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DEFINITION OF THE ISSUE:
(Define the issue here. See instructions starting on template page two.)
Power Integrity (PIM) models described in this BIRD focus on board level Power Delivery Network (PDN) analysis only.  For this reason, the details of I/O buffers, on-die interconnect and package in the device are not modeled and simulated.  Instead, PIM models describe the power consumption of everything that is behind the pins (balls) of the device using device PDN models provided in the form of Touchstone S-parameter models or IBIS-ISS (SPICE) subcircuits and current sources.  Rules with design targets are also provided to help board designers to evaluate the simulation results and make pass/fail decisions.
PIM files may provide impedance vs. frequency target tables and other design requirements (rules) for each connection point.  EDA tools or platform designers may evaluate the responses observed at these locations against the impedance target tables or design requirements (rules) to make pass/fail decisions about the design.

SOLUTION REQUIREMENTS:
The IBIS specification must meet these requirements: 
A .pim file is primarily intended to be a self-contained file, but optionally it may be referenced from an .ibs or .emd file to establish a relationship with them if necessary, or to eliminate the need to duplicate the pin list between the .ibs or .emd file and the .pim file.  Other than that, all other PIM model-related information is placed into the .pim files.  PIM models are stored in files whose name is <stem>.pim, where <stem> must conform to the naming rules given in “FILE NAMING CONVENTIONS” of this specification.  The pim extension is mandatory.
Table 1: Solution Requirements
	Requirement
	Notes

	· .PIM file
	A .pim file is structured like a standard .ibs file.

	· The actual device PDN description is located between the [Begin PIM] / [End PIM] keyword pair and may include the keywords and subparameters.
	PDN description keywords and parameters.




SUMMARY OF PROPOSED CHANGES:
For review purposes, the proposed changes are summarized as follows:
Table 2: IBIS Keywords, Subparameters,  AMI Reserved_Parameters, and AMI functions  Affected
	Specification Item
	New Modified Other
	Notes

	[Begin PIM]
	New
	Keyword

	[Manufacturer]	
	Other
	Keyword inherited from IBIS .ibs format

	[Description]
	Other
	Keyword inherited from IBIS .ibs format

	[Number of PI Pins]
	New
	Keyword

	[PIM Pin List]
	New
	Keyword

	Signal_name
	New
	Parameter

	Signal_type
	New
	Parameter

	[End PIM Pin List]
	New
	Keyword

	[Rail Signal Name]
	New
	Keyword

	[Configurations]
	New
	Keyword

	[End Configurations]
	New
	Keyword

	[PI Model]
	New
	Keyword

	Analysis_type
	New
	Parameter

	Device_PDN_model
	New
	Parameter

	File_PWL
	New
	Parameter

	Current
	New
	Parameter

	Voltage_target
	New
	Parameter

	V_ringing
	New
	Parameter

	V_p2p
	New
	Parameter

	Max_pin_current
	New
	Parameter

	[Self-impedance Target]
	New
	Keyword

	[End Self-impedance Target]
	New
	Keyword

	[Trans-impedance Target]
	New
	Keyword

	[End Trans-impedance Target]
	New
	Keyword

	[Stimulus]
	New
	Keyword

	[End Stimulus]
	New
	Keyword

	[Rule]
	New
	Keyword

	Voltage_target
	New
	Parameter

	V_ringing
	New
	Parameter

	V_p2p
	New
	Parameter

	Max_pin_current
	New
	Parameter

	[Self-impedance Target]
	New
	Keyword

	[End Self-impedance Target]
	New
	Keyword

	[Trans-impedance Target]
	New
	Keyword

	[End Trans-impedance Target]
	New
	Keyword

	[End Rule]
	New
	Keyword

	[Port Rules]
	New
	Keyword

	[End Port Rules]
	New
	Keyword

	[End PI Model]
	New
	Keyword

	[Groups]
	New
	Keyword

	[End Groups]
	New
	Keyword

	[Device PDN Model]
	New
	Keyword

	File_TS
	Other
	Inherited from IBIS .ibs format

	File_IBIS-ISS
	Other
	Inherited from IBIS .ibs format

	Number_of_ports
	New
	Parameter

	Number_of_terminals
	New
	Parameter

	[Groups]
	New
	Keyword

	[End Groups]
	New
	Keyword

	[End Device PDN Model]
	New
	Keyword

	[End Rail Signal Name]
	New
	Keyword

	[End PIM]
	New
	Keyword



PROPOSED CHANGES:

Power Integrity ModelING (PIM)

[bookmark: _Toc90028912][bookmark: _Toc125702961]Introduction


In this chapter, the term IBIS Component refers to an integrated circuit that contains I/O buffers (among other things), which may be modeled with or without on-die interconnect models located between the buffer terminals and die pads (bumps), and with or without package models located between the die pads (bumps) and pins (balls).  A module is a part that carries multiple IBIS Components which may be modeled with one or more interconnect models between its pins (balls, card edge fingers, etc.) and the pins (balls) of the devices that it carries.  A device is either an IBIS Component or a module.
Power Integrity (PIM) models described in this section focus on board level Power Delivery Network (PDN) analysis only.  For this reason, the details of I/O buffers, on-die interconnect and package in the device are not modeled and simulated.  Instead, PIM models describe the power consumption of everything that is behind the pins (balls) of the device using device PDN models provided in the form of Touchstone S-parameter models or IBIS-ISS (SPICE) subcircuits and current sources.  Rules with design targets are also provided to help board designers to evaluate the simulation results and make pass/fail decisions.
PIM files are created by device vendors after they have completed their design and are provided for platform design engineers as power integrity design collaterals with minimal, yet sufficient information to support them in the design, optimization, verification, review, and sign off of their platform products.  In other words, the results of any board level PDN analysis cannot be used to influence or change the PDN design of devices.  PIM models contain behavioral representations of the PDN of devices with sufficient accuracy for platform designers to perform their board design and analysis work.  Working with such behavioral models protects the intellectual property (IP) of device vendors and reduces simulation time.
The term connection point is used here to refer to Touchstone ports and SPICE subcircuit terminals.  The details of how Touchstone ports or SPICE subcircuit terminals are connected to device pins (balls), current sources and probes are provided in the keyword descriptions below.
The concept of PIM modeling is illustrated in Figure-1.  A full platform PDN typically includes three major component segments:
1) power routing on the die of the IBIS Component (including decoupling capacitances)
2) power routing in the package of the IBIS Component and the module (with decoupling capacitors if present)
3) on board PDN routing with decoupling capacitors and one or more Voltage Regulator Modules (VRM), including their controller, bulk inductor(s) (Lbulk), and bulk capacitor(s) (Cbulk).
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Figure-1 PI in platform Power Delivery Network (PDN)

Device_PDN_model files describe the device PDN with Touchstone S-parameter or IBIS-ISS (SPICE) subcircuit models using three types of connection points:
1) pin-level connection points, where the power and ground pins (balls) of the device PDN model are connected to the Printed Circuit Board (PCB),
2) stimulus connection points, where the DC, AC, or piecewise linear (PWL) time domain (TD) current sources are attached to the device PDN model, representing the current consumption of the various subsystems in the device, and
3) probe connection points, where the response of the design is observed on the device and evaluated against design targets or requirements (see illustration in Figure-x).
Rules and design targets may be applied at any of these connection points.
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Figure-x Example PI model with functional connection points defined.
In order to achieve a reasonable balance between simulation accuracy and efficiency, the creator of Device_PDN_model files may define grouped device pins (balls) for the pin-level connection points.  Consequently, the corresponding footprint pads on the PCB will have to be grouped the same way to facilitate mating the PCB PDN model with the device PDN model.  A device PDN model will have as many pin-level connection points as needed to make the connections with the PCB, plus N stimuli, and M probes.  The PDN model of the PCB will need a matching number of pin-level connection points for the device PDN model, plus one or more connection points for the VRM and the decoupling capacitors on the PCB.
PIM files may provide impedance vs. frequency target tables and other design requirements (rules) for each connection point.  EDA tools or platform designers may evaluate the responses observed at these locations against the impedance target tables or design requirements (rules) to make pass/fail decisions about the design.
The impedance values in the impedance vs. frequency target tables may represent self-impedance or trans-impedance, depending on where the observation is made with respect to the stimulus source(s).  More detail about this is provided in the keyword descriptions below.
As shown in Figure-y, the platform’s impedance response observed at a connection point will vary depending on how many of the three major component segments are present in a simulation.  A typical platform PDN usually has three major impedance peaks:
1) the peak in Zone-1, usually above 10 – 20 MHz (red curve) will not appear when the on-die PDN is excluded from the analysis,
2) the peak in Zone-2, usually in the frequency range of 1 – 10 MHz (blue curve) will not appear when the on-die PDN and the device package or module PDN are excluded from the analysis, and
3) the peak in Zone-3, usually below 1 MHz (magenta curve) results from the interaction between the PCB routing, on board decoupling capacitors and VRM.
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Figure-y Platform impedance curves
It can be seen in Figure-y that there is a significant interaction between the device package or module PDN segment and the board PDN segment in the frequency range of approximately 2 – 20 MHz.  Note that these response curves might be different at each connection point and may vary for different device performance settings.
The impedance target tables include the effects of the VRM(s), bulk inductors and capacitors, and decoupling capacitors on the PCB as well as the effects of all computational blocks and I/O interfaces on the device, usually covering a frequency range from DC (or less than 10 kHz) to approximately 20 MHz.
The impedance target tables have one impedance value per frequency point.  A PIM file may have multiple PIM models with design targets and rules for different speed grades of the device.

[bookmark: _Toc90028913][bookmark: _Toc125702962]PIM Files
A PIM file describes the power consumption characteristics of a device with Touchstone S-parameter or IBIS-ISS (SPICE) models and stimulus current sources and provides probes where the response of a design may be evaluated.
Usage Rules:
A .pim file is primarily intended to be a self-contained file, but optionally it may be referenced from an .ibs or .emd file to establish a relationship with them if necessary, or to eliminate the need to duplicate the pin list between the .ibs or .emd file and the .pim file.  Other than that, all other PIM model-related information is placed into the .pim files.  PIM models are stored in files whose name is <stem>.pim, where <stem> must conform to the naming rules given in Section Error! Reference source not found., “FILE NAMING CONVENTIONS” of this specification.  The pim extension is mandatory.
Contents:
[bookmark: _Hlk219817183]A .pim file is structured like a standard .ibs file.  It must begin with the following keywords, as defined in IBIS:
[IBIS Ver]
[File Name]
[File Rev]
The above three required keywords may be followed by the optional keywords:
[Comment Char]
[Date]
[Source]
[Notes]
[Disclaimer]
[Copyright]
The actual device PDN description is located between the [Begin PIM] / [End PIM] keyword pair, and may include the following keywords and subparameters:
[bookmark: _Hlk221025215][Begin PIM]	<PIM name>
[Manufacturer]	<Manufacturer name>
[Description]	<One line description text>
[Number of PI Pins]	<Integer number>
[PIM Pin List]	Signal_name	Signal_type
[End PIM Pin List]

[Rail Signal Name]	<Signal_name>
[Configurations]
[End Configurations]
[PI Model]	<PI model name>
Analysis_type
Device_PDN_model
File_PWL
Current
Voltage_target	
V_ringing
V_p2p
Max_pin_current
[Self-impedance Target]
…
[End Self-impedance Target]
[Trans-impedance Target]
…
[End Trans-impedance Target]
[Stimulus]
[End Stimulus]
[Rule]	<Rule name>
Voltage_target
V_ringing
V_p2p
Max_pin_current
[Self-impedance Target]
…
[End Self-impedance Target]
[Trans-impedance Target]
…
[End Trans-impedance Target]
[End Rule]
[Port Rules]
[End Port Rules]
[End PI Model]

[Groups]
…
[End Groups]

[Device PDN Model]	<Device PDN name>
File_TS
File_IBIS-ISS
Analysis_type
Number_of_ports
Number_of_terminals
[Groups]
…
[End Groups]
[End Device PDN Model]
[End Rail Signal Name]
[End PIM]
Finally, the last keyword in a .pim file shall be:
[End]


[bookmark: _Toc90028914][bookmark: _Toc125702963]Keyword Definitions

Keyword:	[Begin PIM]
Required:	Yes
Description:	Marks the beginning of a Power Integrity (PI) model
Sub-Params:	none
Usage Rules:	The keyword is followed by the name of the PI model.  The length of the PI model name must not exceed 40 characters, and blank characters are not allowed.  There must be a matching [End PIM] keyword.
Other Notes:	Only one [Begin PIM] keyword is permitted in a .pim file.  Note that this is different from the corresponding rules for .ibs, .pkg, and .ebd files.
Example:
[Begin PIM]	MyPImodelName


Keyword:	[Manufacturer]
Required:	Yes, if [Begin PIM] exists.
Description:	Declares the manufacturer of the device whose PI model is enclosed within the [Begin PIM] / [End PIM] keyword pair in this .pim file.
Sub-Params:	none
Usage Rules:	Following the keyword is the manufacturer’s name.  It must not exceed 40 characters and may include blank characters.  Each manufacturer must use a consistent name in all of their .pim files.
Example:
[Manufacturer]	NoName Corp.


Keyword:	[Description]
Required:	No
Description:	Provides a concise explanation of what kind of device the PI model represents.
Usage Rules:	The text shall fit on a single line and may contain spaces.
Example:
[Description] A high-power, high-speed CPU in a 2000-pin BGA package


Keyword:	[Number of PI Pins]
Required:	Yes, if PIM file not referenced in an .ibs or .emd file
Description:	Defines the Number of PI Pins, which shall match the number of pins contained by the [PIM Pin List] keyword.  PI pins are any externally accessible electrical connection points to the device.
Sub-Params:	none
Usage Rules:	The [Number of PI Pins] keyword is required when the PIM file is not referenced by a .ibs or .emd file.  The keyword is followed by a white space and a positive integer number greater than zero.  The [Number of PI Pins] keyword must be positioned immediately before the [PI Pin List] keyword.  Only one [Number of PI Pins] keyword is permitted within the [Begin PI] / [End PI] keyword pair in a .pim file.
Example:
[Number of PI Pins] 2000


Keyword:	[PI Pin List]
Required:	Yes, if PIM file not referenced in an .ibs or .emd file
Description:	Declares the pin names of the user accessible pins.  It also defines the Signal_name and Signal_type of each pin.
Sub-Params:	Signal_name, Signal_type
Usage Rules:	The [PI Pin List] keyword is required when the PIM file is not referenced in an .ibs or .emd file.  Only one [PI Pin List] / [End PI Pin List] keyword pair is permitted within the [Begin PI] / [End PI] keyword pair in a .pim file.
The [PI Pin List] keyword shall be followed by the subparameter names Signal_name and Signal_type, separated by a white space, to serve as column headings.  The keyword and its subparameters shall be followed by as many rows of information as the Number of PI Pins declared by the preceding [Number of PI Pins] keyword.  Each row may contain up to three columns of information.  The first two columns are required in each row for each pin type.
The first column lists the pin name (in the data book this might 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 device.  The pin_name entry shall not exceed eight characters in length.  To be pin compatible with .ibs files used in signal integrity simulations, I/O and NC pins are not prohibited in the [PI Pin List], but they will be ignored in power integrity simulations using the PI model.
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.
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 Error! Reference source not found., “SYNTAX RULES”) are:
POWER	- reserved signal type name, used with power supply pins
GND	- reserved signal type name, used with ground pins
NC	- reserved signal type 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 Error! Reference source not found., “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.
Example:
[Number of PI Pins]	2000
[PI Pin List]	Signal_name	Signal_type
A1	Vss	GND
A2	Vdd_1p8	POWER
A3	Vss	GND
A4	DQ1		| I/O pin, ignored
A5	DQ2		| I/O pin, ignored
A6	Vss	GND
A7	Vdd_1p8	POWER
A8	Vss	GND
A9	RFU	NC	| No connect pin, ignored
B1	Vss	GND
B2	Vdd_1p2	POWER
B3	Vss	GND
B4	Vdd_1p2	POWER
B5	Vss	GND
C1	Vdd_1p2	POWER
C2	Vss	GND
C3	Vdd_1p2	POWER
C4	Vss	GND
…
[End PI Pin List]


Keyword:	[End PI Pin List]
Required:	Yes, if [PI Pin List] exists.
Description:	Indicates the end of the data after [PI Pin List].
Example:
[End PI Pin List]


Keyword:	[Rail Signal Name]
Required:	Yes, if [Begin PIM] exists.
Description:	The [Rail Signal Name] / [End Rail Signal Name] keyword pair contains one or more [PI Model] / [End PI Model] keyword pairs to provide the information that is needed to perform a power integrity analysis of one power supply rail of a device.
Sub-Params:	Analysis_type, Device_PDN_model
Usage Rules:	A [Begin PIM] / [End PIM] keyword pair in a .pim file must contain at least one [Rail Signal Name] / [End Rail Signal Name] keyword pair.  Each [Rail Signal Name] keyword shall be followed by a white space and an argument containing a unique Signal_name that matches one of the signal names in the pin list that is associated with Signal_type POWER.
Other Notes:	Numerical entries within the [Rail Signal Name] / [End Rail Signal Name] keyword pair must be provided in integer, scientific or floating-point notation.
The [Rail Signal Name] / [End Rail Signal Name] keyword pair contains the following two keyword pairs:
[PI Model] / [End PI Model]
[Device PDN Model] / [End Device PDN Model]
These keyword pairs contain additional keyword pairs, as described below.
Example:
[Rail Signal Name]	Vdd_1p8


Keyword:	[Configurations]
Required:	No.
Description:	Computer subsystems can be configured to run at different speeds by either changing clock frequencies or voltage rail levels.  The [Configurations] keyword defines a list of configurations for the rail described by the [Rail Signal Name] keyword.  Each configuration has a configuration name and the name of one or more [PI Model]s which should be used for that configuration.
Sub-Params:	none
Usage Rules:	The [Configurations] / [End Configurations] keyword pair is optional.  If present, only one [Configurations] / [End Configurations] keyword pair is permitted within each [Rail Signal Name] / [End Rail Signal Name] keyword pair.  If the [Configurations] keyword is not present, all [PI Model]s shall be applied to the rail described by the [Rail Signal Name] / [End Rail Signal Name] keyword pair.
A [PI Model] within a [Rail Signal Name] / [End Rail Signal Name] keyword pair may be used by one or multiple configurations.
Other Notes:	Each configuration has:
· A configuration name
· A list of [PI Model] names, each of which may contain:
· A [Device PDN Model] (likely the same for each configuration)
· [Rule] and [Port Rules] keywords
· A Current and Max_pin_current subparameter (may be the same for each configuration)
· A Voltage_target, Voltage_ringing and V_p2p subparameter (likely different for each configuration)
· TD waveform(s) (likely different for each configuration)
· Self and Trans-impedance masks (may be different for each configuration)
Note:  “likely the same”, “likely different”, “may be the same”, “may be different”, are just educated guesses.
Example:
[Configurations]
| Configuration <PI Model> <PI Model> <PI Model> …
Slow	Slow_AC	Slow_TD	Typ_DC
Typ	Typ_AC	Typ_TD	Typ_DC
Fast	Fast_AC	Fast_TD	Typ_DC
Turbo	Turbo_AC	Turbo_TD	Turbo_DC
[End Configurations]


Keyword:	[End Configurations]
Required:	Yes, if [Configurations] exists.
Description:	Indicates the end of the data after [Configurations].
Example:
[End Configurations]


Keyword:	[PI Model]
Required:	Yes, if [Rail Signal Name] exists.
Description:	The [PI Model] / [End PI Model] keyword pair contains the definitions of stimulus sources, probes along with their associated parameters, design targets and rules to be used in the analysis of a power supply rail of a device.
Sub-Params:	Analysis_type, Device_PDN_model, File_PWL, Current, Voltage_target, V_ringing, V_p2p, Max_pin_current
Usage Rules:	A [Rail Signal Name] / [EndRail Signal Name] keyword pair must contain at least one [PI Model] / [End PI Model] keyword pair.  Each [PI Model] keyword shall be followed by a white space and a unique analysis name.  The analysis name argument may be freely composed by the model maker but may not contain spaces and must be limited to 40 characters.  Multiple [PI Model] / [End PI Model] keyword pairs may exist within a [Rail Signal Name] / [End Rail Signal Name] keyword pair, even if they contain information for the same analysis type.
Each [PI Model] / [End PI Model] keyword pair must contain one [Stimulus] / [End Stimulus] keyword pair, one [Port Rules] / [End Port Rules] keyword pair and one or more [Rule] / [End Rule] keyword pairs.
None of the subparameters may appear more than once within the [PI Model] / [End PI Model] keyword pair.
The Analysis_type subparameter is required under each [PI Model] keyword.  The subparameter shall be followed by a white space and one of the following three unquoted string arguments: DC, AC, or TD.
The Device_PDN_model subparameter is required under each [PI Model] keyword.  The subparameter shall be followed by a white space and the name argument of a [Device PDN Model] keyword.  As its name implies, this subparameter defines which PDN model is used in the analysis of the rail that is in the name of the [Rail Signal Name] keyword with the analysis parameters provided under this [PI Model] keyword.
The File_PWL subparameter is optional and is only allowed when the Analysis_type is TD.  It is followed by the name of a file which contains a PWL stimulus waveform using two columns.  The PWL file must have the extension .pwl and the file name may include a relative path.  The file shall be located in the same directory as the referencing .pim 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 .pim file is permitted).
The first column of the PWL file contains the time values in seconds and the second column contains the current values in amperes.
The Current subparameter is required when the Analysis_type is DC and prohibited for analysis types TD and AC.  It defines the total current through all of the stimulus sources for DC analysis within any of the [PI Model] / [End PI Model] keyword pairs.  The Current subparameter is followed by one or more values, each separated by a white space.  There is no restriction on how many current values are provided, but they must all fit on a single line.
The unit of the currents provided in the Current subparameter is amperes.
Subparameters Voltage_target, V_ringing, V_p2p, Max_pin_current and keyword pairs [Self-impedance Target] / [End Self-impedance Target] and [Trans-impedance Target] / [End Trans-impedance Target] are optional under the [PI Model] keyword.  They are duplicates of the same subparameters and keyword pairs located within the [Rule] / [End Rule] keyword pair.  The only difference is in their scoping.  When they are located under the [PI Model] keyword, their definitions apply globally to all Device_PDN_model ports or subcircuit terminals.  When they are located within the [Rule] / [End Rule] keyword pair, their definitions apply only to those Device_PDN_model ports or subcircuit terminals to which the [Port Rules] keyword assigns them.  If they are present in both keywords, the definitions in the [PI Model] keyword are only applicable to those Device_PDN_model ports or terminals which do not have any rule assignments from the [Port Rules] keyword.
Other Notes:	Subparameters and keyword pairs within any of the [PI Model] / [End PI Model] keyword pairs may be entered in any order.
The sum of the weights within any [PI Model] / [End PI Model] keyword pair shall be 1.0.
For DC analysis, the current of any stimulus source is determined by multiplying the weight of the stimulus source by the current defined in the Current subparameter of the [PI Model] keyword.
For TD analysis, the current of any stimulus source is determined by multiplying the weight of the stimulus source by the PWL current vs. time waveform provided in the file that is referenced by the File_PWL subparameter of the [PI Model] keyword.  If the stimulus source provides a file reference instead of a weighting coefficient, the PWL current vs. time waveform in that file is the current of that stimulus source.
For AC analysis, the current of any stimulus source is determined by multiplying the weight of the stimulus source by 1 ampere.
Example:
[PI Model]	MyPImodelName_1
TBD


Keyword:	[Stimulus]
Required:	Yes, if [PI Model] exists.
Description:	The [Stimulus] / [End Stimulus] keyword pair contains stimulus source definitions to define the current(s) consumed by the device.
Sub-Params:	None
Usage Rules:	The [PI Model] / [End PI Model] keyword pair must contain one [Stimulus] / [End Stimulus] keyword pair.
The rules for stimulus source definitions depend on the analysis type and the type of the device PDN model.  The [Stimulus] / [End Stimulus] keyword pair contains three columns of data if the associated [Device PDN Model] keyword contains the File_TS subparameter, and four columns of data if the associated [Device PDN Model] keyword contains the File_IBIS-ISS subparameter.
· The first column always contains the name of the stimulus
· The content of the second column depends on Analysis_type
· for Analysis_type AC or DC, it contains the weighting coefficient
· for Analysis_type TD, it contains either the weighting coefficient if File_PWL subparameter is defined in the [PI Model] keyword, or the name of a PWL text file if File_PWL subparameter is not defined in the [PI Model] keyword
· The third column contains either
· the port number when the [Device PDN Model] uses File_TS, or
· the Rail Terminal Number when the [Device PDN Model] uses File_IBIS-ISS
· The fourth column is only present when the [Device PDN Model] uses File_IBIS-ISS, in which case it contains the Reference Terminal Number.
Other Notes:	TBD
Examples:
[Stimulus]
| Name	Weight	Port
CPU	0.7	1
IO	0.3	2
[End Stimulus]

[Stimulus]
| Name	PWL	Port
CPU	CPU_current.pwl	1
IO	IO_current.pwl	2
[End Stimulus]

[Stimulus]
| Name	Weight	Rail_terminal	Reference_terminal
CPU	0.7	1	3
IO	0.3	2	4
[End Stimulus]


Keyword:	[End Stimulus]
Required:	Yes, if [Stimulus] exists.
Description:	Indicates the end of the data after [Stimulus].
Example:
[End Stimulus]


Keyword:	[Rule]
Required:	Yes, if [PI Model] exists.
Description:	The [Rule] / [End Rule] keyword pair contains design target definitions that simulation results should meet.  These target definitions are assigned to device PDN model ports or terminals by the [Port Rules] keyword.
Sub-Params:	Voltage_target, Max_pin_current, V_ringing, V_p2p, [Self-impedance Target], [Trans-impedance Target]
Usage Rules:	The [PI Model] / [End PI Model] keyword pair must contain at least one [Rule] / [End Rule] keyword pair.
The keyword is followed by the name of a rule.  The length of the rule name must not exceed 40 characters, and blank characters are not allowed.
The [Rule] keyword may contain one Voltage_target subparameter, one Max_pin_current subparameter, one V_ringing subparameter optionally with one or more V_p2p subparameters, one [Self-impedance Target] / [End Self-impedance Target] keyword pair, or one [Trans-impedance Target] / [End Trans-impedance Target] keyword pair.  These subparameters and keyword pairs are identical to the corresponding subparameters and keyword pairs under the [PI Model] keyword.  The only difference is in their scoping.  When they are located under the [PI Model] keyword, their definitions apply globally to all Device_PDN_model ports or subcircuit terminals.  When they are located here (within the [Rule] / [End Rule] keyword pair), their definitions apply only to those Device_PDN_model ports or subcircuit terminals to which the [Port Rules] keyword assigns them.  If they are present in both keywords, the definitions in the [PI Model] keyword are only applicable to those Device_PDN_model ports or terminals which do not have any rule assignments from the [Port Rules] keyword.
The Voltage_target subparameter is required when the Analysis_type is DC or TD and prohibited for Analysis_type AC.  It defines the target voltage value and the acceptable voltage variations around it.
The Voltage_target subparameter is followed by three entries, each separated by a white space.  The first entry defines the typical or nominal voltage that should be present.  The second entry defines the minimum allowable voltage at the probing location.  In DC analysis this value is usually associated with the IR drop in the system.  The third entry defines the maximum allowable voltage that may be present at the probing location.  If this value is not available or does not apply, e.g., to DC analyses, “NA” may be entered.  For TD analyses, the minimum and maximum voltage values may define the boundaries of ringing (e.g., overshoot and ring back) that follow a sudden change in the loading conditions.
The unit of the voltages provided in the Voltage_target subparameter is volts.
The Max_pin_current subparameter is optional and is allowed when the Analysis_type is DC or TD.  This subparameter defines the maximum current that is allowed through a device pin.
The unit of the current defined in the Max_pin_current subparameter is amperes.
Other Notes:	TBD
Example:
[Rule]	Rule1
[Self-impedance Target]
| Frequency	Zmax
1.0e4	0.0041
1.0e7	0.0041
[End Self-impedance Target]
[End Rule]

The V_ringing subparameter is required when the Analysis_type is TD and may be followed optionally by one or more V_p2p subparameter lines.  V_ringing and V_p2p are prohibited for analysis types AC and DC.
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 around the nominal value for a while.  Conversely, when the current consumption decreases suddenly, the rail voltage may rise momentarily above the nominal value and oscillate around the nominal value for a while.
The value of V(min) and V(max) define what the lowest and highest allowable voltages are after such a current change event.
The V_ringing subparameter may define up to two design targets in the following format:
V_ringing	<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_ringing subparamter may optionally be followed by one or more V_p2p subparameter lines.  The V_p2p subparameter defines the maximum allowable peek-to-peek 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.
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 [Rule] / [End Rule] 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_ringing 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
|	V(min)	V(max)
V_ringing	1.70	1.90

|	V(min)	V(max)
V_ringing	1.70	1.90
|	Voltage	F(low)	F(high)
V_p2p	0.08

|	V(min)	V(max)
V_ringing	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


Keyword:	[Self-impedance Target]
Required:	Yes, if [Rule] exists and Analysis_type is AC and [Trans-impedance Target] is not present.
Description:	The [Self-impedance Target] keyword defines a self-impedance vs. frequency table for AC analyses that may be used as a maximum impedance mask at any device PDN model port or terminal pair to which stimulus sources are attached.
Sub-Params:	none
Usage Rules:	The [Self-impedance Target] / [End Self-impedance Target] keyword pair may appear once under the [Rule] keyword, or once under the [PI Model] keyword, or once under both of these keywords.  It is permissible to provide one [Self-impedance Target] / [End Self-impedance Target] keyword pair and one [Trans-impedance Target] / [End Trans-impedance Target] keyword pair under the same [Rule] or [PI Model] keyword.
The impedance values in this keyword represent self-impedance.  The information provided by the [Self-impedance Target] keyword may only be applied to device PDN model ports or terminal pairs with stimulus sources.  When running simulations to measure the self-impedance at such a device PDN model port or terminal pair, only the stimulus source that is connected to that device PDN model port or terminal pair should be active using a 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 reduces to Z=V).
The unit of frequency is hertz (Hz), and the unit of impedance is ohms (Ω).
Other Notes:	TBD
Example:
[Self-impedance Target]
| Frequency	Z(max)
1.0e+4	0.0080
1.0e+6	0.0080
6.5e+6	0.0200
1.0e+7	0.0400
2.0e+7	0.0400
[End Self-impedance Target]


Keyword:	[End Self-impedance Target]
Required:	Yes, if [Self-impedance Target] exists.
Description:	Indicates the end of the data after [Self-impedance Target].
Example:
[End Self-impedance Target]


Keyword:	[Trans-impedance Target]
Required:	Yes, if [Rule] exists and Analysis_type is AC and [Self-impedance Target] is not present.
Description:	The [Trans-impedance Target] keyword defines a trans-impedance vs. frequency table for AC analyses that may be used as a maximum impedance mask at any device PDN model port or terminal pair to which no stimulus sources are attached.
Sub-Params:	none
Usage Rules:	The [Trans-impedance Target] / [End Trans-impedance Target] keyword pair may appear once under the [Rule] keyword, or once under the [PI Model] keyword, or once under both of these keywords.  It is permissible to provide one [Self-impedance Target] / [End Self-impedance Target] keyword pair and one [Trans-impedance Target] / [End Trans-impedance Target] keyword pair under the same [Rule] or [PI Model] keyword.
The impedance values in this keyword represent trans-impedance.  The information provided by the [Trans-impedance Target] keyword may only be applied to device PDN model ports or terminal pairs with no stimulus sources.  When running simulations to measure the trans-impedance at such a device PDN model port or terminal pair, 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 the device PDN model port or terminal pair corresponds to a trans-impedance value.
The unit of frequency is hertz (Hz), and the unit of impedance is ohms (Ω).
Other Notes:	TBD
Example:
[Trans-impedance Target]
| Frequency	Z(max)
1.0e+4	0.0080
1.0e+6	0.0080
6.5e+6	0.0200
1.0e+7	0.0400
2.0e+7	0.0400
[End Trans-impedance Target]


Keyword:	[End Trans-impedance Target]
Required:	Yes, if [Trans-impedance Target] exists.
Description:	Indicates the end of the data after [Trans-impedance Target].
Example:
[End Trans-impedance Target]


Keyword:	[End Rule]
Required:	Yes, if [Rule] exists.
Description:	Indicates the end of the data after [Rule].
Example:
[End Rule]


Keyword:	[Port Rules]
Required:	Yes, if [PI Model] exists.
Description:	The [Port Rules] / [End Port Rules] keyword pair assigns design targets defined in the [Rule] keyword to device PDN model ports or terminal pairs.
Sub-Params:	None
Usage Rules:	The [PI Model] / [End PI Model] keyword pair must contain one [Port Rules] / [End Port Rules] keyword pair.
The [Port Rules] / [End Port Rules] keyword pair contains two columns of data if the associated [Device PDN Model] keyword contains the File_TS subparameter, and three columns of data if the associated [Device PDN Model] keyword contains the File_IBIS-ISS subparameter.
· For File_TS Touchstone PDN models, the first column contains the port number and the second column contains the rule name that is assigned to that port.
· For IBIS-ISS subcircuit PDN models, the “+” terminal of the probe that is used to perform the measurement is connected to the terminal whose number is in the first column, and the “-” terminal of the probe that is used to perform the measurement is connected to the terminal number is in the second column.  The third column contains the rule name that is assigned to this terminal pair.  The second column may contain A_gnd.
A port may appear in multiple entries under the [Port Rules] keyword.
Other Notes:	TBD
Examples:
| Example for File_TS in [Device PDN Model]
[Port Rules]
1	Rule1
2	Rule1
3	Rule2
5	Rule2
[End Port Rules]

| Example for File_IBIS-ISS in [Device PDN Model]
[Port Rules]
1	3	Rule1
2	4	Rule1
14	16	Rule1
14	16	Rule2
[End Port Rules]


Keyword:	[End Port Rules]
Required:	Yes, if [Port Rules] exists.
Description:	Indicates the end of the data after [Port Rules].
Example:
[End Port Rules]


Keyword:	[End PI Model]
Required:	Yes, if [PI Model] exists.
Description:	Indicates the end of the data after [PI Model].
Example:
[End PI Model]


[bookmark: _Hlk221080815]Keyword:	[Device PDN Model]
Required:	Yes, if [Rail Signal Name] exists.
Description:	The [Device PDN Model] / [End Device PDN Model] keyword pair contains a definition of the Power Delivery Network of the interconnect (including bypass capacitors if present) between the pins (device / board) interface and the stimulus sources.
Sub-Params:	Analysis_type, File_TS, File_IBIS-ISS, Number_of_ports, Number_of_terminals
Usage Rules:	The [PI Model] / [End PI Model] keyword pair shall contain one [Device PDN Model] / [End Device PDN Model] keyword pair.
The [Device PDN Model] / [End Device PDN Model] keyword pair must contain one Analysis_type subparameter, and either one File_TS subparameter with one Number_of_ports subparameter, or one File_IBIS-ISS subparameter with one Number_of_terminals subparameter.  It may optionally include a [Groups] / [End Groups] keyword pair.
The Analysis_type subparameter shall be followed by one of the following unquoted strings: AC, TD, or DC to specify what analysis type the Device_PDN_model is suitable for.
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 circuit_name (.subckt name) for an IBIS-ISS file.  The referenced Touchstone or IBIS-ISS file shall be located in the same directory as the referencing .pim 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 .pim file is permitted).
The Number_of_ports subparameter is required when the File_TS subparamter is present and it is prohibited otherwise.
The Number_of_ports subparameter shall be followed by a white space and a non-zero, positive integer number to specify the number of ports in the Touchstone file that is referenced by the File_TS subparameter.
The Number_of_ports subparameter shall be followed by as many lines of information as the number of pin interface ports in the Touchstone file to define the connections between the ports of the Touchstone file and the device pins.  Note that only pin interface ports are permitted on these lines and all other port types are prohibited (unless they are provided as comments for clarity).  Each line shall contain either three or five columns as follows:
· The first column contains the port number, which must be an integer number in the range of 1 to Number_of_ports.
· The second and third columns shall contain one of the following three reserved names and corresponding values:
· Pin_name, followed by a <pin name>
· Pin_group, followed by a <pin group name>
· Pin_signal_name, followed by a <Signal_name>
· The fourth and fifth columns are optional.  If not present, the reference terminal of the port is connected to the simulator’s global reference node, A_gnd.  If present, the fourth and fifth columns shall contain one of the following three reserved names and corresponding values:
· Pin_name, followed by a <pin name>
· Pin_group, followed by a <pin group name>
· Pin_signal_name, followed by a <Signal_name>

The Number_of_terminals subparameter is required when the File_IBIS-ISS subparameter is present and it is prohitied otherwise.
The Number_of_terminals subparameter shall be followed by a white space and a non-zero, positive integer number to specify the number of subcircuit terminals of the subcircuit that is referenced by the File_IBIS-ISS subparameter.
The Number_of_terminals subparameter shall be followed by as many lines of information as the number of pin interface terminals in the IBIS-ISS file to define the connections between the terminals of the subcircuit and the device pins.  Note that only pin interface terminals are permitted on these lines and all other terminal types are prohibited (unless they are provided as comments for clarity).  Each line shall contain three columns as follows:
· The first column contains the terminal number, which must be an integer number in the range of 1 to Number_of_terminals.
· The second and third columns shall contain one of the following three reserved names and corresponding values:
· Pin_name, followed by a <pin name>
· Pin_group, followed by a <pin group name>
· Pin_signal_name, followed by a <Signal_name>

Other Notes:	TBD
Examples:
[Device PDN Model]	CPU_IO_AC
File_TS	CPU_IO_AC.s5p
Analysis_type	AC
[Groups]
Vcc1	(B28 B30 D28 D30 A28 A30 B26)
Vss1	(B31 C31 D26 A26)
Vcc2	(E26 E28 E30 F28)
Vss2	(F26 F30 F31)
[End Groups]
Number_of_ports 5
| Port#	Type	Terminal+	Type	Terminal-
| 1	Stimulus+	CPU+	Stimulus-	CPU-
| 2	Stimulus+	IO+	Stimulus-	IO-
| 5	Probe+	Probe_1+	Probe-	Probe_1-
3	Pin_group	Vcc1	Pin_group	Vss1
4	Pin_group	Vcc2	Pin_group	Vss2
[End Device PDN Model]

[Device PDN Model]	CPU_IO_DC
File_IBI-ISS	CPU_IO_DC.iss	CPU_IO_DC
Analysis_type	DC
[Groups]
Vss1	(B31 C31 D26 A26)
Vss2	(F26 F30 F31)
[End Groups]
Number_of_terminals 16
| Terminal#	Type	Terminal
| 1	Stimulus+	CPU+
| 2	Stimulus+	IO+
| 3	Stimulus-	CPU-
| 4	Stimulus-	IO-
5	Pin_name	B28
6	Pin_name	B30
7	Pin_name	D28
8	Pin_name	D30
9	Pin_name	A30
10	Pin_name	B26
11	Pin_name	E26
12	Pin_name	E28
13	Pin_name	E30
14	Pin_name	F28
15	Pin_group	Vss1
16	Pin_group	Vss2
[End Device PDN Model]


Keyword:	[Groups]
Required:	No
Description:	The [Groups] / [End Groups] keyword pair provides a mechanism to define named pin groups.  This is useful to reduce the number of Device_PDN_model ports or terminals when a device has a large number of power and ground pins.  The [Groups] / [End Groups] keyword pair may be inside of a [Device PDN Model] or before the [Device PDN Model] keyword (local vs. global).
Sub-Params:	none
Usage Rules:	The [Device PDN Model] / [End Device PDN Model] keyword pair may contain one [Groups] / [End Groups] keyword pair.
The [Groups] / [End Groups] keyword pair shall contain a list of unique and meaningful group names.  The group name may be freely composed by the model maker but may not contain spaces and must be limited to 40 characters.
Each Group name shall be at the beginning of a new line, followed by an open parenthesis “(“ and a list of pin names separated by a white space.  The list of the pin names may extend over multiple lines, and it is terminated with a closing parenthesis “)”.
Other Notes:	TBD
Example:
[Groups]
Vcc1	(B28 B30 D28 D30 A28 A30 B26)
Vss1	(B31 C31 D26 A26)
Vcc2	(E26 E28 E30 F28)
Vss2	(F26 F30 F31)
[End Groups]


Keyword:	[End Groups]
Required:	Yes, if [Groups] exists.
Description:	Indicates the end of the data after [Groups].
Example:
[End Groups]


Keyword:	[End Device PDN Model]
Required:	Yes, if [Device PDN Model] exists.
Description:	Indicates the end of the data after [Device PDN Model].
Example:
[End Device PDN Model]


Keyword:	[End Rail Signal Name]
Required:	Yes, if [Rail Signal Name] exists.
Description:	Indicates the end of the data after [Rail Signal Name].
Example:
[End Rail Signal Name]


Keyword:	[End PIM]
Required:	Yes, if [Begin PIM] exists.
Description:	Indicates the end of the data after [Begin PIM].
Example:
[End PIM]


AC, TD and DC PI Examples
December 16, 2025

AC Model
[Rail Signal Name] Vcc1

   [PI Model] PI_Model_AC_Slow
Analysis_type	AC	              | DC|AC|TD
Device_PDN_model  CPU_IO_PKG_ACTD
[Stimulus]
| Name    Weight  Port
CPU       0.7     1
IO        0.3     2
[End Stimulus]
[Port Rules]
1         Rule1
2         Rule1
3         Rule2
5         Rule2
[End Port Rules]
| Rules
[Rule] Rule1
[Self Impedance Target]
| Z(Frequency)  Zmax
10000           0.0041
0000000         0.0041
[End Self Impedance Target]
[End Rule]
[Rule] Rule2
[Transfer Impedance Target]
| Z(Frequency)  Zmax   
10000           0.0031
20000000        0.0031
[End Transfer Impedance Target]
[End Rule]
  [End PI Model]
  [PI Model] PI_Model_AC_Fast
Analysis_type	AC	              | DC|AC|TD
Device_PDN_model  CPU_IO_PKG_ACTD
[Rule] Rule1
[Self Impedance Target]
10000           0.0041
0000000         0.0041
[End Self Impedance Target]
[End Rule]
[Rule] Rule2
[Transfer Impedance Target]
| Z(Frequency)  Zmax
10000           0.0031
20000000        0.0031
[End Transfer Impedance Target]
[End Rule]
  [End PI Model]


TD Model
[PI Model] PI_Model_TD_A
Analysis_type	TD
Device_PDN_model	CPU_IO_PKG_ACTD
[Stimulus]
| Name    PWL              Port
CPU       CPU_current.pwl  1
IO        IO_current.pwl   2
[End Stimulus]
[Port Rules]
5     Rule1
[End Port Rule]
[Rule] Rule1
|                     Typ           Min         Max
Voltage_Target  1.00		0.90		1.10
[End Rule]
[End PI Model]

[PI Model] PI_Model_TD_B
Analysis_type	TD
Device_PDN_model	CPU_IO_PKG_ACTD
File_PWL             distributed.pwl
[Stimulus]
| Name    Weight     Port
CPU       0.7        1
IO        0.3        2
[End Stimulus]
[Port Rules]
5     Rule1
[End Port Rule]
[Rule] Rule1
Voltage_Target  1.00		0.90		1.10
[End Rule]
[End PI Model]


DC Model

   [PI Model]       PI_Model_DC
Analysis_type	DC
Device_PDN_model	CPU_IO_DC
|    		    I(min)		I(typ)	I(max)
Current 	    20.00		40.00		60.0
[bookmark: _Hlk213845334][Stimulus]
! Name    Weight Port       Ref-Terminal
CPU       0.7    1          3
IO        0.3    2          4
[End Stimulus]
[Rule] Rule1
|                     Typ           Min         Max
Voltage_Target  1.00		0.90		1.10
[End Rule]
Max_pin_current  0.1

[Rule] Rule2
|
Max_pin_current  0.2
[End Rule]

[Port Rules]
1 3     Rule1
2 4     Rule1
14 16   Rule1
14 16   Rule2    | Current rules use one terminal
[End Port Rules]

   [End PI Model]
[End Rail Signal Name]


Issues


Define format of PWL current vs. time files.


AC TD Device PDN Example

T CPU_IO_PKG_ACTD
File_TS		CPU_IO_PKG_ACTD.s5p
Analysis_type	AC TD
| Groups
[Groups]
Vcc1				(B28 B30 D28 D30 A28 A30 B26)
Vss1				(B31 C31 D26 A26)	
Vcc2				(E26 E28 E30 F28)
Vss2				(F26 F30 F31)
[End Groups]
Number_of_ports = 5
| Port# Terminal_p		Terminal_n
| 1     Stimulus   CPU
| 2     Stimulus   IO
| 5     Probe   
3     Pin_Group  Vcc1		Pin_Group  Vss1
4     Pin_Group  Vcc2		Pin_Group  Vss2
[End Device PDN Model]

DC Device PDN Example

[Device PDN Model] CPU_IO_PKG_DC
IBIS-ISS		CPU_IO_DC.iss  CPU_IO_DC
Analysis_type	DC
| Groups
[Groups]
Vss1				(B31 C31 D26 A26)
Vss2				(F26 F30 F31)
[End Groups]
Number_of_terminals = 16
|   Terminals
| 1     Stimulus+   CPU
| 2     Stimulus+   IO
| 3     Stimulus-   CPU
| 4     Stimulus-   IO
5   Pin_name B28
6   Pin_name B30
7   Pin_name D28
8   Pin_name D30
9   Pin_name A30
10  Pin_name B26
11  Pin_name E26
12  Pin_name E28
13  Pin_name E30
14  Pin_name F28
15  Pin_Group  Vss1
16  Pin_Group  Vss2
[End Device PDN Model]

BACKGROUND INFORMATION/HISTORY:
A PIM file describes the power consumption characteristics of a device with Touchstone S-parameter or IBIS-ISS (SPICE) models and stimulus current sources and provides probes where the response of a design may be evaluated.
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