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SPICE MODELING SPECIFICATION

1.0 PURPOSE:


The purpose of this document is to establish guidelines for SPICE model file creation, validation, quality assurance (QA) and documentation.

2.0 SCOPE:


This specification applies to all SPICE models whether they are           original models,  models provided by silicon foundries  or models provided by foundries but modified by         .

3.0 DEFINITIONS:


3.1 SPICE:   A circuit simulation program which uses device models. 

3.2 Silicon Foundry:   Integrated circuit silicon wafer-fabrication manufacturer.   

3.3 Stride:             unix network file directory controlled by RCS/SCCS utilities for storing engineering data.
4.0 PROCEDURE:


4.1 SPICE model classification: All          official SPICE models are released to the “stride” directory.  SPICE models are located in the following “stride” subdirectories depending on their extraction and qualification status:


4.1.1 /models: This directory contains 2 classes of SPICE model files certified by          for use.  Class 0 models are models provided by the Foundry  and which have been converted into ‘         Standard Format’ (see section 4.4 ) and have passed ‘QA by simulation’  testing  and review (see sections 4.5.2.4, 5 and 6).   Class 1 models are either Foundry provided or          generated which in addition to the requirements for Class 0 models, have received and passed a ‘correlation to         -measured silicon’ analysis and review ( see sections 4.5.3.3, 4 and 5).


4.1.2 ./obs  subdirectory under the ‘models’ directory:  This directory contains old (obsolete) SPICE model files.


4.1.3 ./eval  subdirectory under the ‘models’ directory.  This directory contains  models  for processes not yet in production at         ,  which are under evaluation.


4.0
PROCEDURE:  (Cont.)

4.2 SPICE Model file revision number.          SPICE model Revision codes  have the form N.M  where N is an integer  class number -- a digit 0 or 1 and M is an integer number.   Examples of class 0 revision codes are:  0.0, 0.1, etc and for class 1 revision codes are 1.0, 1.1,etc.


4.2.1 N =0 stands for class  0.   Class 0 is also known as ‘fab_raw_risk’.  


4.2.2 N=1 stands for class 1.    Class 1 is also known as ‘silicon_correlated’.  


4.2.3 M is the actual revision index.   M begins at  0 for the first revision of a model and ascends by 1 for each new revision.   Some historic files use a finer revision numbering system of form N.M.O  or  even older historic files may have no revision number but contain revision dates.


4.3 SPICE model file naming:     Where possible only one ‘current’ or ‘active’ SPICE model file for each wafer foundry, foundry process and process variant combination is allowed.   This ‘current’ file should have a file name which does not change over the life of the process.  Spice model file names are  ASCII character strings  of form ‘filename’.’suffix’.  


4.3.1 Current or active files have a single character suffix letter ‘l’ (el)  indicating to the spice simulation program that this file is a spice model ‘library’ file.


4.3.2 Obsoleted SPICE filenames have suffix edited into the          revision number.  For example suffix ‘l’ would be edited to become ‘1.7’ for an obsolete model  having          revision 1.7 at time of obsolescence.  Obsolete files are moved to the ./obs subdirectory.


4.3.3 The string ‘filename’ is comprised of several substrings or fields.   The following example is used  below:
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4.3.3.1 The first field of the example string is a single letter code for the process type:  ‘c’ standing for CMOS process is most common at         .  Another code could be ‘b’ for bicmos  process.
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4.3.3.2 The next field is a string of up to  3 digits indicating the process minimum characteristic dimension.  For CMOS processes the minimum characteristic dimension is channel length.  Submicron processes begin with ‘0’ (zero).   This example shows a process with 0.18um Lmin  becoming ‘018’.  


4.3.3.3 The third field is an optional one letter code for the basic wafer/tub type.  Most          processes have code ‘n’ for N-well, twin-tub type process.   Another  code could be ‘s’ for SOI case. 


4.3.3.4 The fourth and fifth fields indicate codes for foundry and process.  The examples shows ‘zc’ for Foundry ZC and  ‘lv’ for  the process.


4.3.3.5 Lastly follow one or more optional ‘suffixes’, each beginning with an underscore to identify other key attributes.  In the example ‘suffix’   ‘_ssp’ indicates this  model only works with SmartSpice’.  


4.4          standard SPICE model file structure.   Model files are to be restructured to contain the following internal components.

4.4.1          standard SPICE model header.    Include the major features of the example header shown in Appendix A.

4.4.2 Corner defining section.  The next file section is constructed to contain 5 corners- defining subroutines.  Expect one each for ‘typical, ’fast’, ‘slow’, ‘fast N,slow P’ and ‘slow N,fast P’.  Depending on method chosen, each of these sections set up ‘physical’  or controlling parameters to modify and call the Device model sections that follow.   

4.4.2.1 Corner generation:   Provision for corners are built into the model file at earliest time possible, if necessary at time of creation of the ‘standard structure’  file.  Choice of the actual method used or tuning of related physical parameters  is done during model release procedure.  Different corner generating techniques mentioned below are allowed:
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4.4.2.1.1 Idsat Corners(‘Process Corners’):  This is the          standard corner method.  Idsat  is defined as reference geometry FET transistor drain current at Vds=Vgs=Vdd  conditions.  The reference geometry for a given transistor type, for example W=10microns wide by L=Lmin long, is given in the process spec.  Idsat is considered to be the key or primary industry standard parameter used for wafer acceptance. As used in the discussion  below,  ‘sigma’ ,  refers to one standard deviation of the variation of  process parameter Idsat.  The following table summarizes the corner description to follow:
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4.4.2.1.1.1 ‘Typical’ corner:    The models are tuned so that simulations of Idsat for both N and P type reference geometry devices hit their respective targets – Idsat process typical or average values.  This typicalN-typicalP or TT corner we name ‘typical’ in the SPICE model file.  
 
4.4.2.1.1.2 ‘Fast’ and ‘Slow’ corners:   One may consider fast and slow  corner targets to be  the Idsat typical target adjusted  by adding or subtracting 3 standard deviations (3 sigma) of Idsat to it.  Subtracting 3 sigma creates a ‘Slow’ idsat target, while adding 3 sigma creates a ‘Fast’ Idsat target. For each  N or P device type  its set of model ‘physical’ parameters is adjusted so that its simulated Idsat comes to match its corner target respectively.  For a ‘Fast’ (aka  fastN-fastP or FF)  corner  N and P transistor targets are both made large in magnitude.  Similarly for  a ‘Slow’ (or slowN-slowP or SS) corner,  both are made smaller in magnitude.  A  ‘2 sigma’ variant of the above corner may be  built on request.  For either case the resulting corners are named ‘fast’ and ‘slow’ in the SPICE model file.  If Idsat distribution is not symmetric Fast and Slow targets will not be symmetric about typical.
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4.4.2.1.1.3 Hybrid corners:   If Idsat targets are adjusted in opposite directions for the N and P type devices  then ‘hybrid’ corners result after adjustment of the ‘physical’ model parameters.          ‘hybrid’ corner targets are based upon adjustments corresponding to 1 (not 3) sigma of Idsat.  The resulting fastN-slowP or FS corner we name ‘fnsp’ and the slowN-fastP or SF corner we name ‘snfp’ in our model file.


4.4.2.1.1.4 Capacitance tuning:   Once the ‘DC’ portions of the  ‘Idsat’ corners are created, the final step of this cornering method is to adjust the ‘physical’ parameters which are FET capacitance related, eg Coverlap, Cjunction so that simulations of standard ring oscillators give accurate speed predictions at typical. For models where it is not possible to acquire speed distributions,  a percentage change in the typical value of these ‘Capacitance’ parameters  is applied to create amended ‘fast’ and ‘slow’ corners. 


4.4.2.1.2 Speed Corners:   Tuning of the ‘physical’  model parameters may also be done to target standard circuit or ‘farms’ of circuits measured delay behavior and its corner variation  to create 5 corners corresponding to the Idsat methods corners.


4.4.2.1.3 Other Devices Corners;     Devices such as resistors  and capacitors  normally only have ‘typical’, ‘fast’ and ‘slow’ corners.  Hybrid corners for these devices contain the ‘typical’ case. Diode capacitance models  have similar corners.  

4.4.3 Device model section.  The next file section contains individual device spice models.  Depending on corner method chosen these models have global parameters which permit corner functioning.  SPICE device model names, such as ‘N3’, and parameters are defined here according to normal SPICE language syntax.

4.4.3.1 Devices to be included:   Devices included should be listed in the ‘New Technology: Models needed plan – Devices to be included sheet’. 
 
4.4.3.1.1 FET  models:  CMOS process device sets usually include standard and thick oxide FETs, and possibly  Low Voltage FETs.

4.4.3.1.2 Passive device models:  Simple 2 terminal resistor models are often provided.  Some processes require MIM or Poly/Poly capacitor models.


4.4.3.1.3 Bipolar models:  Often geometry specific V-PNP models are provided.  Cell layouts should be made available of the specific device modeled in /stride/../spice/layout directory.
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4.4.3.1.4 Diode models: Scaleable diode models should be extracted and included using area/perimeter diode model structure.


4.4.3.2 Device naming conventions:   Some standard device names have been developed for FET transistors, diodes and bipolar transistors.  Processes often have two main operating voltages related to gate oxide thickness of FETs.  The following table shows some example standard model names:
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4.4.3.2.1 Primary, lower voltage devices are named in this fashion:   ‘N’ for NMOS, ‘P’ for PMOS, and ‘ZN’ for Zero VT or Native device.  For diodes we have ‘NDIO’ for N+/Pwell diode,  ‘PDIO’ for P+/Nwell diode, and ‘NWDIO’ for Nwell/Psub diode.   For bipolar transistors we have ‘VPNP_x’ for a vertical PNP of geometry code ‘x’, and ‘VNPN_y’ for vertical NPN of geometry code ‘y’.

4.4.3.2.2 Secondary or higher voltage devices have the same prefix name but are followed by a single digit code closest to the actual voltage used. For example a NMOS device of the higher voltage type in a 1.5/3.3v process would be named ‘N3’.
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4.5 SPICE model release procedures:


4.5.1 Preparations/Prerequisites.   Certain pre-work is needed before any class spice model can be developed for release. (see right-hand side of Figure 1 for prerequisites)

4.5.1.1 Process Spec: Any class model, 0 or 1, requires that process specs be obtained for the devices to be modeled.   Idsat targets for reference devices must  be known.  Other critical device specs can be had from the ‘Erules’ document if it is sufficiently modern for that process or directly from the Foundry otherwise.

4.5.1.2 Design rules must be known so that correctly designed transistors and other devices can be checked if test chip and silicon is provided by the Foundry or can be designed and layed-out into a          test chip.  Design rules define critical spice parameters such as ‘LDIF’ and ‘HDIF’.

4.5.1.3 Test Chip: Any test chip used for Class 1 model development and QA must include a wide range of FET W/L gate geometries for each device type, appropriate process sensitive capacitors, resistors and diodes and other devices to be used by design and to be modeled.  It must include a selection of standard circuits for speed correlations whose layout is available for use in interconnect parasitics extraction. 

4.5.1.4 ET/Char data: Class 1 models require that near-typical silicon with appropriately documented test chips be acquired.   To prove near-typical nature of silicon received characterization data must be acquired  and analyzed.  This data may be from either the Foundry or/and          characterization.

4.5.1.5 Parameter Optimizer & Method:            must have available to them a parameter extraction and optimizer tool such as BTA Bsimpro.  This is a quick way to collect IV and CV data and build device models.  It is also an easy way to calculate ‘goodness of fit’ of device model simulations to measured IV and CV  device data.

4.5.1.6 Device IV/CV data:To perform the ‘model to silicon’ correlations needed for class 1 model release IV and CV device characteristic data and standard circuit speed data must be collected. IV and CV data are needed to extract original models.  Foundry provided IV and CV data may be used to check goodness of fit but not correlate class 0 models.

4.5.1.7 Update lists for QA by simulation: Model quality checks known as ‘QA by simulation’ (see sections  4.5.2.4, 5 and 6)  require that the Level 1 and Level 2 QA automation system control lists and scripts be updated for the models under review.  Specific model quality measures are coded into the automation lists used by the  programs which create the needed reports.    
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4.5.1.8 Circuit Delay data: All model classes benefit from some form of circuit speed to simulation correlation.   Measured circuit speed data may be provided directly from the Foundry for class 0 models. 

4.5.1.9 Port Model/Data to Optimizer:  The model and at least a sample of the best available ‘calibration’ IV data must be converted into a form useable by the optimizer program (eg BSIMPro) in order to display and calculate model goodness of fit.   In the case of class 0 models calibration IV / CV data may be minimal or based upon numerical device simulation.  In the case of class 1 models the IV data available from the Foundry may be used until         -measured IV/CV data is collected.  Models  so ported enable reference simulations to compare with measured IV and CV data for recognition and rejection of bad data.

4.5.1.10 Extract Parasitics/Simulate Std Ckts/Measure Delays: .  Layout data for the circuits simulated should be available so that          can extract parasitics.  For the case of class 1 models           must prepare corresponding netlists for the standard circuits and silicon which they will measure and simulate as required by the ‘speed’ correlation to silicon. 
4.5.2 Release as  class 0 model  ( See Figure 1 for Flow )


4.5.2.1 SPICE models provided by the foundry are converted into standard          internal format  in terms of model names, types, corners, etc.            models may be added to the model file if the foundry provides no model for the desired device.


4.5.2.2 If indicated by preliminary simulations or Level 1 QA  runs,  perform minor adjustments of typical model  to achieve reasonable process specified typical behavior.


4.5.2.3 Also if indicated by these preliminary runs,  perform  minor adjustment of corner models  to hit         -defined, process specified corners.


4.5.2.4 Level 1 QA:  SPICE models are subjected to Level 1 QA which consists of verification by simulation of relevant PCM specs (i.e. Idsat, VT, Ioff, etc.) and performance characteristics (i.e. ring oscillator delay, gm, gds,  self gain, etc.).   Temperature dependence of certain parameters such as Idsat  and Vt is checked.  A report is created to summarize the simulation results.
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4.5.2.5 Level 2 QA: This second level QA consists of simulation of a suite of SPICE netlists to insure that SPICE models behave physically correct in various operating regions without causing any convergence problems or undesired warning messages. SPICE netlists are created to address both device and circuit level behavior.  Continuity of certain key parameters such as Idsat and Vt  across bin boundaries will be checked for binned models.  The model is tested at temperature and bias corners for functionality. An electronic report consisting of simulation results is kept in the system for future review. 


4.5.2.6 Model  QA Review:   Upon completion of Level 1 and 2 QA, the lead engineer reviews the QA results and examines the  best available data to model goodness of  fit.  If necessary, lead engineer calls in other group members for special model problem resolution.  (see Figure 1 for flow).  If the model passes review it may be released as a class 0 model to the ‘models’ directory.


4.5.2.7 Model fix: Significant model defects found during QA shall be communicated to foundry for model repairing and/or will be fixed internally.

4.5.3 Release as class 1 model: ( See Figure 1 for Flow)   Foundry or          created  models passing class 0 review may be submitted to the more stringent class 1 testing  and review process.


4.5.3.1 Wafers with Test Chip: The release of a SPICE model as class 1 requires the availability of test chip silicon. The test chip might be a foundry or         -designed test chip.


4.5.3.2 Identify ‘typical’ wafer: Available silicon is characterized and data is compared to PCM specs of relevant technology. Based on characterization data and PCM spec, the wafer site or silicon die with characteristics closest to typical is identified for further SPICE model oriented data collection.  Foundry provided characterization data may also be used to help identify this most typical silicon.
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4.5.3.3 DC & Cap  correlation: Here the existing typical model is ‘physical parameter adjusted’ so that simulated and near-typical measured IV and CV device curves come as close to each other as possible.  If successful this proves that original model can describe process variations about ‘typical’ with minor modifications. Standard DC data to be collected consist of ID-VDS, ID-VGS (linear and subthreshold), GM, GDS characteristics. A reasonable channel length (L) and width (W) geometry matrix is chosen for data collection. A desired matrix should include enough geometries to check minimum, medium and long L and W ranges.  Upon availability of appropriate structures, junction, overlap and gate capacitance data are also collected. Next the SPICE model should be tuned to existing silicon in terms using ‘physical’ parameters of the ‘typical’ corner. The tuning parameters consist of gate oxide thickness (Tox), effective channel length and width (Leff, Weff), threshold voltage (VT) and mobility and saturation velocity parameters.  Once the data and ‘adjusted’ model are available, measured vs. simulated data plots are generated for review and use in the ‘correlation’ report. 


4.5.3.4 Speed correlation: The ‘adjusted’ model from the previous step is used to simulate standard circuits and to check simulated versus measured delays. Additional model perturbations may be found which help explain remaining simulation error.  A desired set of such circuits should include Ring Oscillators of  basic inverter type, nand, and  nor type made of gates with different fan outs and metal loading.  Circuit simulations shall include best estimates of extracted interconnect parasitics.  Measured vs. simulated data tables are generated and included in the ‘correlation’ report for future reference.


4.5.3.5 Correlation to Silicon Review:  The lead engineer reviews the results of  these correlation to silicon tests.  If necessary,  the lead engineer calls in other group members for special model problem resolution.  (see Figure 1 for flow).  The strict accuracy requirements below are applied  when examining this ‘adjusted’ model.  A final ‘correlation to silicon’ report is issued and posted to stride if the model passes.


4.5.3.6 SPICE model accuracy criteria: An industry wide accepted criteria for goodness of fit of SPICE models are provided below:


4.5.3.6.1 DC accuracy: If R.M.S. fit error of devices selected  in Linear and Saturation regions and over process operating temperature is < 5% and the Maximum error  is < 10%  then model passes DC.


4.5.3.6.2 Delay accuracy: If the Delay accuracy of selected circuits is from 0  to 10% then the model passes Delay prediction accuracy.  Delay accuracy in percent is defined as 100*(simulated delay – measured delay)/measured delay.
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4.5.3.7 Provide feedback to originator of model on observed SPICE model issues and request fix.


4.5.3.8 If during the process of performing the above ‘correlation’ any  changes to the parameters of the original model have been required, then a new Level 1 and Level 2 QA and  review shall be performed on at least those portions of the model which were changed.


4.5.3.9 If Level 1, Level 2 QA pass review and ‘correlation’ accuracy is met then the original model  may be released class 1.

4.6 Final Update Procedures:   Additional goals of this procedure are to make SPICE model files easy to find, to maintain adequate file modification history and to announce new releases to Design. 


4.6.1 Update Spice ‘README’ file: One of  the files on the /stride../spice root directory is an index to new model files and must be kept updated to reflect the new models released.   Change the ‘README’  file to include paths to any new models,  associated reports and device layout files.


4.6.2 Update modification history and related files list contained in  the SPICE model file header.  Give sufficient detail to be useful.  Be sure related document(s)  are noted there and posted to  the appropriate ./spice/reports directory.  Be sure related device layout files (*.gds and/or *.tdb) are noted there and  are posted to the  appropriate /stride../spice/layout directory. 


4.6.3 Announce new SPICE model release to Design Community.  For example post a brief note to ‘Design Community’ include filename and path to the new model on stride using the email listserver alias:  ‘design_kit%mailinglist3@corp.        .com’


4.7 Where SPICE models and related files are stored:   Refer to Figure 2 for the directories used in Stride by this spec.   The spice/ subdirectory is the root directory for spice documents.  In this root directory one will find the SPICE ‘README’ file containing useful information and a directory of SPICE model files and locations. Off of this root directory branch several sub-directories.  reports/ and its subdirectories contain the associated  SPICE model release reports.  The main sub-directory ‘models/’ contains  the actual model library files. 
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Figure 1.   Flow and  Pre-work  for class 0  ‘fab_raw_risk’ and class 1 ‘silicon_verified’ models
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Figure 2.  Stride/SPICE directories used 

*------------------------------------------------------------------------

* $Id$ 

*------------------------------------------------------------------------

* file: c013j.l  Revision: 0.3, 3/22/01 (TSMX ver 1.1, 3/22/01)

*      in stride directory: /stride/lib/tech/process/spice/models

* Spice Model Library for Fab J, Process: J013LV,

*                             Technology:  C013 1P7M Technology[0.6,1.5V]

* (C)                  and TSMX  2001.

*------------------------------------------------------------------------

* Notes: These models are for use with Hspice 98.2 - 01.2

*

*------------------------------------------------------------------------

* Questions: Wanna B. Spiceng  (WBS@corp.        .com) 555-555-5555

*------------------------------------------------------------------------

* Revision History:

*  Rev    Date     Who            Summary of Changes:

*  0.3   3/22/01   WBS            0.6V N Fet improved self-gain fit.

*                    

*  0.2   2/15/01   ABC            Initial model passes 2nd QA, with

*                                 adjust of 0.6V Pfet tempco xyz.

*

*  0.1   2/13/01   ABC            Initial model passes 1st QA. 

*------------------------------------------------------------------------

* References/Reports:

*  1)  TSMX foundry Spice Doc  XTUU0123.00

*  2)  See Rev 0.3 qualification results report: "c013j_vp3_QA.pdf"

*         on stride directory  /stride/../spice/reports

*  3)  See Vertical Bipolar 'VPNP_10' device layout in file

*         'vpnp_10.gds' in directory /stride/../spice/layout/j13lv

*

* General Comments:

*    Previous legal version of this file (rev 0.2) has been renamed to

* c013j.0.2, placed on ../models/obs subdirectory and made

* self-referential from that location.

*-----------------------------------------------------------------------

* Available Devices,  Model Names, and device Size ranges:

*   FETs:       asdf        N2         0.18<=L<21    0.22<=W<101       

*               jklm        P2            ..            ..      

*   Diodes:      ..          ..           ..            ..

*   Bipolars:

*   Resistors:

*   Capacitors:  ..          ..           ..            ..

*-----------------------------------------------------------------------

Appendix A.  Example of the standard SPICE file header
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