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Touchstone Specification Change Template, Rev. 1.0
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TSIRD NUMBER:	X_draft_130
ISSUE TITLE:		Standardized Pole-Residue Representation of Touchstone Data
REQUESTOR:		Arpad Muranyi, Siemens EDA

DATE SUBMITTED:	{for administrative use}
DATE REVISED:	{for administrative use}
DATE ACCEPTED:	{for administrative use}

DEFINITION OF THE ISSUE:

With the ever-increasing complexity of package and printed circuit board designs, Touchstone files used for interconnect modeling are also increasing in size.  Touchstone file sizes are often in the hundreds of Megabytes, or even Gigabytes range.  This can have a negative effect on simulation performance and makes the distribution of these files very challenging.  Consequently, there is a great need for finding ways to describe large interconnects with smaller files.

In addition, different EDA vendors use different (proprietary) algorithms to process the Touchstone file data in simulations, which can cause simulation results to be different from different EDA tools, even with identical Touchstone files.

A common method in the industry to reduce the size of Touchstone files - and thereby improve simulation performance - is to convert the large frequency table data to fitted pole-residue format.  There are numerous advantages to this method, one of which is that EDA tools can produce identical simulation results with the same pole-residue-based models.

While pole-residue fitting (also known as “rational fit” or “vector fit”) has been used for decades in the industry, this data format has not been standardized yet, which makes it EDA tool dependent.  The goal of this proposal is to standardize the pole-residue format so that all EDA tools could make use of the same pole-residue model files.

SOLUTION REQUIREMENTS:
The Touchstone specification must meet these requirements:
Table 1: Solution Requirements
	Requirement
	Notes

	1. Define three new keyword pairs to describe pole-residue data
	[Begin Pole-Residue Data] / [End Pole-Residue Data], [Begin Common Poles Data] / [End Common Poles Data] and [Begin Residues Data] / [End Residues Data]

	2. Define a new keyword to document the number of pole-residue blocks
	[Number of Pole-Residue Blocks]

	3. Define a new keyword pair to document the source of the pole-residue data
	[Begin Pole-Residue Data Source] / [End Pole-Residue Data Source]

	4. Make the frequency table and the pole residue data mutually exclusive in the same file
	Change the rules of the existing [Network Data] and [Noise Data] keywords


 {enumerate each requirement in the table above, adding rows as needed}

SUMMARY OF PROPOSED CHANGES:
For review purposes, the proposed changes are summarized as follows:
Table 2: Touchstone Keywords Affected
	Specification Item
	New/Modified/Other
	Notes

	
	
	


{list each affected specification item in the table above, adding rows as needed}

PROPOSED CHANGES:

Note that the existing Touchstone specification does not define the units for [Network Data] (we should probably correct that).

The original Touchstone 2.0 [Mixed Mode Order] keyword could be applied to pole-residue data as well, if so desired.  However, it’s unlikely that time domain simulation (for which the fitted poles are created) can be conducted in a basis that does not represent actual node voltages and branch currents.

Another keyword pair might be invented for reciprocal models, which could further reduce the matrix size.




Change the text of the existing Touchstone 2.1 specification throughout for the [Network Data] (and [Noise Data]?) keyword(s) so that it/they would be not allowed when the [Begin Pole-Residue Data Source] and related keywords are present.



Add the following keywords to the Touchstone specification in the appropriate location:


Keyword:	[Begin Pole-Residue Data Source] / [End Pole-Residue Data Source]
Required:	The [Begin Pole-Residue Data Source] / [End Pole-Residue Data Source] keyword pair is required when the [Begin Pole-Residue Data] or [Begin Common Poles Data] and [Begin Residues Data] is/are present, otherwise it is not permitted.
Description:	The purpose of the [Begin Pole-Residue Data Source] keyword is to document the original source Touchstone file containing the network data from which the pole-residue data was generated.
Sub-Params:	Company_Name, Company_Division, Author, File_Name, File_Revision, File_Date, File_Size, Checksum

Usage rules:	Subparameters Company_Name, File_Name, File_Revision, File_Date are required.  
Each subparameter shall start on a separate line and may appear in any order.  The subparameter and the information that follows shall be separated by at least one white space.  The file date shall be in the form of year/month/day, four numerical digits for year, two numerical digits for month and two numerical digits for day.  The file size shall be provided in bytes (not kilo-bytes or mega-bytes, etc.).  Subparameters Company_Name, File_Name, File_Revision, File_Date are required.

Example:
[Begin Pole-Residue Data Source]
Company_Name      NoName Corp.
Company_Division  Package Design Division
Author            Joe Knowsall
File_Name         TheBestPackageInTheWorld.s12p
File_Revision     rev0.0
File_Date         2023/07/04     ! year/month/day
File_Size         12345000
Checksum          CE114E4501D2F4E2DCEA3E17B546F339
[End Pole-Residue Data Source]


Keyword:	[Number of Pole-Residue Blocks]
Required:	The [Number of Pole-Residue Blocks] keyword is required when the [Begin Pole-Residue Data] or the [Begin Residues Data] keyword is present, otherwise it is not permitted.
Description:	The purpose of this keyword is to provide a mechanism to make sure that if the total Number of Pole-Residue Blocks is fewer than N2, it was intentional and not because of accidental loss of data.  The data of the blocks which are not defined by the index is set to zero.

Usage rules:	The [Number of Pole-Residue Blocks] keyword shall be followed by at least one white space and a single integer number.  The value of the integer that follows this keyword shall range from N to N2, where N is the model’s number of ports given in the [Number of Ports] keyword.

Examples:
! The full matrix of a 4-port network data (.s4p file) would
! consist of 16 elements.
[Number of Pole-Residue Blocks] 16

! If all entries of the 4-port network data (.s4p file) are
! zero except its diagonal, it may be described with four
! pole-residue keywords.
[Number of Pole-Residue Blocks] 4


Keyword:	[Begin Pole-Residue Data]
Required:	The [Begin Pole-Residue Data] keyword is not permitted prior to Version 3.0 files; it is not permitted for parameter types G and H, and it is not permitted when the [Begin Common Poles Data] and [Begin Residues Data] keywords or the [Network Data] keyword areare present.  Otherwise, at least N instances of the [Begin Pole-Residue Data] keyword is are required optional.
Description:	TBD
Sub-Params:	Delay, Asymptote, Residue_at_Infinity, Number_of_Data_Lines

Usage rules:	The [Begin Pole-Residue Data] keyword is followed by at least one white space and two integer numbers, separated by a comma, and enclosed in a pair of open and close parentheses.  The integer numbers (i, j) denote indexing to define which matrix component is described by the data that follows.  Both indices range from 1 to N, where N is the model’s number of ports given in the [Number of Ports] keyword.

When the pole-residue data is generated from Touchstone 1.0 or 1.1 Y or Z-parameters (in which case the Y or Z-parameters are normalized), the Touchstone 1.0 or 1.1 Y or Z-parameter data from which the pole-residue data is generated shall be unnormalized first by the model maker.

[bookmark: _Hlk143617230][bookmark: _Hlk143685826][bookmark: _Hlk143684184][bookmark: _Hlk143685798]Unlike [Network Data] in Touchstone files, the pole-residue data is ordered by matrix components, not by frequency.  For each pole-residue component (i, j), i=1…N and j=1…N define the table of poles and residues.  Each pole-residue component (i, j) contains one or more data lines in the form of [αm ωm A1m A2m], m=1…M, where M is the sum of the number of real poles and the number of complex-conjugate pairs, defined in subparameter “Number_of_Data_Lines” (see equation below).  For example, with 7 real poles and 14 complex conjugate pairs of complex poles, the number of lines M becomes 21.  αm and ωm are the real and imaginary parts of the complex poles, and A1m and A2m are the real and imaginary parts of the coefficients for the pole components.  The values ½(A1m - iA2m) and ½(A1m + iA2m) are normalized residues (divided by the pole) that correspond to the pair of complex conjugate poles.  For a real pole (A2m = 0, ωm = 0), the equation below turns into A1m/(1 + s/αm), where A1m is the normalized residue for the real pole.  The coefficient A1m is the value that the pair of complex conjugate poles or a real pole contribute to the DC value.  The unit for αm and ωm is Hz.  The unit for A1m and A2m depends on the parameter type.  For S-parameters it is unitless, for Z-parameters it is ohms, for Y-parameters it is siemens (1/ohms).




Duplicate real poles, or duplicate complex-conjugate pair of complex poles are not permitted in the pole-residue data provided between the [Begin Pole-Residue Data] / [End Pole-Residue Data] keyword pairs.  Such items shall be combined by the model maker when generating pole-residue data.	Comment by Author: combined before writing in this file or combined by the EDA tool?


For stability, it is required that the real part of the pole is negative, where pole is a complex frequency at which the denominator of the above expression becomes zero.  This requirement holds for positive α, because denominator of the first summand turns into zero when (α + ω + s) = 0, which is only possible when the real part of s becomes -α and the imaginary part is -ω.  Therefore, in the .pls file we actually define the real and imaginary parts of the pole with the opposite sign, which makes them both positive numbers.




The [Begin Pole-Residue Data] / [End Pole-Residue Data] keyword pair is repeated at least N times (for a diagonal matrix) or up to N2 times (for a full matrix) in a model file, where N is given in the [Number of Ports] keyword.  Fewer than N2 [Begin Pole-Residue Data] / [End Pole-Residue Data] keyword pairs are allowed for cases when certain matrix elements are zero.  Each occurrence of this keyword pair must have a unique pair of index numbers.  For example, a 4-port model with a full matrix description would have 16 of these keyword pairs with the following indices:	Comment by Author: at least N times for the diagonal elements

[Begin Pole-Residue Data]	(1,1)
[Begin Pole-Residue Data]	(1,2)
[Begin Pole-Residue Data]	(1,3)
[Begin Pole-Residue Data]	(1,4)
[Begin Pole-Residue Data]	(2,1)
…
[Begin Pole-Residue Data]	(4,4)

Subparameter “Delay” is optional, but it is not permitted for Y and Z-parameters (it is only allowed for S-parameters).  In S-parameter models it may be present (or absent) within any number of [Begin Pole-Residue Data] / [End Pole-Residue Data] keyword pairs.  Its unit is seconds.

Subparameter “Asymptote” is optional, but it is not permitted for S-parameters (it is only allowed for Y and Z-parameters).  In Y and Z-parameter models it may be present (or absent) within any number of [Begin Pole-Residue Data] / [End Pole-Residue Data] keyword pairs.  “Asymptote” defines the factor K used in the asymptotic component K*(i*frequency) that linearly grows with frequency, where i = √(-1), and K = (2*π)*Linf, where Linf is an equivalent inductance for Z-parameters, or K = (2*π)*Cinf, where Cinf is an equivalent capacitance for Y-parameters.  Since frequency is defined in Hz, the coefficient K has the unit of Henry/Hz for Z-parameters and Farad/Hz for Y-parameters.  The unit for the asymptotic component K*(i*frequency) is ohms for Z-parameters and siemens (1/ohms) for Y-parameters.	Comment by Author: if K is H/Hz then K*i*f would be H/Hz*Hz = H	Comment by Author: The units are correct as written.  “frequency” is 2*pi()*f here, which combined with “i” makes this capacitive or inductive reactance, whose units are ohms (or siemens)…

[bookmark: _Hlk143685938]Subparameter “Residue_at_Infinity” is required.  It defines the value of A1m, the normalized residue for the real pole αm at infinity.  The unit for “Residue_at_Infinity” depends on the parameter type.  For S-parameters it is unitless, for Z-parameters it is Ohmohms, for Y-parameters it is sSiemens (1/Ohmohms).

Subparameter “Number_of_Data_Lines” is required.The “Number_of_Data_Lines” subparameter is required.  The value of “Number_of_Data_Lines” is equal to the number of pole-residue data lines that follow.  The value of “Number_of_Data_Lines” is not required to be the same within each [Begin Pole-Residue Data] / [End Pole-Residue Data] keyword pair in a given model file.  The “Number_of_Data_Lines” subparameters is followed by the pole-residue data lines.  Each line contains four numbers corresponding to αm, ωm, A1m and A2m, as described above.


Keyword:	[End Pole-Residue Data]
Required:	The [End Pole-Residue Data] keyword is required for each [Begin Pole-Residue Data] keyword, otherwise it is not permitted.
Description:	The [End Pole-Residue Data] keyword indicates the end of the pole-residue data.

Examples:
! This example is for S-parameter models
! for which Asymptote is not permitted
[Begin Pole-Residue Data] (1,1)
Delay = 1.26351e-09
Residue_at_Infinity = 0.321123423421
Number_of_Data_Lines = 	35
	1.60981891306855e+08	6.03830005978569e+09	-2.15363238798792e-06	1.96534688582861e-05
	2.93321810887676e+09	1.91770843721616e+09	-1.05426912887832e+01	-8.82630433918342e+00
	1.23990373548953e+08	4.39994357143840e+09	1.25728612812034e-05	2.13669372820529e-05
	1.57193681614524e+08	3.10437931944199e+09	5.10972708034658e-05	-1.15663907003945e-05
	2.83363448768380e+07	2.10218276754607e+09	3.07314704488451e-06	5.16091015967049e-06
	…
	5.23409852743859e+06	1.34534534593845e+07	3.07314704488451e-06	5.16091015967049e-06
[End Pole-Residue Data]

! This example is for Y or Z-parameter models
! for which Delay is not permitted
[Begin Pole-Residue Data] (1,1)
Asymptote = 0.83754e-12
Residue_at_Infinity = 0.321123423421
Number_of_Data_Lines	 = 35
	1.60981891306855e+08	6.03830005978569e+09	-2.15363238798792e-06	1.96534688582861e-05
	2.93321810887676e+09	1.91770843721616e+09	-1.05426912887832e+01	-8.82630433918342e+00
	1.23990373548953e+08	4.39994357143840e+09	1.25728612812034e-05	2.13669372820529e-05
	1.57193681614524e+08	3.10437931944199e+09	5.10972708034658e-05	-1.15663907003945e-05
	2.83363448768380e+07	2.10218276754607e+09	3.07314704488451e-06	5.16091015967049e-06
	…
	5.23409852743859e+06	1.34534534593845e+07	3.07314704488451e-06	5.16091015967049e-06
[End Pole-Residue Data]


Keyword:	[Begin Common Poles Data]
Required:	The [Begin Common Poles Data] keyword is not permitted prior to Version 3.0 files; it is not permitted for parameter types G and H, and it is not permitted when the [Begin Pole-Residue Data] keyword or the [Network Data] keyword is present.  Otherwise, the [Begin Common Poles Data] keyword is required optional.	Comment by Author: I think allows the possibility of a file with no model data in it. Is this the intent?	Comment by Author: No, it is not the intent.  Before the green test was added, it made sense to make this optional, but now that we made the frequency table and pole-residue mutually exclusive (green text), it should be required when none of the prohibited conditions listed here exist.
Description:	TBD
Sub-Param:	Number_of_Data_Lines

Usage rules:	Only one [Begin Common Poles Data] / [End Common Poles Data] keyword pair is permitted in a model file.  Note that [Begin Common Poles Data] does not use indexing after the keyword because the set of poles is common for all matrix components.

When the pole-residue data is generated from Touchstone 1.0 or 1.1 Y or Z-parameters (in which case the Y or Z-parameters are normalized), the Touchstone 1.0 or 1.1 Y or Z-parameter data from which the pole-residue data is generated shall be unnormalized first by the model maker.

The “Number_of_Data_Lines” subparameter is required.  The value of “Number_of_Data_Lines” is equal to the number of common poles data lines that follow and shall match the value of the “Number_of_Data_Lines” subparameter in the [Begin Residues Data] keywords.  (Consequently, the value of “Number_of_Data_Lines” must be the same within each [Begin Residues Data] / [End Residues Data] keyword pair in a given model file.)  The “Number_of_Data_Lines” subparameter within the [Begin Common Poles Data] / [End Common Poles Data] keyword pair is followed by the common poles data lines.  Each line contains two numbers corresponding to αm, ωm, as described above.	Comment by Author: what are the fields in each line of this list of numbers?



Keyword:	[End Common Poles Data]
Required:	The [End Common Poles Data] keyword is required when the [Begin Common Poles Data] keyword is present, otherwise it is not permitted.
Description:	The [End Common Poles Data] keyword indicates the end of the common poles data.

Example:
[Begin Common Poles Data]
Number_of_Data_Lines	 = 35
	1.60981891306855e+08	6.03830005978569e+09
	2.93321810887676e+09	1.91770843721616e+09
	1.23990373548953e+08	4.39994357143840e+09
	1.57193681614524e+08	3.10437931944199e+09
	2.83363448768380e+07	2.10218276754607e+09
	…
	5.23409852743859e+06	1.34534534593845e+07
[End Common Poles Data]


Keyword:	[Begin Residues Data]
Required:	The [Begin Residues Data] keyword is required when [Begin Common Poles Data] is present, otherwise it is not permitted.
Description:	TBD
Sub-Params:	Asymptote, Residue_at_Infinity, Number_of_Data_Lines

Usage rules:	The [Begin Residues Data] keyword is followed by at least one  white space and two integer numbers, separated by a comma, and enclosed in a pair of open and close parentheses.  The integer numbers (i, j) denote indexing to define which matrix component is described by the data that follows.  Both indices range from 1 to N, where N is the model’s number of ports given in the [Number of Ports] keyword.

When the pole-residue data is generated from Touchstone 1.0 or 1.1 Y or Z-parameters (in which case the Y or Z-parameters are normalized), the Touchstone 1.0 or 1.1 Y or Z-parameter data from which the pole-residue data is generated shall be unnormalized first by the model maker.

The [Begin Residues Data] / [End Residues Data] keyword pair is repeated at least N times (for a diagonal matrix) or up to N2 times (for a full matrix) in a model file, where N is given in the [Number of Ports] keyword.  Fewer than N2 [Begin Residues Data] / [End Residues Data] keyword pairs are allowed for cases when certain matrix elements are  zero.  Each occurrence of this keyword pair must have a unique pair of index numbers.  For example, a 4-port model with a full matrix description would have 16 of these keyword pairs in the same manner as described for the [Begin Pole-Residue Data] keyword.

Subparameter “Asymptote” is optional, but it is not permitted for S-parameters (it is only allowed for Y, and Z-parameters).

Subparameter “Residue_at_Infinity” is required.  It defines the value of A1m, the normalized residue for the real pole αm at infinity.  The unit for “Residue_at_Infinity” depends on the parameter type.  For S-parameters it is unitless, for Z-parameters it is Ohmohms, for Y-parameters it is sSiemens (1/Ohmohms).

Subparameter “Number_of_Data_Lines” is required.The “Number_of_Data_Lines” subparameter is required.  The value of “Number_of_Data_Lines” is equal to the number of pole-residue data lines that follow and shall match the.  The value of “Number_of_Data_Lines” shall match the  value of “Number_of_Data_Lines” in the [Begin Common Poles Data] / [End Common Poles Data] keyword pair.  (Consequently, the value of “Number_of_Data_Lines” must be the same within each [Begin Residues Data] / [End Residues Data] keyword pair in a given model file.)  The “Number_of_Data_Lines” subparameter within the [Begin Residues Data] / [End Residues Data] keyword pair is followed by the residues data lines.  Each line contains two numbers corresponding to A1m and A2m, as described above.



Keyword:	[End Residues Data]
Required:	The [End Residues Data] keyword is required for each [Begin Residues Data] keyword, otherwise it is not permitted.
Description:	The [End Residues Data] keyword indicates the end of the residues data.

Examples:
! This example is for S-parameter models
! in which Asymptote is not permitted
[Begin Residues Data] (1,1)
Residue_at_Infinity = 0.321123423421
Number_of_Data_Lines	 = 35
	-2.15363238798792e-06	1.96534688582861e-05
	-1.05426912887832e+01	-8.82630433918342e+00
	1.25728612812034e-05	2.13669372820529e-05
	5.10972708034658e-05	-1.15663907003945e-05
	3.07314704488451e-06	5.16091015967049e-06
	…
	3.07314704488451e-06	5.16091015967049e-06
[End Residues Data]

! This example is for Y or Z-parameter models
[Begin Residues Data] (1,1)
Asymptote = 0.83754e-12
Residue_at_Infinity = 0.321123423421
Number_of_Data_Lines = 	35
	-2.15363238798792e-06	1.96534688582861e-05
	-1.05426912887832e+01	-8.82630433918342e+00
	1.25728612812034e-05	2.13669372820529e-05
	5.10972708034658e-05	-1.15663907003945e-05
	3.07314704488451e-06	5.16091015967049e-06
	…
	3.07314704488451e-06	5.16091015967049e-06
[End Residues Data]

SPARSE MATRIX:  For missing matrix elements, we could either omit the keywords or set their Number_of_Data_Lines value to zero:

[Begin Pole-Residue Data](1,1)
Number_of_Data_Lines0
[End Pole-Residue Data]

[Begin Residues Data](1,1)
Number_of_Data_Lines0
[End Residues Data]

Shorthand for large connectors:  Need a syntax to define repeated matrix components.

BACKGROUND INFORMATION/HISTORY:

The original Touchstone 2.0 [Mixed Mode Order] keyword could be applied to pole-residue data as well, if so desired.  However, it’s unlikely that time domain simulation (for which the fitted poles are created) can be conducted in a basis that does not represent actual node voltages and branch currents.

Another keyword pair might be invented for reciprocal models, which could further reduce the matrix size.

Address upper/lower matrix symmetry (as opposed to zero elements).


Technical background information:


For stability, it is required that the real part of the pole is negative, where pole is a complex frequency at which the denominator of the above expression becomes zero.  This requirement holds for positive α, because denominator of the first summand turns into zero when (α + ω + s) = 0, which is only possible when the real part of s becomes -α and the imaginary part is -ω.  Therefore, in the .pls file we actually define the real and imaginary parts of the pole with the opposite sign, which makes them both positive numbers.
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