Required when an IBIS-ISS subcircuit is specified in [SPIM PDN File]

	[End SPIM Pin Clusters]
	Required when [SPIM Pin Clusters] keyword is used

	[End SPIM Stimulus Group]
	Required when [SPIM Stimulus Group] keyword is used

	[End SPIM Target]
	Required when [SPIM Target] keyword is used

	[End SPIM PDN File]
	Required when [SPIM PDN File] keyword is used

	[End SPIM Rail]
	Required when [SPIM Rail] keyword is used

	[End Device SPIM]
	Required when [Device SPIM] keyword is used

	[End Device SPIM Group]
	Required when [Device SPIM Group] keyword is used in .ibs file
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The following keyword tree shall be included in the SPIM chapter in the appropriate location to describe the keyword hierarchy in .spim files:

.spim FILE
  ├── File Header Section
  │	├── [IBIS Ver]
  │	├── [Comment Char]
  │	├── [File Name]
  │	├── [File Rev]
  │	├── [Date]
  │	├── [Source]
  │	├── [Notes]
  │	├── [Disclaimer]
  │	└── [Copyright]
  │
  ├── [Device SPIM]
  │	├── [Manufacturer]
  │	├── [Description]
  │	│
  │	├── [SPIM Pin List]  signal_name  signal_type
  │	│	└── [End SPIM Pin List]
  │	│
  │	├── [SPIM Rail]
  │	│	├── Rail_voltage
  │	│	│
  │	│	├── [SPIM Pin Clusters]
  │	│	│	└── [End SPIM Pin Clusters]
  │	│	│
  │	│	├── [SPIM Stimulus Group]
  │	│	│	└── [End Stimulus Group]
  │	│	│
  │	│	├── [SPIM Target]
  │	│	│	└── [End SPIM Target]
  │	│	│
  │	│	├── [SPIM PDN File]
  │	│	│	├── File_TS/File_IBIS-ISS
  │	│	│	├── Path File/Name
  │	│	│	├── Analysis_type
  │	│	│	├── Stimulus_group
  │	│	│	├── Ports/Terminal_pairs/Terminals
  │	│	│	├── Target
  │	│	│	└── [End SPIM PDN File]
  │	│	│
  │	│	└── [End SPIM Rail]
  │	│
  │	└── [End Device SPIM]
  │
  └── [End]
Add the new keyword [Device SPIM Group] under the [Component] keyword in the keyword hierarchy tree in section 3.3:

.ibs FILE
  │...
  │
  ├── [Component]	Si_location, Timing_location
  │	│
  │	│...
  │	│
  │	├── [Device SPIM Group]
  │	│	└── [End Device SPIM Group]
  │	│...
  │	│

Add the new keyword [Device SPIM Group] under the [Begin EMD] keyword in the keyword hierarchy tree in section 3.3:
.emd FILE
  │...
  │
  ├── [Begin EMD]
  │	│
  │	│...
  │	│
  │	├── [Device SPIM Group]
  │	│	└── [End Device SPIM Group]
  │	│...
  │	│


Keyword:	[Device SPIM Group]
Required:	No, but it is required when referencing a SPIM file from within a .ibs or .emd file.
Description:	The [Device SPIM Group] keyword is used to reference one or more [Device SPIM] models by name which reside in .spim files that may be used together in simulations.  When more than one [Device SPIM Group] keywords are present, a simulation may only contain [Device SPIM] models from .spim files listed in one [Device SPIM Group].  This mechanism works like a group of [Device SPIM] models selector.
Usage Rules:	The [Device SPIM Group] keyword accepts a single string argument, which is the name of the device SPIM group.  The string argument shall be no longer than 40 characters and shall not include any whitespace.  The [Device SPIM Group] keyword may be used within a .ibs file under the [Component] section or within a .emd file under the [Begin EMD] section to reference one or more [Device SPIM] models that reside in .spim files.  This keyword may appear multiple times within the [Component] keyword of a .ibs file or within a .emd file.  Each [Device SPIM Group] keyword references a named group of [Device SPIM] models which are used together in an analysis for a particular platform configuration.
When the [Device SPIM Group] keyword is present under the [Component] keyword of a .ibs file, its scope is local to that [Component].  It is not shared among other [Components] within that .ibs file or between any other .ibs or .emd files.  Similarly, when the [Device SPIM Group] keyword is present under the [Begin EMD] keyword of a .emd file, its scope is local to that .emd file.  It is not shared between any other .emd or .ibs files.
For each [Device SPIM Group], two columns of data are defined.
The first column contains a unique [Device SPIM] keyword name contained by the .spim file referenced in the second column.  This string shall not exceed 40 characters and shall not include any whitespace.
The second column specifies the relative path to the corresponding .spim file.  This file shall be located in the same directory as the referencing. ibs or .emd file or in a specified directory under the referencing file as determined by the directory path (i.e., a file reference containing a relative path to a directory below that of the referencing. ibs or .emd file is permitted).
Example:
[Device SPIM Group]	Group_name_1	| selector under [Component]
Device_SPIM_name_1	spim_folder/file_name_1.spim	| file is in a subdirectory
	| relative to the .ibs file
| …
[End Device SPIM Group]

[Device SPIM Group]	Group_name_2	| selector under [Component]
Device_SPIM_name_2	spim_folder/file_name_2.spim	| file is in a subdirectory
	| relative to the .ibs file
| …
[End Device SPIM Group]


Keyword:	[End Device SPIM Group]
Required:	No, but it is required if a [Device SPIM Group] keyword is present.
Description:	Indicates the end of the data for one [Device SPIM Group].
Example:
[End Device SPIM Group]


Keyword:	[SPIM Pin List]
Required:	No, but it is required in the .spim file when the .spim file is not referenced from a .ibs or .emd file.
Description:	Defines the pin names of the user accessible pins.  It also defines which pins are connected to power and ground.
Sub-Params:	signal_name, signal_type
Usage Rules:	If the .spim file is referenced from a .ibs or .emd file, the [SPIM Pin List] keyword is prohibited, otherwise it is required.
The [SPIM Pin List] keyword shall be followed by the subparameter names “signal_name” and “signal_type”, serving as column headings.  The keyword and the list of its subparameters shall be followed by as many rows of information as the number of power and ground pins in the device.  All rail pins (generically referred to as power and ground pins) are required to be listed.  Signal pins and no connect pins are not prohibited from the list but will be ignored.  Each row may contain up to three columns of information.
The first two columns are required on each row for each pin type.
The first column lists the pin name (in the data book this can also be called pin number).  Each pin_name entry must be unique, i.e., duplicate pin names are not permitted.  Pin names must be the alphanumeric external pin names of the module.  The pin_name entry shall not exceed twenty (20) characters in length.
The second column (signal_name) lists the name of the signal connected to that pin.  The signal_name entries are not required to be unique for each row.
I/O pins shall consist of exactly two columns containing the pin_name and signal_name entries.  No signal_type entry is permitted for I/O pins.
The third column (signal_type) is required for rail pins and no-connect pins.  The allowed values for this third column (as defined in Section 3.2, “SYNTAX RULES”) are:
POWER 	- reserved model name, used with power supply pins
GND	- reserved model name, used with ground pins
NC	- reserved model name, used with no-connect pins
“NC” is a legal signal_type and indicates that the pin is a “no-connect”.  As described in Section 3.2, “SYNTAX RULES” the reserved words “GND”, “POWER”, and “NC” are case-insensitive.
If a pin has a signal_type POWER, then all other pins with the same signal_name as this pin shall have signal_type POWER.  If a pin has signal_type GND, then all other pins with the same signal_name as this pin shall have signal_type GND.
Multiple rail pins may be clustered into a single S-parameter port or subcircuit terminal connection for the [SPIM PDN File] keyword using the [SPIM Pin Clusters] keyword.  All pins that are in a cluster are shorted together with an ideal short.
Example:
[SPIM Pin List]	signal_name	signal_type
A1	Vss	GND
A2	DQ0		| I/O pin, ignored
A3	DQ1		| I/O pin, ignored
A4	Vdd1p8	POWER
A5	RFU	NC	| NC pin, ignored
A6	Vdd1p2	POWER
…
[End SPIM Pin List]


Keyword:	[End SPIM Pin List]
Required:	No, but it is required if the [SPIM Pin List] keyword is present.
Description:	Indicates the end of the data after [SPIM Pin List].
Example:
[End SPIM Pin List]


Keyword:	[Device SPIM]
Required:	No, but it is required in a .spim file.
Description:	The [Device SPIM] keyword marks the beginning of the SPIM definition for a device or module within a .spim file.  It serves as a container for all SPIM related data corresponding to the power delivery network of that device.
Usage Rules:	This keyword accepts a single string argument representing the Device SPIM name.  The name shall be unique within the .spim file, limited to 40 characters, and shall not include any white space.  A .spim file may contain multiple [Device SPIM] / [End Device SPIM] keyword pairs.
The information enclosed between the [Device SPIM] and [End Device SPIM] keyword pair must be located in the .spim file and shall not be duplicated or embedded in a .ibs or IBIS related file.
Example:
[Device SPIM] My_CPU2
| …
[End Device SPIM]


Keyword:	[End Device SPIM]
Required:	No, but it is required if the [Device SPIM] keyword is present.
Description:	Indicates the end of the data after [Device SPIM].
Example:
[End Device SPIM]


Keyword:	[Manufacturer]
Required:	No.
Description:	Specifies the name of the [Device SPIM] manufacturer.
Usage Rules:	The length of the manufacturer’s name shall not exceed 40 characters, while blank characters are allowed.
Example:
[Manufacturer] MyName Corp.


Keyword:	[Description]
Required:	No.
Description:	Provides a concise yet easily human-readable description of the information contained by the [Device SPIM] keyword.
Usage Rules:	The description shall fit on a single line and may contain spaces.
Example:
[Description] 220 pin myCPU


Keyword:	[SPIM Rail]
Required:	No, but it is required in a .spim file to define a power rail.
Description:	The [SPIM Rail] keyword marks the beginning of a SPIM definition for one power rail.  It may be used multiple times within a [Device SPIM] / [End Device SPIM] keyword pair, once for each power rail requiring a dedicated SPIM description.
Sub-Params:	Rail_voltage
Usage Rules:	The [SPIM Rail] keyword accepts a single string argument which shall be no longer than 40 characters and may not include any whitespace.  If the [SPIM Pin List] keyword is present, the string argument shall match the signal_name of a power rail defined by the [SPIM Pin List] keyword.
If the [Device SPIM] keyword is referenced by the [Device SPIM Group] keyword in a .ibs or .emd file, the string argument shall match the signal_name of a power rail defined by the [Pin] or the [Pin Mapping] keyword in the .ibs file or the signal_name of a power rail defined by the [EMD Pin List] keyword in the .emd file.
Multiple [SPIM Rail] entries may appear within a [Device SPIM] / [End Device SPIM] keyword pair, each being associated with a different, or unique power rail.  The signal name of one power rail shall not be used with more than one [SPIM Rail] keyword within a [Device SPIM] / [End Device SPIM] keyword pair.
The subparameter Rail_voltage defines the voltage of the VRM that is associated with the rail described by the contents of [SPIM Rail] keyword.  In power DC analyses, this parameter can be used as the output voltage of the VRM.  In TD transient analyses, this parameter represents the voltage that the VRM is trying to achieve at the sensing point.
Other Notes:	A typical [SPIM Rail] / [End SPIM Rail] keyword pair will include the following keywords:
· [SPIM Pin Clusters]
· [SPIM Stimulus Group]
· [SPIM Target]
· [SPIM PDN File]
· with File_TS / File_IBIS-ISS
· with the list of Ports / Terminals
· with Analysis_type,
· with Stimulus_group, and Target.
Example:
[Device SPIM] My_CPU1
| …
[SPIM Rail] VCC3
| …
[End SPIM Rail]
| …
[SPIM Rail] VDD2
| …
[End SPIM Rail]
| …
[End Device SPIM]


Keyword:	[End SPIM Rail]
Required:	No, but it is required if the [SPIM Rail] keyword is present.
Description:	Indicates the end of the data after [SPIM Rail].
Example:
[End SPIM Rail]


Keyword:	[SPIM Pin Clusters]
Required:	No, but it is required in a .spim file for each [SPIM Rail] definition.
Description:	The [SPIM Pin Clusters] keyword marks the beginning of power and ground pin cluster definitions for the power rail defined by the name argument of the [SPIM Rail] keyword and the ground rail defined by the name argument of this keyword.
Usage Rules:	The [SPIM Pin Clusters] keyword accepts a single string argument which shall be no longer than 40 characters and may not include any whitespace.  If the [SPIM Pin List] keyword is present, the string argument shall match the signal_name of a ground rail defined by the [SPIM Pin List] keyword.
If the [Device SPIM] keyword is referenced by the [Device SPIM Group] keyword in a .ibs or .emd file, this string argument shall match the signal_name of a ground rail defined by the [Pin] or the [Pin Mapping] keyword in the .ibs file or the signal_name of a ground rail defined by the [EMD Pin List] keyword in the .emd file.
Each pin cluster definition starts on a new line with a cluster name followed by a list of two or more associated pin names.
For power pin clusters, the cluster name is composed of the name argument of the [SPIM Rail] keyword followed by “_<#>” where <#> is a placeholder of a sequential integer starting from 1 (e.g., RailKeywordArg_1).
For ground pin clusters, the cluster name is composed of the name argument of the [SPIM Pin Clusters] keyword followed by “_<#>” where <#> is a placeholder of a sequential integer starting from 1 (e.g., PinClustersKeywordArg_1).
All pin cluster names must end with an integer number, with no gaps or omissions in the sequence of the integers.
The Ports subparameter or Terminals subparameter of the [SPIM PDN File] keyword may refer to a power pin cluster and a ground pin cluster as a power / ground pin cluster pair using their combined name, joined by a colon character (“:”) PowerPinClusterName:GroundPinClusterName.
The pin names are separated by a white space and may span multiple lines if necessary.  The end of the pin list is marked by a new line that starts with another cluster name or the [End SPIM Pin Clusters] keyword.
Each power pin of a power rail must appear in a power pin cluster defined in the [SPIM Pin Clusters] keyword or referenced by the [SPIM PDN File] keyword as an individual pin connection.  A power pin shall not be a member of more than one power pin cluster and shall only appear either in the [SPIM Pin Clusters] or the [SPIM PDN File] keyword (but not both).
On the other hand, it is not required to include each ground pin of a ground rail in the ground pin clusters.  Typically, ground pin clusters need to include only those ground pins of a ground rail which provide a nearby return path for the power rail pins listed in the power pin cluster or used in the [SPIM PDN File] keyword as an individual pin connection.  A ground pin may appear in multiple ground pin clusters and may appear in the [SPIM Pin Clusters] and the [SPIM PDN File] keywords simultaneously.
These cluster definitions apply to any of the analysis types.
Example:
[SPIM Pin Clusters] PinClustersKeywordArg
| Pin_cluster_name	Pin_name_List
RailKeywordArg_1	AK1 AK2
PinClustersKeywordArg_1	AM1 AM4 AK4
| …
RailKeywordArg_2	AC10 AE10 AB12 PinClustersKeywordArg_2	AB8 AD8 AF8
| …
RailKeywordArg_3	AK3 AK4
PinClustersKeywordArg_3	AM1 AM2 AM4
| …
RailKeywordArg_11	CY1 CY2
PinClustersKeywordArg_11	CY5 CV5 CU4
|
[End SPIM Pin Clusters]


Keyword:	[End SPIM Pin Clusters]
Required:	No, but it is required if the [SPIM Pin Clusters] keyword is present.
Description:	Indicates the end of the data after [SPIM Pin Clusters].
Example:
[End SPIM Pin Clusters]


Keyword:	[SPIM Stimulus Group]
Required:	No, but it is required in a .spim file for each [SPIM Rail] definition.
Description:	The [SPIM Stimulus Group] keyword is used to declare one or more named stimulus sources which are connected to the stimulus ports (or terminals) of the [SPIM Rail]’s device PDN model.  For AC impedance and power DC analyses, these declarations define the weighting coefficients for each stimulus source.  For TD transient analysis, these declarations define PWL current vs. time waveforms for each stimulus source.
For AC impedance analyses the total AC current is 1 ampere.  For power DC analyses the total current is defined by the Current subparameter.  The PWL current vs. time waveform may be provided locally or in an external file using the File_PWL subparameter.
Sub-Params:	File_PWL, Current
Usage Rules:	The [SPIM Stimulus Group] keyword accepts a single string argument which shall be no longer than 40 characters and may not include any whitespace.  The string argument shall be a unique and meaningful name that can be referenced from the [SPIM PDN File] keywords.  The [SPIM Rail] / [End SPIM Rail] keyword pair must contain as many [SPIM Stimulus Group] / [End SPIM Stimulus Group] keyword pairs with as many stimulus source declarations as needed by the [SPIM PDN File] keywords.
Each stimulus source declaration begins on a new line and shall have the following format for AC impedance and power DC analyses:
OB_Stimulus_<#>	weighting_value
where <#> is a placeholder for an integer number greater than zero, and the weighting values
· shall be specified numerically (blank or "NA" values are not allowed)
· shall be defined for all OB_Stimulus lines
· shall sum to exactly 1.0
In AC impedance analysis, the total current of all OB_Stimulus<#> sources within a [SPIM Stimulus Group] / [End SPIM Stimulus Group] keyword pair is 1 ampere.  In power DC analysis, the total current of all OB_Stimulus_<#> sources within a [SPIM Stimulus Group] / [End SPIM Stimulus Group] keyword pair is defined by the subparameter Current.
Subparameter Current specifies the total average DC current characteristics for a given power rail.  These values are used to evaluate the power delivery network (PDN) under various operating conditions, including typical, idle (leakage), and high-activity modes.  The current values are provided in the following format:
| Current	I(TDC)	I(leakage)	I(EDC)
where:
· I (TDC)	— TDC (Thermal Design Current) or typical average current
· I (leakage)	— Leakage current in idle or active idle mode (may be specified as NA)
· I (EDC)	— EDC (Electrical Design Current) or maximum average current, typically representing turbo mode (in CPU) or high activity (in I/O).  It is the maximum current the supply rail can deliver for a short, thermally insignificant time.
All current values shall be expressed in amperes.  Numerical values must be provided for I(TDC) and I(EDC).  The I(leakage) field may use "NA" if a leakage value is not applicable or unknown.
Only one Current subparameter is permitted per [SPIM Stimulus Group] keyword.  The File_PWL and Current subparameters are mutually exclusive within the [SPIM Stimulus Group] / [End SPIM Stimulus Group] keyword pair.
Examples:
| This is an example for AC impedance analysis
[SPIM Stimulus Group]	StimulusGroupName_1
| Stimulus name	Weight
OB_Stimulus_1	0.20
OB_Stimulus_2	0.30
OB_Stimulus_3	0.25
OB_Stimulus_4	0.25
[End SPIM Stimulus][End SPIM Stimulus Group]

| This is an example for power DC analysis
[SPIM Stimulus Group]	StimulusGroupName_2
|	I(TDC)	I(leakage)	I(EDC)
Current	50.0	1.0	80.0
| Stimulus name	Weight
OB_Stimulus_1	0.10
OB_Stimulus_2	0.30
OB_Stimulus_3	0.20
OB_Stimulus_4	0.40
[End SPIM Stimulus][End SPIM Stimulus Group]

The format of stimulus source declarations for TD transient analyses is different.  While each stimulus source declaration still begins on a new line, they are followed by a two-column PWL data table starting on a new line (instead of a single weighting value on the same line).  The end of the PWL data table is marked by a new stimulus source name or the [End SPIM Stimulus Group] keyword.
TD transient stimulus source declarations with PWL current vs. time data may be defined locally in the [SPIM Stimulus Group] keyword or in an external file.  The format of the PWL data is the same in both cases:
OB_Stimulus_<#>
Time_1	Current_1
Time_2	Current_2
Time_3	Current_3
…
Time_n	Current_n
where <#> is a placeholder for an integer number greater than zero.
A minimum of two time points must be defined in each stimulus source PWL table.  All entries must contain numerical values; NA is not permitted.  The units of time and current are second (s) and ampere (A), respectively.
The [SPIM Stimulus Group] keyword may contain one or more stimulus source declarations or the File_PWL subparameter to point to an external file which may contain one or more stimulus source definitions as described above.
The File_PWL subparameter is followed by one unquoted string argument which is the file_reference for a PWL data file.  The name of the referenced PWL data file is <stem>.pwl, where <stem> must conform to the naming rules given in Section 3.1, “FILE NAMING CONVENTIONS” of this specification.  The .pwl extension is mandatory.  The file shall be located in the same directory as the referencing .spim file or in a specified directory under the referencing file as determined by the directory path (i.e., a file reference containing a relative path to a directory below that of the referencing .spim file is permitted).
Examples:
| This is an example for TD transient analysis,
| using locally defined PWL data
[SPIM Stimulus Group]	StimulusGroupName_3
OB_Stimulus_1
| Time	Current
0.0	1.0
1.0e-9	1.0
1.1e-9	50.0
2.0e-9	50.0
|
OB_Stimulus_2
| Time	Current
0.0	4.0
0.5e-9	4.0
0.6e-9	60.0
1.0e-9	60.0
[End SPIM Stimulus][End SPIM Stimulus Group]

| This is an example for TD transient analysis,
| using PWL data from an external file
[SPIM Stimulus Group]	StimulusGroupName_4
File_PWL	Path/FileName.pwl
[End SPIM Stimulus][End SPIM Stimulus Group]


Keyword:	[End SPIM Stimulus Group]
Required:	No, but it is required if the [SPIM Stimulus Group] keyword is present.
Description:	Indicates the end of the data after [SPIM Stimulus Group].
Example:
[End SPIM Stimulus Group]


Keyword:	[SPIM Target]
Required:	No, but it is required in a .spim file for each [SPIM Rail] definition.
Description:	The [SPIM Target] keyword defines various design targets that the designer should meet for their design.  Design targets may be defined for the pin-interface, stimulus sources, and probes.  For AC impedance analyses, the keyword may define a self-impedance vs. frequency target table to be used at stimulus sources, or a trans-impedance vs. frequency target table to be used at probe or pin ports (or terminals) of PDN models.  For power DC analyses, the keyword may define voltage drop limits in the power or ground rails.  For TD transient analyses, the keyword may define over and under voltage limits in power or ground rails due to sudden current variations with respect to time.  For TD transient analyses, the keyword may also define peak-to-peak voltage limits for power and ground rails of I/O blocks on the device.
Sub-Params:	File_PWL, V_DCIR, V_TDlimits, V_p2p
Usage Rules: The [SPIM Target] keyword accepts a single string argument which shall be no longer than 40 characters and may not include any whitespace.  The string argument shall be a unique and meaningful name that can be referenced from the [SPIM PDN File] keywords.  The [SPIM Rail] / [End SPIM Rail] keyword pair must contain as many [SPIM Target] / [End SPIM Target] keyword pairs as needed by the [SPIM PDN File] keyword.
Design targets defined in the [SPIM Target] keyword are associated with the device PDN model’s ports or terminals in the [SPIM PDN File] keyword.  When the device PDN model is a Touchstone S-parameter model, the design target applies to the observations made between the two terminals of a port.  When the device PDN model is an IBIS-ISS subcircuit model, the design target applies to the observations made between two subcircuit terminals.  See the [SPIM PDN File] keyword for more details.
The [SPIM Target] / [End SPIM Target] keyword pair may contain the File_PWL subparameter by itself, or the V_DCIR subparameter by itself, or the V_TDlimits subparameter with the optional V_p2p subparameter.
When the [SPIM Target] keyword is referenced from a [SPIM PDN File] keyword with Analysis_type AC, it shall contain an impedance target table or point to an external file that contains the impedance target table using the File_PWL subparameter.  The format of the PWL data is the same in both cases and may define up to three different design targets:
| Frequency	Z(typ)	Z(perf)	Z(econo)
where:
· Z(typ)	– Typical design target (required)
· Z(perf)	– Maximum allowed impedance for high-performance designs (optional, enter NA if not defined)
· Z(econo)	– Maximum allowed impedance for low-cost designs (optional, enter NA if not defined)
A minimum of two frequency points must be provided in each impedance target table.  The Z(typ) column must contain numerical entries in the entire column; NA is not permitted.  For the Z(perf) or Z(econo) columns, the entire column must contain numerical entries or NA.  The units of frequency and impedance are hertz (Hz) and ohm (Ω), respectively.
When the impedance target table is defined locally in the [SPIM Target] keyword, no subparameter is permitted in the [SPIM Target] keyword.
When the impedance target table is defined in an external file, the [SPIM Target] keyword shall contain the File_PWL subparameter (instead of an impedance vs. frequency table) followed by one unquoted string argument which is the file_reference for the PWL data file.  The name of the referenced PWL data file is <stem>.pwl, where <stem> must conform to the naming rules given in Section 3.1, “FILE NAMING CONVENTIONS” of this specification.  The .pwl extension is mandatory.  The file shall be located in the same directory as the referencing .spim file or in a specified directory under the referencing file as determined by the directory path (i.e., a file reference containing a relative path to a directory below that of the referencing .spim file is permitted).
The impedance values in the impedance target tables may represent self-impedances or trans-impedances, depending on where the observations are made.  If the impedance target table is applied to a stimulus source, the impedance values represent self-impedance.  In this case, only one stimulus source should be active with 1 ampere current.  All other stimulus sources must be inactive, i.e., have 0 ampere current.  This way, the voltage observed at the active stimulus source corresponds directly to a self-impedance value (when I=1, Ohm’s law Z=V/I becomes Z=V).
When the impedance target table is applied to a probe or pin port (or terminal), the impedance values represent trans-impedance.  In this case, all stimulus sources must be active, including their weighting coefficients, with a total current of 1 ampere for all stimulus sources.  This way, the voltage observed at a probe or pin port (or terminal) corresponds to a trans-impedance value.
Examples:
| This is an example for a locally defined impedance target
[SPIM Target]	TargetName_1
| Frequency	Z(typ)	Z(perf)	Z(econo)
1.0e+4	0.0069	0.0050	0.0080
1.0e+6	0.0069	0.0050	0.0080
6.5e+6	0.0130	0.0100	0.0200
1.0e+7	0.0285	0.0200	0.0400
2.0e+7	0.0285	0.0200	0.0400
[End SPIM Target]

| This is an example for an impedance target defined in an external file
[SPIM Target]	TargetName_2
File_PWL	Path/FileName.pwl
[End SPIM Target]
When the [SPIM Target] keyword is referenced from a [SPIM PDN File] keyword with Analysis_type DC, it shall contain the subparameter V_DCIR.  This subparameter may define up to two design targets in the following format:
V_DCIR	<V(min)>	<V(max)>
where:
· V(min)	– Minimum allowable voltage at a stimulus source, probe or between power and ground pins; required
· V(max)	– Maximum allowable voltage at a stimulus source, probe or between power and ground pins; optional
If the optional value is not provided, NA must be entered.  The value of V(min) defines the minimum allowable voltage at the measurement location due to (resistive) losses between the VRM and the device and/or in the PDN of the device itself.  The value of V(max) would typically be NA, but it may be used to define a maximum allowable voltage at the measurement location in case an over voltage might occur for some reason.
Important note: The V_DCIR target is evaluated differently at the pin interface in power DC analyses.  The minimum or maximum allowable voltage is defined as the minimum or maximum difference between all power and all ground pins (or pin clusters).  In other words, voltage limit targets between individual power and ground pin pairs (or pin cluster pairs) cannot be defined.  This eliminates the need for referencing target definitions from the port lines or terminal lines of the [SPIM PDN File] keyword.  Instead, the Pin_target subparameter shall be used to refer to a target definition that contains the V_DCIR subparameter for the entire pin interface.  The simulated power and ground pin voltages may be evaluated against the V_DCIR target as follows:
min(V(all power pins)) – max(V(all ground pins)) >= V_DCIR V(min)
max(V(all power pins)) – min(V(all ground pins)) <= V_DCIR V(max)
The values of this subparameter have the unit of volts.
Example:
[SPIM Target]	TargetName_3
|	V(min)	V(max)	| For DC only
V_DCIR	1.70	NA
[End SPIM Target]
When the [SPIM Target] keyword is referenced from a [SPIM PDN File] keyword with Analysis_type TD, it shall contain the subparameter V_TDlimits and optionally one or more lines with subparameter V_p2p.
After a sudden change of current consumption in the device, the rail voltage will experience some fluctuations.  When the current consumption increases suddenly, the rail voltage may drop momentarily below the nominal value and oscillate for a while.  Conversely, when the current consumption decreases suddenly, the rail voltage may rise momentarily above the nominal value and oscillate for a while.  This is illustrated in Figure 4 below:
[image: ]
Figure 4 – Illustration of V_TDlimits and V_p2p
The value of V_TDlimits V(min) and V(max) define what the lowest and highest allowable voltages are after such a current change event.
The V_TDlimits subparameter may define up to two design targets in the following format:
V_TDlimits	<V(min)>	<V(max)>
where:
· V(min)	– Minimum allowable voltage after a current change event; required
· V(max)	– Maximum allowable voltage after a current change event; required
The values of this subparameter have the unit of volts.
The V_TDlimits subparameter may optionally be followed by one or more V_p2p subparameter lines.  The V_p2p subparameter defines the maximum allowable peak-to-peak supply voltage noise (ringing) for sensitive I/O supply rails.
A V_p2p subparameter line may define a voltage value alone, or a voltage value followed by two frequency values to define the frequency range over which the voltage value should be evaluated.  Frequency in this context refers to the frequency of the ringing in the supply voltage waveform after such a current change event.
If the V_p2p subparameter line defines only the voltage value, it is valid for the full frequency range, consequently in this case only one V_p2p subparameter line is permitted within a [SPIM Target] / [End SPIM Target] keyword pair.
Multiple V_p2p subparameter lines may be provided to define different peek-to-peek voltage targets over different frequency ranges.  In this case, each V_p2p subparameter line must include both frequency values in addition to the voltage value.  The frequency ranges may have gaps but are not allowed to overlap.  For undefined frequency ranges, such as gaps, or below the lowest and above the highest frequency value, the V_p2p subparameter shall be treated as if it didn’t exist, i.e., only the V(min) and V(max) values of the V_TDlimits subparameter shall be in effect.
The V_p2p subparameter has the following format:
V_p2p	<Voltage>	<F(low)>	<F(high)>
where:
· Voltage	– maximum allowable peek-to-peek supply voltage noise; required
· F(low)	– the lower frequency value of the frequency range; optional
· F(high)	– the upper frequency value of the frequency range; optional
While the frequency values are optional, they must be both present or both absent.
The values of this subparameter have the unit of volts and hertz, respectively.
Examples:
| For TD at OB_Stimulus, Probe or PowerGroundPinClusterPair
[SPIM Target]	TargetName_6
|	V(min)	V(max)
V_TDlimits	1.70	1.90
[End SPIM Target]


[SPIM Target]	TargetName_6
|	V(min)	V(max)
V_TDlimits	1.70	1.90
|	Voltage	F(low)	F(high)
V_p2p	0.08
[End SPIM Target]


[SPIM Target]	TargetName_6
|	V(min)	V(max)
V_TDlimits	1.70	1.90
|	Voltage	F(low)	F(high)
V_p2p	0.08	1.0e+6	5.0e+8
V_p2p	0.04	5.0e+8	2.0e+9
[End SPIM Target]


Keyword:	[End SPIM Target]
Required:	No, but it is required if the [SPIM Target] keyword is present.
Description:	Indicates the end of the data after [SPIM Target].
Example:
[End SPIM Target]


Keyword:	[SPIM PDN File]
Required:	No, but it is required in a .spim file for each [SPIM Rail] definition.
Description:	The [SPIM PDN File] keyword specifies the file that is used as the device PDN model for the power rail named by the [SPIM Rail] keyword.  In addition, it contains a complete list of the device PDN model’s ports or terminals and defines whether they are connected to pins or pin clusters, stimulus sources, or probes.
Sub-Params:	File_TS, File_IBIS-ISS, Analysis_type, Stimulus_group, Ports, Terminals, File_TerminalList. , Pin_target
Usage Rules:	Each power rail defined by a [SPIM Rail] keyword shall contain at least one [SPIM PDN File] keyword.
The File_TS and the File_IBIS-ISS subparameters are required, but they are mutually exclusive within a [SPIM PDN File] / [End SPIM PDN File] keyword pair.
The File_TS subparameter is followed by one unquoted string argument which is the file_reference for a Touchstone file.  The File_IBIS-ISS subparameter is followed by two unquoted string arguments consisting of the file_reference and subcircuit name for an IBIS-ISS file.  The referenced Touchstone or IBIS-ISS file shall be located in the same directory as the referencing .spim file or in a specified directory under the referencing file as determined by the directory path (i.e., a file reference containing a relative path to a directory below that of the referencing .spim file is permitted).
The Analysis_type subparameter is required and it is followed by one of the following three unquoted string arguments: DC, AC, or TD.  This subparameter specifies the analysis type for which the PDN model was created.
The Stimulus_group subparameter is required and it is followed by one unquoted string argument that must match the name argument of one of the [SPIM Stimulus Group] keywords within the same [SPIM Rail] / [End SPIM Rail] keyword pair.  The number of OB_Stimulus_<#> declarations in the [SPIM Stimulus Group] keyword must be equal to the number of OB_Stimulus_<#> occurrences in the [SPIM PDN File] keyword.
The Pin_target subparameter is optional, but it is only permitted with Analysis_type DC.  If present, it is followed by an unquoted string that matches the name argument of one of the [SPIM Target] keywords (within the same [SPIM Rail] / [End SPIM Rail] keyword pair) that contains the V_DCIR subparameter.
The last subparameter after the [SPIM PDN File] keyword shall be one of the following three subparameters: Ports, Terminals, File_TerminalList.  These are required subparameters, but they are mutually exclusive within a [SPIM PDN File] / [End SPIM PDN File] keyword pair.  In addition, the Ports subparameter is only allowed when the file type is File_TS and the Terminals and File_TerminalList subparameters are only allowed when the file type is File_IBIS-ISS.
The Ports subparameter is followed by as many lines of information as the number of ports in the S-parameter model that is referenced by the File_TS subparameter to define what is connected to each of its ports.  Each line following this subparameter shall have the following format:
<PortNumber>	<Functionality>	<TargetName>
where:
· <PortNumber>: required and must be an integer number greater than zero in the range of 1…N (where N = number of ports in the Touchstone file
· <Functionality>: required and must be one of the following three strings:
· OB_Stimulus_<#> must match one of the stimulus names declared in the [SPIM Stimulus Group] keyword.  Stimulus Ports are ports to which stimulus current sources are connected.  The positive terminal of the stimulus source is connected to the positive terminal of the port.  The negative terminal of the stimulus source is connected to the negative terminal of the port.
· Probe_<#>, where <#> is a placeholder for an integer number greater than zero.  Probe Ports are ports where the response of the design may be evaluated as seen at the die side of the device PDN model.  The positive terminal of the probe is connected to the positive terminal of the port.  The negative terminal of the probe is connected to the negative terminal of the port.
· A string that consists of two parts, delimited by a colon character (“:”).  The first part shall contain
· a <PowerPinClusterName> (declared in the [SPIM Pin Clusters] keyword), or
· a <PowerPinName>, the name of an individual power pin.
The second part shall contain
· a <GroundPinClusterName> (declared in the [SPIM Pin Clusters] keyword), or
· a <GroundPinName>, the name of an individual ground pin, or
· A_gnd.
The positive terminal of the port is connected to the power pin or power pin cluster.  The negative terminal of the port is connected to the ground pin or ground pin cluster or A_gnd.
· <TargetName>: required for Probe ports, optional for OB_Stimulus_<#> and pin interface ports.  If present, it must match the name argument of one of the [SPIM Target] keywords (Target_<#>).
A Port list must include at least one:
· pin-level Port line (using a power and ground pin cluster pair)
· stimulus Port line
· observation Port line
Consequently, a valid [SPIM PDN File] keyword shall contain a minimum of three Port lines for model type File_TS.
Since Touchstone S-parameter files do not contain any port connectivity information, it is the responsibility of the .spim file’s author to accurately document how the ports were set up when the S-parameter data was generated.  It is important to note that the author of the .spim file can (and should) only document what the functionality of the ports are and how they were set up (referenced) when the S-parameter data was generated, but cannot define how the S-parameter model should be instantiated and how its ports should be connected (referenced) in the simulation netlist because that may also depend on what other models are present in the simulation.  Consequently, it is up to the user of the model (or EDA tool) to decide whether to use an S-element with the 2N, N+x, N+1 or N notation or employ any other techniques.  This does not jeopardize the accuracy of the simulations because, by definition, S-parameter ports are electrically isolated.
The user (or EDA tool) must pay close attention to how the power and ground pins (balls) are clustered (grouped) for the pin interface ports of the device PDN model and make sure that the ports / terminals of the board to which the ports of the device PDN model are connected use matching clusters (groups).
The Terminals subparameter is followed by as many lines of information as needed to define what is connected to each terminal of the subcircuit that is referenced by the File_IBIS-ISS subparameter.  Each line following this subparameter shall have the following format:
<TerminalNumber>	<ReferenceTerminalNumber>	<Functionality>	<TargetName>
where:
· <TerminalNumber>: required.  It must be an integer number greater than zero in the range of 1…N (where N = number of terminals in the IBIS-ISS subcircuit) to represent the terminal number of the IBIS-ISS subcircuit (by position) when the <Functionality> column contains OB_Stimulus_<#> or Probe_<#> or a pair of power and ground pin cluster names.  If the <Functionality> column contains the name of an individual ground pin or ground pin cluster, it must be “NA”.
· <ReferenceTerminalNumber>: required.  It must be an integer number greater than zero in the range of 1…N (where N = number of terminals in the IBIS-ISS subcircuit) to represent the terminal number of the IBIS-ISS subcircuit (by position) when the <Functionality> column contains OB_Stimulus_<#> or Probe_<#> or a pair of power and ground pin cluster names.  If the <Functionality> column contains a pair of power and ground pin cluster names and the subcircuit terminal number in the first column doesn’t have a corresponding (exposed) reference terminal, it must be “A_gnd”.  If the <Functionality> column contains the name of an individual power pin or power pin cluster, it must be “NA”.
· <Functionality>: required and must be one of the following three strings:
· OB_Stimulus_<#> must match one of the stimulus names declared in the [SPIM Stimulus Group] keyword.  Stimulus Terminals are terminals to which stimulus current sources are connected.  The positive terminal of the stimulus source is connected to the terminal whose number appears in the first column.  The negative terminal of the stimulus source is connected to the terminal whose number appears in the second column.
· Probe_<#>, where <#> is a placeholder for an integer number greater than zero.  Probe Terminals are terminals where the response of the design may be evaluated as seen at the die side of the device PDN model.  The positive terminal of the probe is connected to the terminal whose number appears in the first column.  The negative terminal of the probe is connected to the terminal whose number appears in the second column.
· A string that contains one of the following items:
· If the first column contains a terminal number and the second column contains “NA”, the <Functionality> column shall contain
· a <PowerPinClusterName> (declared in the [SPIM Pin Clusters] keyword), or
· a <PowerPinName>, the name of an individual power pin.
· If the first column contains “NA” and the second column contains a terminal number, the <Functionality> column shall contain
· a <GroundPinClusterName> (declared in the [SPIM Pin Clusters] keyword), or
· a <GroundPinName>, the name of an individual ground pin, or
· A_gnd.
· If the first and second columns both contain a terminal number, the <Functionality. Column shall contain
· a <PowerPinClusterName> or a <PowerPinName> and a <GroundPinClusterName> or a [GroundPinName>, or A_gnd, joined by a colon character (“:”).
The terminal number in the first column is connected to the power pin or power pin cluster.  The terminal number in the second column is connected to the ground pin or ground pin cluster or A_gnd.
· <TargetName>: required for Probe, optional for OB_Stimulus_<#> and pin interface terminals.  If present, it must match the name argument of one of the [SPIM Target] keywords (Target_<#>).
A Terminals list must include at least one:
· pin-level terminal line
· stimulus terminal line
· probe terminal line
Consequently, a valid [SPIM PDN File] keyword shall contain a minimum of three terminal lines for model type File_IBIS-ISS.
Additional details on the Terminals subparameter:
As with Touchstone files, IBIS-ISS files do not contain any terminal connectivity information.  It is the responsibility of the .spim file’s author to accurately document how the terminals were set up when the IBIS-ISS subcircuit was generated.  It is important to note that the author of the .spim file can (and should) only document what the functionality of the terminals are and how they were set up (referenced) when the IBIS-ISS subcircuit was generated, but cannot define how the IBIS-ISS subcircuit should be instantiated and how its terminals should be connected (referenced) in the simulation netlist because that may also depend on what other models are present in the simulation.  Consequently, it is up to the user of the model (or EDA tool) to decide how the reference terminal(s) of IBIS-ISS subcircuits should be handled.
The user (or EDA tool) must pay close attention to how the power and ground pins (balls) are clustered (grouped) for the pin interface terminals of the device PDN model and make sure that the ports / terminals of the board to which the terminals of the device PDN model are connected use matching clusters (groups).
A major difference between IBIS-ISS subcircuits and Touchstone S-parameter models is that the content and the number of terminals of subcircuits is less predictable.  In contrast, putting aside the various S-element shorthand notations provided by EDA tools, all S-parameter ports have two terminals, and the ports are electrically isolated from each other.  While it is possible to write IBIS-ISS subcircuits in an S-parameter compatible manner (using dependent sources, such as Laplace elements, etc.), it is not guaranteed that all subcircuits are written that way.  This implies that even if the IBIS-ISS subcircuit has multiple reference terminals, the user (or EDA tool) cannot assume that they are electrically isolated (as the ports of S-parameter models are) and short them together in the simulation netlist.
Due to the differences between IBIS-ISS subcircuits and Touchstone S-parameter models, the syntax of the terminal lines is also different from the syntax of ports lines.
Numerical entries in the first column of terminal lines must be unique.  They are not allowed to appear more than once under the Terminals subparameter of a [SPIM PDN File] keyword.  Numerical entries in the second column of terminal lines may appear multiple times under the Terminals subparameter of a [SPIM PDN File] keyword, but only within the second column.  A terminal number in the first column is not allowed to be duplicated in the second column and a terminal number in the second column is not allowed to be duplicated in the first column.
These rules allow the device PDN model maker to write IBIS-ISS subcircuits with a separate reference terminal for each rail terminal, use a few or only one reference terminal for all rail terminals, or have no exposed reference terminals at all.  (In the context of S-elements, these options would resemble the 2N, N+x, N+1 and N notations).
Additional details on <TargetName>:
For Analysis_type AC, only those [SPIM Target] keywords may be referenced which contain an impedance vs. frequency data table or the subparameter File_PWL.  When such a target is applied to a stimulus source, the impedance target represents self-impedance.  When the target is applied to a probe port or a pin interface port, the impedance target represents trans-impedance.
For Analysis_type TD, only those [SPIM Target] keywords may be referenced which contain the subparameter V_TDlimits (and the optional subparameter V_p2p).
For Analysis_type DC, only those [SPIM Target] keywords may be referenced which contain the subparameter V_DCIR.  In addition, the <Target> column must be left blank on Terminal lines or Port lines associated with the pin interface (containing pins names or pin cluster names in the <Functionality> column), and, if needed, the Pin_target subparameter should be used instead.
When the device PDN is modeled by a Touchstone S-parameter file, observations (measurements) are always made between the positive and negative terminals of its ports.  (This is true even if the reference terminal of the port is connected to the global simulator reference node, A_gnd).  Each port line following the Ports subparameter of the [SPIM PDN File] keyword may refer to a target definition in the [SPIM Target] keyword.  The observations made at the port should satisfy the associated target requirements for that port.
When the device PDN is modeled by an IBIS-ISS subcircuit, observations (measurements) are made between two subcircuit terminals, or a subcircuit terminal and the global simulator reference node, A_gnd.  Each terminal line following the Terminals subparameter of the [SPIM PDN File] keyword may refer to a target definition in the [SPIM Target] keyword if their first column does not contain “NA”.
Terminal lines which contain OB_Stimulus_<#> or Probe_<#> in the <Functionality> column will always contain a terminal number in the first column, and a terminal number or A_gnd in the second column.  In this case the observation is made between two subcircuit terminals or a subcircuit terminal and A_gnd.
Terminal lines associated with the pin interface (pins or pin clusters) have several syntax varieties.
When the subcircuit terminal is connected to a power pin or a power pin cluster, the first column contains a terminal number, the second column contains “NA”, and the third (<Functionality>) column contains the name of a power pin or power pin cluster.  In this case, the fourth column (<Target>) may contain the name of a target (defined in the [SPIM Target] keyword) followed by a colon (“:”) character and a terminal number from the second column (associated with a ground pin or ground pin cluster) or A_gnd.  This syntax provides a full description for how the observation (measurement) should be made for the subcircuit terminal whose number is in the first column.
When the subcircuit terminal is connected to a ground pin or a ground pin cluster, the first column contains “NA”, the second column contains a terminal number, and the third (<Functionality>) column contains the name of a ground pin or ground pin cluster.  In this case, the fourth column (<Target>) must be left blank.
When the subcircuit terminal is connected to a pair of power and ground pins or power and ground pin clusters, both the first and second columns contain a terminal number.  The third (<Functionality>) column contains the name of a power pin or power pin cluster followed by a colon (“:”) character and the name of a ground pin or ground pin cluster.  In this case, the fourth column (<Target>) may contain the name of a target (defined in the [SPIM Target] keyword) (without any additional information) and the observation (measurement) is made between the subcircuit terminals whose numbers are in the first and second columns.
The observations (measurements) made as described above should satisfy the associated target requirements for the subcircuit terminal(s) involved.
The File_TerminalList subparameter (permitted for DC analysis only) is optional.  If present, it is followed by one unquoted string argument which is the file_reference for a Terminal List file.  The name of the referenced Terminal List file is <stem>.tls, where <stem> must conform to the naming rules given in Section 3.1, “FILE NAMING CONVENTIONS” of this specification.  The .tls extension is mandatory.  The referenced Terminal List file shall be located in the same directory as the referencing .spim file or in a specified directory under the referencing file as determined by the directory path (i.e., a file reference containing a relative path to a directory below that of the referencing .spim file is permitted).  A Terminal List file contains the same information that would otherwise be provided by the Terminals subparameter.
Other Notes:	It is recommended for SPIM file authors to place probe ports or terminals during model extraction on physical sensing locations, such as VRM feedback points, to make correlation between simulations and validation lab measurements easier.
Examples:
| The following example illustrates a Touchstone S-parameter device PDN model
| with 21 ports for AC analysis using power/ground pin cluster pairs at the
| pin interface
[SPIM PDN File]	PDNselectorName_1
| file_type	file_reference
File_TS	MyModelFiles/MyCPU2_Vdd3p3.s21p
Analysis_type	AC
Stimulus_group	StimulusGroupName_1
Ports
| Port#	Functionality	Target
1	OB_Stimulus_1
2	OB_Stimulus_2
3	OB_Stimulus_3
4	OB_Stimulus_4
5	OB_Stimulus_5	Target_1
6	OB_Stimulus_6	Target_1
7	OB_Stimulus_7	Target_2
8	OB_Stimulus_8	Target_2
14	Vdd3p3_4:Vss_4		| pwr/gnd pin cluster pair
15	Vdd3p3_5:Vss_5	Target_4	| pwr/gnd pin cluster pair
16	Vdd3p3_6:Vss_6	Target_5	| pwr/gnd pin cluster pair
17	Vdd3p3_7:Vss_7	Target_6	| pwr/gnd pin cluster pair
11	Vdd3p3_1:Vss_1	Target_7	| pwr/gnd pin cluster pair
12	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
13	Vdd3p3_3:Vss_3		| pwr/gnd pin cluster pair
18	Vdd3p3_8:Vss_8		| pwr/gnd pin cluster pair
19	Vdd3p3_9:Vss_9		| pwr/gnd pin cluster pair
20	Vdd3p3_10:Vss_10		| pwr/gnd pin cluster pair
21	Vdd3p3_11:Vss_11		| pwr/gnd pin cluster pair
9	Probe_1	Target_3
10	Probe_2	Target_3
[End SPIM PDN File]


| The following example illustrates a Touchstone S-parameter device PDN model
| with 21 ports for TD analysis using power/ground pin cluster pairs at the
| pin interface
[SPIM PDN File]	PDNselectorName_2
| file_type	file_reference
File_TS	MyModelFiles/MyCPU2_Vdd3p3.s21p
Analysis_type	TD
Stimulus_group	StimulusGroupName_3
Ports
| Port#	Functionality	Target
1	OB_Stimulus_1
2	OB_Stimulus_2
3	OB_Stimulus_3
4	OB_Stimulus_4
5	OB_Stimulus_5	Target_10
6	OB_Stimulus_6	Target_10
7	OB_Stimulus_7	Target_11
8	OB_Stimulus_8	Target_11
14	Vdd3p3_4:Vss_4		| pwr/gnd pin cluster pair
15	Vdd3p3_5:Vss_5	Target_4	| pwr/gnd pin cluster pair
16	Vdd3p3_6:Vss_6	Target_5	| pwr/gnd pin cluster pair
17	Vdd3p3_7:Vss_7	Target_6	| pwr/gnd pin cluster pair
11	Vdd3p3_1:Vss_1	Target_7	| pwr/gnd pin cluster pair
12	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
13	Vdd3p3_3:Vss_3		| pwr/gnd pin cluster pair
18	Vdd3p3_8:Vss_8		| pwr/gnd pin cluster pair
19	Vdd3p3_9:Vss_9		| pwr/gnd pin cluster pair
20	Vdd3p3_10:Vss_10		| pwr/gnd pin cluster pair
21	Vdd3p3_11:Vss_11		| pwr/gnd pin cluster pair
9	Probe_1	Target_12
10	Probe_2	Target_12
[End SPIM PDN File]


| The following example illustrates an IBIS-ISS subcircuit device PDN model
| with 42 terminals, half of which are reference terminals (2N notation)
[SPIM PDN File]	PDNselectorName_3
| file_type	file_reference	subcircuit_name
File_IBIS-ISS	MyModelFiles/MyCPU2_Vdd3p3.iss	MyCPU2_PDN
Analysis_type	AC
Stimulus_group	StimulusGroupName_1
Terminals
| Term#	RefTerm#	Functionality	Target
1	2	OB_Stimulus_1
3	4	OB_Stimulus_2
5	6	OB_Stimulus_3
7	8	OB_Stimulus_4
9	10	OB_Stimulus_5	Target_1
11	12	OB_Stimulus_6	Target_1
13	14	OB_Stimulus_7	Target_2
15	16	OB_Stimulus_8	Target_2
27	28	Vdd3p3_4:Vss_4		| pwr/gnd pin cluster pair
29	30	Vdd3p3_5:Vss_5	Target_4	| pwr/gnd pin cluster pair
31	32	Vdd3p3_6:Vss_6	Target_5	| pwr/gnd pin cluster pair
33	34	Vdd3p3_7:Vss_7	Target_6	| pwr/gnd pin cluster pair
21	22	Vdd3p3_1:Vss_1	Target_7	| pwr/gnd pin cluster pair
23	24	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
25	26	Vdd3p3_3:Vss_3		| pwr/gnd pin cluster pair
35	36	Vdd3p3_8:Vss_8		| pwr/gnd pin cluster pair
37	38	Vdd3p3_9:Vss_9		| pwr/gnd pin cluster pair
39	40	Vdd3p3_10:Vss_10		| pwr/gnd pin cluster pair
41	42	Vdd3p3_11:Vss_11		| pwr/gnd pin cluster pair
17	18	Probe_1	Target_3
19	20	Probe_2	Target_3
[End SPIM PDN File]


| The following example illustrates an IBIS-ISS subcircuit device PDN model
| with 24 terminals from which 3 are reference terminals (N+3 notation)
[SPIM PDN File]	PDNselectorName_4
| file_type	file_reference	subcircuit_name
File_IBIS-ISS	MyModelFiles/MyCPU2_Vdd3p3.iss	MyCPU2_PDN
Analysis_type	AC
Stimulus_group	StimulusGroupName_1
Terminals
| Term#	RefTerm#	Functionality	Target
1	9	OB_Stimulus_1
2	9	OB_Stimulus_2
3	9	OB_Stimulus_3
4	9	OB_Stimulus_4
5	9	OB_Stimulus_5	Target_1
6	9	OB_Stimulus_6	Target_1
7	9	OB_Stimulus_7	Target_2
8	9	OB_Stimulus_8	Target_2
16	24	Vdd3p3_4:Vss_4		| pwr/gnd pin cluster pair
17	24	Vdd3p3_5:Vss_5	Target_4	| pwr/gnd pin cluster pair
18	24	Vdd3p3_6:Vss_6	Target_5	| pwr/gnd pin cluster pair
19	24	Vdd3p3_7:Vss_7	Target_6	| pwr/gnd pin cluster pair
13	24	Vdd3p3_1:Vss_1	Target_7	| pwr/gnd pin cluster pair
14	24	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
15	24	Vdd3p3_3:Vss_3		| pwr/gnd pin cluster pair
20	24	Vdd3p3_8:Vss_8		| pwr/gnd pin cluster pair
21	24	Vdd3p3_9:Vss_9		| pwr/gnd pin cluster pair
22	24	Vdd3p3_10:Vss_10		| pwr/gnd pin cluster pair
23	24	Vdd3p3_11:Vss_11		| pwr/gnd pin cluster pair
10	12	Probe_1	Target_3
11	12	Probe_2	Target_3
[End SPIM PDN File]


| The following example illustrates an IBIS-ISS subcircuit device PDN model
| with 22 terminals from which 1 is a reference terminal (N+1 notation)
[SPIM PDN File]	PDNselectorName_5
| file_type	file_reference	subcircuit_name
File_IBIS-ISS	MyModelFiles/MyCPU2_Vdd3p3.iss	MyCPU2_PDN
Analysis_type	AC
Stimulus_group	StimulusGroupName_1
Terminals
| Term#	RefTerm#	Functionality	Target
1	22	OB_Stimulus_1
2	22	OB_Stimulus_2
3	22	OB_Stimulus_3
4	22	OB_Stimulus_4
5	22	OB_Stimulus_5	Target_1
6	22	OB_Stimulus_6	Target_1
7	22	OB_Stimulus_7	Target_2
8	22	OB_Stimulus_8	Target_2
14	22	Vdd3p3_4:Vss_4		| pwr/gnd pin cluster pair
15	22	Vdd3p3_5:Vss_5	Target_4	| pwr/gnd pin cluster pair
16	22	Vdd3p3_6:Vss_6	Target_5	| pwr/gnd pin cluster pair
17	22	Vdd3p3_7:Vss_7	Target_6	| pwr/gnd pin cluster pair
11	22	Vdd3p3_1:Vss_1	Target_7	| pwr/gnd pin cluster pair
12	22	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
13	22	Vdd3p3_3:Vss_3		| pwr/gnd pin cluster pair
18	22	Vdd3p3_8:Vss_8		| pwr/gnd pin cluster pair
19	22	Vdd3p3_9:Vss_9		| pwr/gnd pin cluster pair
20	22	Vdd3p3_10:Vss_10		| pwr/gnd pin cluster pair
21	22	Vdd3p3_11:Vss_11		| pwr/gnd pin cluster pair
9	22	Probe_1	Target_3
10	22	Probe_2	Target_3
[End SPIM PDN File]


| The following example illustrates an IBIS-ISS subcircuit device PDN model
| with 21 terminals without any exposed reference terminals (N notation)
[SPIM PDN File]	PDNselectorName_6
| file_type	file_reference	subcircuit_name
File_IBIS-ISS	MyModelFiles/MyCPU2_Vdd3p3.iss	MyCPU2_PDN
Analysis_type	AC
Stimulus_group	StimulusGroupName_1
Terminals
| Term#	RefTerm#	Functionality	Target
1	A_gnd	OB_Stimulus_1
2	A_gnd	OB_Stimulus_2
3	A_gnd	OB_Stimulus_3
4	A_gnd	OB_Stimulus_4
5	A_gnd	OB_Stimulus_5	Target_1
6	A_gnd	OB_Stimulus_6	Target_1
7	A_gnd	OB_Stimulus_7	Target_2
8	A_gnd	OB_Stimulus_8	Target_2
14	A_gnd	Vdd3p3_4:Vss_4		| pwr/gnd pin cluster pair
15	A_gnd	Vdd3p3_5:Vss_5	Target_4	| pwr/gnd pin cluster pair
16	A_gnd	Vdd3p3_6:Vss_6	Target_5	| pwr/gnd pin cluster pair
17	A_gnd	Vdd3p3_7:Vss_7	Target_6	| pwr/gnd pin cluster pair
11	A_gnd	Vdd3p3_1:Vss_1	Target_7	| pwr/gnd pin cluster pair
12	A_gnd	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
13	A_gnd	Vdd3p3_3:Vss_3		| pwr/gnd pin cluster pair
18	A_gnd	Vdd3p3_8:Vss_8		| pwr/gnd pin cluster pair
19	A_gnd	Vdd3p3_9:Vss_9		| pwr/gnd pin cluster pair
20	A_gnd	Vdd3p3_10:Vss_10		| pwr/gnd pin cluster pair
21	A_gnd	Vdd3p3_11:Vss_11		| pwr/gnd pin cluster pair
9	A_gnd	Probe_1	Target_3
10	A_gnd	Probe_2	Target_3
[End SPIM PDN Filie]


| The following example illustrates an IBIS-ISS subcircuit device PDN model
| with 34 terminals
[SPIM PDN File]	PDNselectorName_7
| file_type	file_reference	subcircuit_name
File_IBIS-ISS	MyModelFiles/MyCPU2_Vdd3p3.iss	MyCPU2_PDN_Rnetwork
Analysis_type	DC
Stimulus_group	StimulusGroupName_2
Pin_target	Target_204
Terminals
| Term#	RefTerm#	Functionality	Target
1	2	OB_Stimulus_1
3	4	OB_Stimulus_2
5	6	OB_Stimulus_3
7	8	OB_Stimulus_4
9	10	OB_Stimulus_5	Target_201
11	12	OB_Stimulus_6	Target_201
13	14	OB_Stimulus_7	Target_202
15	16	OB_Stimulus_8	Target_202
21	NA	AA1	Target_500:27	| individual power pin
22	NA	AB2	Target_501:A_gnd	| individual power pin
23	NA	AC3	Target_502:27	| individual power pin
24	NA	AD4		| individual power pin
25	NA	AE5	Target_503:32	| individual power pin
NA	26	BA1		| individual ground pin
NA	27	BB2		| individual ground pin
NA	28	BC3		| individual ground pin
NA	29	BD4		| individual ground pin
NA	30	BE5		| individual ground pin
31	NA	Vdd3p3_1		| power pin cluster
NA	32	Vss_1		| ground pin cluster
33	34	Vdd3p3_2:Vss_2		| pwr/gnd pin cluster pair
17	18	Probe_1	Target_203
19	20	Probe_2	Target_203
[End SPIM PDN File]


Keyword:	[End SPIM PDN File]
Required:	No. but it is required if the [SPIM PDN File] keyword is present.
Description:	Indicates the end of the data after [SPIM PDN File].
Example:
[End SPIM PDN File]
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