6.0	Models, LIBRARIES and Modeling Tools


Goals:  To develop models and modeling methodology that supports the overall MMIC/MCA technology base.  Models are the cornerstone of effective design capability.  Specific goals under MAFET include enhancement of the accuracy and parameter coverage for existing models along with the development of new model generation tools.


Results:  Rapid generation of foundry specific passive model libraries,  useful physiscs based active device models,  improved models and extraction techniques for foundry devices,  definition of MCA level models, development of circuit radiation models


Milestones Supported:  Milestones 5,  6,  7,  8,  11,  12 and 13.  (SOW sections 6.1, 6.2,  6.4 and 6.6)


Accurate, broadly applicable models, representing passive structures, active devices, and active components are required to successfully achieve the goals (particularly virtual prototyping and fewer iterations) of the MAFET program. The primary problem today is the high cost and time required to create models for these libraries.


Another industry requirement is the efficient generation of foundry libraries in a defacto MAFET industry standard format ready for direct electronic connection to simulation tools and design environments. We believe the development of simulators that support a neutral model format (SOW 4.4) and the development of model generation tools adequately address these needs when combined with commercially available library management tools.


This program will develop models that support the overall MMIC/MCA technology base, including the extensions provided by Thrust 2 programs. Specifically, effort will be expended to develop model generation tools for active devices and passive MMIC/MCA interconnect and matching elements that are accurate up to 100 GHz. These tools will greatly reduce the time required to develop and/or update a technology specific library. Table 6-1 is an overview of modeling task activities. A top level schedule is shown in Figure 6-1.


TABLE 6�1.ÊÊModeling Task Top Level Activities


General�Task Area�
New or Enhanced�
Objective or Benefit�
WBS�Elements�
�
Passive Component Model Generation�
New�
Allows foundry- specific libraries to be generated rapidly�
AGLA�
�
Physics Based Active Device Model Generation�
New�
Device models without fabrication, measurement and extraction�
AGLB�
�
Better Foundry Models�
Enhanced�
Improved accuracy and parameter coverage for active device models�
AGAA, AGFA, AGGA, 


AGHA�
�
Models of Radiation and Related Effects in MCAs�
New�
Allows prediction of radiation from and coupling between MCAs in low -cost (plastic) pkgs�
AGTA�
�
HP Data Server�
Enhanced�
The Data Server provides an open architecture, high-performance mechanism for common data storage, change notification, and transfer. It is an integral component of the passive and active model generators and the neutral model strategies, and is essential to the model portability objective.�
AALG�
�



�


Figure 6-1.  Top Level Schedule for Modeling Activities


Internal Software Validation


Software validation will be done in accordance with internal QA procedures of EDA companies. EDA companies will develop a suite of validation test cases consisted of existing test cases and input from user companies. Validation plan will be defined after the requirement specification and refine after functional specification. A preliminary validation plan is due to the Tri-Services three months in advance of feature delivery.


6.1	Passive Component Model Generation


Goal: Provide rapid,  accurate and efficient generation of passive strucutre models through 100 Ghz.


Result:  An EM simulation-based passive component model generator


Milestones Supported:  Milestones 3, 4, 5, 6, 7, 8 and 13.  (SOW Section 6.1)


An EM simulation based, passive component model generator will be developed. This tool will allow foundry-specific libraries to be generated very rapidly.


Support for 2D transmission line structures will be demonstrated (milestone 7).


Support for 2.5D uniplanar discontinuities will be demonstrated (milestone 5).


Support for 2.5D isolated multilayer discontinuities will be demonstrated (milestone 6).


Support for arbitrary 3D structures will be demonstrated (milestone 8).


An integrated model generator for multilayer structures with 2D, 2.5D and 3D analysis capabilities will be demonstrated (milestone 13).


The MDE Consortium user companies will define the parameters needed for the table to be used in the passive model generator. This parameter definition will be done as part of the Requirements Definition activity, and will appear in the first draft of the Requirements Definition Document (milestone 3, month 6).


Integration/Validation


HP EEsof will be integrating technology from three different EM based technologies into the model generator. Each of the engines will be tested independently and then integrated together in an automated model generation mode. As a standard part of the HP EEsof QA process, we will test the software on real-world problems with a suite of EM test cases that have built up through our normal commercial processes. This test suite currently contains approximately 150 actual customer structures. Additionally, we will solicit real-world test cases from the user companies. These test cases will be defined in the Requirements Document (milestone 3, month 6) and will represent the prioritized needs of the user community.


6.1.1	HP EEsof Approach


6.1.1.1 Passive Model Generator


6.1.1.1.1ÊÊDetailed Description of Approach


Proposed


Leverage pre-existing EM capabilities in Momentum (2.5D EM), HFSS (3D EM) and the HDMP 2D EM Simulator into a Millimeter-Wave Passive Modeling System seamlessly integrated within the HP EEsof Design Environment. 


Table 6-2 is a listing of the base product/functional enhancements.


TABLE 6�2.  Base Product/Functional Enhancements


WBS No.�
Task Description�
Functional Enhancements�
�
AGLA�
Passive Model Generator�
2D, 2.5D and 3D customization for isolated discontinuity model generation


Performance optimization for electrically small models:


Substrate-specific Green function development


Fast Frequency Sweeps


Iterative Solution Processes for 3D simulation


3D objects will be generated from schematic/layout


Parameterized geometries for multilayer 3D objects


Automated model generator executive�
�



2D, 2.5D and 3D EM simulators will be customized to the needs of isolated discontinuity model generation for multilayer microwave and millimeter-wave applications:


Electrically small, isolated discontinuities


Process-specific substrates for 2.5D structures


3D objects generated from schematic/layout, no general 3D solid modeling required


No post-processing


No visualization (except 2D mode patterns).


A multidimensional database will store EM model generator results. Dynamic database interpolation allows microwave and millimeter-wave designers to retain the circuit simulation speed associated with existing lower frequency simulation. The data format will be made available as a multidimensional extension of existing HP EEsof data file standards.


In principle, commercially available EM simulators can be utilized to build fully parameterized discontinuity models. However, the range of generality inherent in these products results in computation time and compute resource demands prohibitively high to permit effective use. Focused and coordinated attention on critical performance issues is essential to achieve parity between millimeter-wave and microwave passive circuit analysis. 


Planar 2.5D Green function engines can be reformulated for process-specific multilayer topologies to address planar junctions and transitions. Coupled with the assumption of only close proximity coupling, dramatic EM speed improvement can be achieved. Prototype results for a microstrip step-in-width indicate that 30:1 EM speed improvement relative to the commercial Momentum and about 3,500:1 relative to HFSS can be achieved from this single performance-focused improvement. Process speed for full model generation will be substantially faster due to the parametric representation of the planar discontinuity and the automatic structure creation control processes.


Performance-focused improvements to HFSS will result in much faster 3D EM simulations for multilayer discontinuities having a more general shape, making limited parameterization of 3D models a feasible activity. HFSS performance improvements for model generation application also apply to the larger class of general 3D structure simulation. HFSS will be integrated into the HP EEsof Design Environment for the purpose of millimeter-wave multilayer model generation.


The HDMP 2D EM Simulator will be integrated as a transmission-line calculator for arbitrary multilayer cross-sections. HDMP 2D EM simulation speed is already adequate for model generation applications due to a relative performance improvement approaching 2 orders of magnitude with respect to the existing capability within the commercial HFSS product.


The MAFET-funded performance enhancements for 2.5D EM and 3D EM simulation provide the breakthroughs necessary to realize an effective parameterized microwave and millimeter-wave passive modeling capability fully integrated into the HP EEsof Design Environment and capable of generating a table-based model library for other compatible circuit simulator environments.


Table 6-3 is a listing of new tools.


TABLE 6�3.  New Tools 


WBS No.�
Task Description�
Functionality�
�
AGLA�
Passive Model Generator�
Passive Model Generator Product Line


EM Line Calc for 2D Cross-Section Analysis


2D Transmission Line Model Generator


2.5D Uniplanar and Multilayer Model Generators


Arbitrary 3D Model Generator�
�



Technical Partners


HP EEsof has been funding work at WPI for basic finite element technology focused at model generation. We will continue that work for the coming year, with WPI focusing on some of the performance enhancements that will be seen in the second year of the program. In addition, HP has and will be working with the University of Gent for 2.5D multilayer technology.


Trade Studies


Multilayer Planar Discontinuity Solver:


We will be evaluating several implementation options for the multilayer planar discontinuity solver. We currently are investigating static, quasi-static, and two dynamic formulations. The early part of this trade study has been a part of the HP EEsof cost share.


6.1.1.1.2ÊÊMilestone Descriptions


Internal Milestones 


Milestone 3 – Internal model generator project draft specification


Milestone 4 – Selection of final 2.5D multilayer formulation(s)


Major Milestones Supported


Milestone 5 – 2.5D uniplanar performance demonstration


Milestone 6 – 2.5D multilayer performance demonstration


Milestone 7 – 2D EM linecalc demonstration


Milestone 8 – Arbitrary 3D structure demonstrated


Milestone 13 – Integrated model generator demonstration


6.1.1.1.3ÊÊList of Attributes of Each Release


MDE 1.0 


2.5D uniplanar discontinuity solver


MDE 2.0 


2.5D multilayer discontinuity solver


2D EM linecalc solver


MDE 3.0 


2D, 2.5D, 3D integrated passive model generator


6.1.1.1.4ÊÊRisk Assessment/Management Plan


This task includes a mixture of low to medium risk subtasks, as defined in Table 6�4.


TABLE 6-4.  Low to Medium risks subtasks defined


Item�
Simulator�
Response�
�
Risk versus payback�
2D�
Low risk: EM R&D completed


High payback: Unique uw/mm capability�
�
�
2.5D�
Moderate risk: Uniplanar mesh and slots


Low-moderate risk: 2.5D EM formulations


High payback: generality for multilayer planar, high performance for discontinuities �
�
�
3D�
Low-moderate risk: HDMP 3D EM


Moderate risk: 3D EM model generation


High payback: Automated model generation including arbitrary 3D�
�



6.1.1.1.5  Staffing


Project Manager David Wilson will lead the model generator effort through the definition and development phase, coordinating the 2D, 2.5D and 3D EM simulators and the model generator architecture developments. DavidÕs time will peak at about 20 percent in year 2 as the model generation integration tasks begin.


Jian Yang is the development engineer for the 2.5D uniplanar simulator, and will be spending about 50 percent of his time on this subtask during the first and second years.


Neils Fache is the manager of the 2.5D multilayer planar development team. Neils will spend approximately 20 percent of his time leading this development effort. Neils will assign a full time engineer in years 2 and 3 to complete this task.


John Moore is the development engineer on the 2D cross-section solver that has just completed HDMP technical development. John will move this technology into the model generator in year 2 of the program, and will be allocating about 25 percent of his time to that task. John will be spending the other 75 percent of his time completing the 3D engine development for the model generator. He will be working on this subtask with Brad Brim, who will also work at about 75�percent loading for years 2 and 3 to complete 3D technical developments and to integrate the 3D engines into the model generator.


Bret Strain is the development engineer leading model generator architecture definition and the development of the executive program. He will be allocating approximately 50 percent of his time in years 2 and 3 for this effort, and will be selecting a graphics engineer to work with him for this same period. 


Dr. Jin-Fa Lee will participate on advanced matrix solution matrices, fast frequency sweep, and assytotic waveform expansion for the 3D portion of the model generator.


He will spend approximately 50 percent of his time on these tasks in the first year of the program.


Rick James will be running the benchmark validation suites as mentioned above in the validation phase. Rick will spend approximately 25 percent of his time over the life of the program on this activity.


6.1.1.1.6ÊÊDetailed GANTT Charts for Passive Model Generator


Figure 6-2 is a detailed schedule for 3D development. The tasks and subtasks on this figure are entirely funded by the MDE Consortium as part of its cost share.


�


Figure 6-2.  3D Development Schedule


Figure 6-3 is a detailed schedule of the 2.5D uniplanar discontinuity development task.


�


Figure 6-3.  2.5D Uniplanar Discontinuity Development


Figure 6-4 is a detailed schedule of the 2.5D multilayer planar development task.


�


Figure 6-4.  2.5D Multilayer Planar Development Schedule


Figure 6-5 is a detailed schedule of the 2D/3D multilayer development task.


�


Figure 6-5.  2D/3D Multilayer Development


6.1.1.2	HP Data Server


	The primary goal of the data server development is robust support for larged table based model outputs from the passive and active model generators.  The results will be documentation


of the formats for design data portability between environments. The data server is a requirement for the efficient operation of the passive and active model generators (sections 6.1 and 6.2), as well as the neutral model (section 4.4.2).  


	





6.1.1.2.1	Detailed Description of Approach


A common data format will be developed for design tools that require high speed data storage and exchange. HP EEsof will collaborate with Cadence Design Systems to define and validate the data format. The Data Server architecture and software will be developed and validated against specific performance requirements. The Data Server will support a message system for data notification among data generators and data consumers. The tool enhancements are described in Table 3�12.


Table 6.12.  Simulator Integration - Functional Enhancements *** Text CHANGE*** 





WBS NO.�
Task Description�
Functional Enhancements�
�
AALG�
HP Data Server�
The Data Server provides an open architecture, high-performance mechanism for common data storage, change notification, and transfer. It supports both data generators and provides bi-directional translation support for popular data formats, including table based data from active device simulators, and passive model generators. As such, it is an integral component of the passive and active model generators and the neutral model strategies, and is essential to the model portability objective.�
�






6.1.1.2.2	Milestone Descriptions


Major Milestones Supported


Milestone 5 – HP Data Server Beta Complete.


Internal Milestones


Milestone 3 – Internal Data Server Spec for table based models


Milestone 4 – Data Server spec for Passive and Active Physics Model Generator


6.1.1.2.3	List of Attributes of Each Release


MDE 1.0:


AALG – Data Server


MDE 2.0: None


MDE 2.0: None


6.1.1.2.4	Validation Plan


As a standard part of the HP EEsof QA process we will test the software on real world problems. HP EEsof has a suite of validation test cases, and we will solicit MAFET test cases as well. Beta quality code will be released for customer validation.


6.1.1.2.5	Staffing


Table 6-13 shows the personnel assigned to and the percentage of their time to be devoted to this task.


table 6-13.  personnel assignments and allocated time


Name�
MAFET Project Role�
Time (%)�
�
Mitch Mlinar�
Table based data manager�
10�
�
Darry Okahata�
Dataset Technical Lead�
50�
�
TBD�
Dataset contributor�
50�
�






6.1.1.2.6	Detailed GANTT Chart (Figure 6.14)
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Figure 6.14.  HP EEsof Open Architecture Detailed Schedule 


6.2	Physics-Based Active Device Model Generator


Goal:  To acquire the ability to generate useful active device models without fabrication,  measurement and extraction.


Result:  A physics-based active device model generation tool


Milestones Supported:  Milestones 7,  8,  11,  and 12. (SOW Section 6.2)


A physics-based active device model generator will be developed. This tool will enable accurate nonlinear statistical models to be generated without requiring hundreds of devices to be fabricated and tested.


Support for MESFET devices will be demonstrated (milestone 7).


PHEMT device support will be demonstrated (milestone 11).


Integration/Validation


The active physics-based active models for MESFETs and HEMTs will be directly integrated within the HP EEsof merged circuit simulator. This will include generation of statistical device data for manufacturability analysis, and will be validated with HP foundry data as well as CMC member data. 


6.2.1	HP EEsof Approach


6.2.1.1ÊÊDetailed Description of Approach


Proposed


Physics based active models for MESFETs and HEMTs will include the tasks detailed in Table 6-5.


TABLE 6�5.  New Tool - Task AGLB


WBS No.�
Task Description�
Functional Enhancements�
�
AGLB�
Active Physics-Based Model Generator�
Active Model Enhancements:


Fast simulation of detailed device physics


Automatically generates Root Model or circuit simulation state variable data table


Generates statistical data for devices


Data model integrated in circuit simulators


Models higher order physics


Supports MESFETs, and HEMTs


Simulates effects of device processing effects on key device parameters


Supports reverse modeling�
�



Technical Partners


HP EEsof will be working with the University of Leeds to complete this work. Leeds is funded for two researchers on active device modeling. One partially funded by MAFET for MESFET, and one totally funded by HP EEsof for HBT because of reduced funding on MAFET.


Trade Studies


Not applicable


6.2.1.2ÊÊMilestone Descriptions


Major Milestones Supported


Milestone 7 – MESFET device simulation demo


Milestone 8 – MESFET beta release


Milestone 11 – PHEMT device simulation demo


Milestone 12 – PHEMT beta release


Internal Milestones


Milestone 2 – MESFET technical review


Milestone 7 – PHEMT technical review


6.2.1.3ÊÊList of Attributes of Each Release


MDE 1.0 


Progress report on MESFET 


MDE 2.0 


MESFET beta release


MDE 3.0 


PHEMT beta release


MESFET commercial release


6.2.1.4ÊÊRisk Assessment/Management Plan


Table 6-6 is an overview of the risk assessment.


Table 6-6.  Risk assessment Overview


Active Model Enhancements�
Risk�
Reward�
Benefits�
�
Fast simulation of detailed device physics�
Medium�
High�
1000( faster than common 2D device sim�
�
Automatically generates Root Model or circuit simulation state variable data table�
Low�
High


�
Fast, accurate circuit simulation of process-based device models 


Convenient comparison to measured data�
�
Generates statistical data for devices�
Low�
High�
Eliminates the high cost of measurement-based statistical modeling �
�
Data model integrated in circuit simulators�
Low�
Medium�
Supports performance optimization of process and physical parameters �
�
Models higher order physics�
Low�
Medium�
Applicable to submicron gate length devices for millimeter applications�
�
Supports MESFETs, and HEMTs�
Medium�
High�
Accurate device models for millimeter-wave circuit design�
�
Simulates effects of device processing effects on key device parameters�
Low �
High


�
Identifies high sensitivity design parameters


Can simulate device before and after gate metal process�
�
Supports reverse modeling �
High�
Medium�
Can derive key process variations from wafer-based measurements�
�



6.2.1.5ÊÊStaffing


The staff for this project currently includes two researchers at the University of Leeds, John Atherton and Ke Lu. John has been full time on the MESFET model and Ke Lu has been working on HBT development (not funded by MAFET). Both of these engineers are 100 percent dedicated to the active physics device development.


HP will also be assigning an engineer to the integration and validation tasks after the first of 1996. This task will last for approximately six months of full time development. 


6.2.1.6 ÊDetailed GANTT for the Active Physics-Based Device Simulation


Figure 6-6 is a detailed schedule for the active physics-based device simulation task. This task is cost-shared by the MAFET program and the MDE Consortium.


�


Figure 6-6.  Active Physics-Based Device Simulation Schedule


6.3	Convert Existing Models to Neutral Model Format


Goals and Results:  Not Applicable


It is an important contribution to industry for third party developers to create models that are acceptable to all simulators in the industry. Such a model portability requirement will be addressed with a neutral device format specification and development of code within existing commercial simulators (see SOW 4.4).


No model conversion work is contemplated in the current version of the Program Plan. This requirement will be considered in future Program Plan revisions and in the option year tasks of this program.


6.4	Expand Accuracy and Range of Operation of Active Device Models �	from Foundries


Goals:  Improve the accuracy of existing device foundry models,  improve the parameter coverage and the range of operating conditions for existing foundry device models,  extend the frequency range of existing device models,  develop more effective model extraction techniques (including statistical modeling methodology),  define the parameteriztion for MCA level models,  develop models for circuit radiation.


Results:  New model architectures,  defined methodology for model extraction including statistical modeling,  defined parametrization for MCA level models,  model for the radiation from and coupling between circuits in non-metallic packages.


Milestones Suported:  Milestones 6 and 12.  (SOW section 6.4)


Effort will be expended to enhance models for popular active device technologies (e.g. PHEMT and MESFET). These enhancements will support a wider range of operating conditions (pulsed operation, bias dependencies, temperature dependencies) and provide improved accuracy over those operating conditions. Quiescent bias dependence of pulsed I-V characteristics will be incorporated into a single model. Accurate representation of the derivatives of the model element values will be included to predict harmonics and third order products accurately. Accurate modeling of the nonlinearity in model elements, particularly Cgs, Cdg, and Cds will be pursued. Incorporation of the bias dependence of all intrinsic linear elements will be evaluated for inclusion in the improved model. The model enhancements will also provide support for statistical variations with proper correlation to enable assessment of performance margin and will provide accurate representation of active devices at millimeter wave frequencies.


In addition to the enhancement of existing device models, we will develop the proper parameterization and model formulation for MCA level models to support array T/R modules, EW receiver modules, and other DoD applications.


We will define and develop appropriate structures to validate models and model generators generated under this task


Model Extraction Techniques


With the generation of new more comprehensive and accurate device models, and the increasing importance of statistical design methodology, comes the requirement to be able to extract such models in a robust manner. The following activities will be pursued under this task:


Improvement of techniques for extracting parameters under pulsed I-V conditions


Enhancement of large signal model extraction software to allow automated batch mode operation with minimal user interaction


Development of simplified in-process measurements to determine model parameter statistics


Development of the proper parameterization for model formulation at the MCA level.


Integration/Validation


Since several companies are involved in this task, each performing somewhat different functions, the validation activities are slightly different for each. Validation plans appear in the following subsections for each individual company, as applicable.


A key to the integration of this work with the MAFET design environment is model portability. All tasks described herein will strive toward the MAFET portability goal. As stated in Section 6.3, no model conversion work is contemplated in the current version of the Program Plan. However, to the extent that models are created under this task (most of the effort deals with modeling methodology rather than the creation of models), the models will comply with the neutral model format that will be defined in month 6 of the program.


6.4.1	Raytheon Approach


Goal:  Large signal PHEMT model with fewer limitations than those currently avaliable,  improved parameter extraction and data collection for foundry models,  good statistical models for design centering and yield optimization.


Results: Improved basic large signal model,  parameter extraction and data collection for PHEMT devices.  Defined statistical modeling methodology for FET and PHEMT devices


Milestones Supported:  Milestones 6 and 12.  (SOW section 6.4)


6.4.1.1  Detailed Description of Approach


Model Accuracy Enhancement


A good large signal PHEMT model should accurately predict/exhibit:


S parameters


Scalability in frequency, size and bias


Large signal operation that is small signal consistent


Large signal operation in regions of very light drive and heavy nonlinearities (e.g., very low level third order intermodulation)


Be layout sensitive (i.e., be able to predict changes to feeding transistors, changing manifold structures, etc)


Be correlatable with process variations to enable statistical analysis.


A key factor toward developing this ultimate PHEMT model is to improve the existing large signal model. While current large signal PHEMT models have exhibited reasonably good agreement with measured data under Class A and Class AB conditions, accuracy is poorer under class B and F conditions where harmonic terminations are more significant. This stems from a limited understanding of the existing PHEMT modelÕs ability to predict harmonic power. There is also limited data available to establish the accuracy of third order IMD predictions. Our emphasis under the MAFET program, therefore, will be to develop an accurate universal large signal PHEMT model useable over a wide range of DC bias, RF drive and frequency.


There are several key areas that need to be addressed to develop a better large signal PHEMT model:


Improvement of the Basic Large Signal Model, Parameter Extraction and Data Collection


IV expressions used in the large signal PHEMT model need further refinement. Imax behavior needs to be incorporated into the model. Derivatives of the model element values must be properly included to predict harmonics and third order products accurately. Nonlinear elements such as Cgs, Cdg and Cds require more accurate modeling. Currently, only the Gm and Gds nonlinearities are satisfactorily included in the model.


While the present large signal models are capable of making linear small signal predictions, the accuracy has not been satisfactory at frequencies above 18 GHz. The universal model to be developed under this program will account for all drive levels from small to large signal.


Model Verification and Validation


Once the universal model is developed, it will be verified against load pull measurements and used to predict the power performance of several power amplifiers. A critical test of any modelÕs validity is its ability to be easily used in circuit design software and to accurately predict PAE, Pout, Gain and Ids over frequency and input power. Development of the model will be closely tied to power amplifier design programs.


Most attention to date has been focused on developing a model capable of accurately predicting fundamental frequency single tone power, gain and efficiency under Class A and AB conditions. For many TR applications, accurate prediction of harmonic power and third order products is also important. A goal of this program will be to demonstrate a universal model capable of accurately predicting fundamental performance, harmonic power and IMD.


To fully demonstrate the modelÕs universality, we will measure and extract models for devices from other MAFET team members.


Large Signal FET and PHEMT Statistical Model Development


Variations in MMIC power amplifier large signal circuit performance due to process variation cannot be predicted or accounted for during initial circuit design and simulation without proper statistical large signal device models. Such models do not exist. Consequently, large signal yield prediction and design centering cannot be carried out, and the probability of first pass design success with acceptable yield is poor. The following series of MAFET modeling tasks, directed toward the establishment and utilization of such statistical large signal device models, is intended to solve this problem.


Methods for Utilizing Statistical Large Signal Models in Circuit Simulators


Prior to and in parallel with the collection of large signal model parameter measurement data, an investigation will be undertaken of the mechanics of incorporating a statistical large signal model into a harmonic balance circuit simulator and predicting variations in large signal performance due to process variations. When it is clearly understood how such a statistical model could (and could not) actually be used if it existed right now, the measurement and subsequent model extraction procedures can be properly concentrated on a limited set of large signal model parameters of practical importance.


Identification of Small and Large Signal Model ÒTypicalÓ of Process Together with Statistical Description of Process Variation


At present the models used for circuit design represent devices that are essentially randomly chosen from the distribution that exists for a particular process. Design should be based on a model that is known to represent the mean or average device for the process. The term Òtechnological meanÒ has been invoked to identify this typical device. Furthermore, some kind of statistical representation about the mean is required for proper design centering and yield optimization. This also is lacking at the present time. These deficiencies arise partly from the present very limited model database. However, even when the planned number of equivalent circuit models, both small and large signal, have been extracted for a given process, it is not at all obvious how to choose the technological mean and how to usefully incorporate process variations in a statistical representation. This task will seek to establish a methodology for defining the technological mean device and properly incorporating the statistics before the related task of gathering a large volume of model data is significantly underway. By performing this work up-front the gathering of much superfluous data and possible exclusion of other important parameters may be avoided.


Suggested approaches will include:


Detailed examination of the existing model database and comparison with the in�process database of DC and Y parameter extracted intrinsic equivalent circuit elements;


Small and large signal model extractions for devices known, from in-process measurements, to cover the full range characteristic of the process (that is, models will be extracted for devices deliberately chosen near the limits of the process window as well as for ones near the middle);


Device rather than circuit level simulations of various large signal performance attributes for models covering the range of the process (by eliminating passive circuit effects the direct influence of process variations can be established thus identifying the elements that need to be properly defined statistically.


Comprehensive Pulsed I-V, S Parameter and DC Measurements Needed for Small and Large Signal Model Extraction


A program to perform small and large signal modeling on a routine on-going basis for all active ADC production and developmental processes is currently in its start-up phase under internal Raytheon funding. This program seeks to automate on-wafer small signal S parameter and pulsed I-V measurements together with various DC evaluations to enable models to be extracted rapidly and routinely with a minimum of engineering supervision. The aim is to develop a comprehensive continuously updated database for easy access by in-house and foundry customers. Under MAFET this program will be extended to include the improved processes being developed under Thrust 2 and will incorporate, as they are introduced, enhanced model formulations that will become available as a result of other MAFET modeling tasks. 


Development of Simplified In-process Measurements for Determining Primary Large Signal Model Parameter Means and Standard Deviations


It may not prove practical to perform the comprehensive measurements needed for large signal model extraction on a sufficiently large number of devices to provide reliable statistics quantifying process variation. Consequently, a set of simplified in-process measurements will be developed that will supplement the more comprehensive post-process measurements and will provide process mean values and standard deviations for those particular large signal model parameters identified as being of primary importance.


Improved, Automated Large Signal Model Extraction Algorithm


To extract large signal models for statistically significant numbers of devices for each of ADCs present processes as well as improved processes to be developed under Thrust 2, present large signal model extraction software will have to be enhanced to allow automated batch mode operation with minimal user interaction.


Large Signal Model Parameter Scaling with Device Periphery


Since statistical large signal models will, under the best of circumstances, only exist for a few different device peripheries, reliable scaling algorithms will be required to allow circuit designers to convert the existing models to any desired periphery.


Physics-Based or Technological Model Relating Device Characteristics to Material, Geometric and Process Parameters


This task will examine the effect of internal device structure on the equivalent circuit models and thereby on device performance by applying one of the following physics based simulators, SEMICAD(, BLAZE( or PISCES II to existing processes and improved processes developed under MAFET Thrust 2. This will seek to establish in a very direct way the connection between material, geometric and process parameters and device equivalent circuit models. This information can be used to help define the technological mean device and the associated statistical model representation of process variations.


6.4.1.2  Milestone Descriptions


Major Program Milestones Supported


The following milestones have been set forth by the Statement of Work and will be supported by the Raytheon modeling efforts.


Demonstrate model accuracy enhancements (milestone 6)


Demonstrate automated extraction techniques (milestone 12)


Raytheon Internal Milestones


Table 6-7 lists RaytheonÕs internal milestones in support of the program level effort.


table 6-7.  Raytheon’s internal program milestones


�
Large Signal PHEMT Model Enhancement�
�
�
1a�
Establish baseline performance of existing large signal PHEMT models (single tone)�
8 months ARO�
�
1b�
Establish baseline performance of existing large signal PHEMT models (two tone)�
12 months ARO�
�
2�
Develop improved large signal model�
24 months ARO�
�
3�
Feed structure and unit gate width dependent small signal model�
36 months ARO�
�
4�
Feed structure and unit gate width dependent large signal model�
36 months ARO�
�
�
Large Signal FET and PHEMT Statistical Model Development�
�
�
5�
Establish a methodology for extracting statistical small signal models from a large model database. This involves developing a method to identify the Òprocess typicalÓ or Òtechnological meanÓ device model with associated statistics to represent the impact of process variations on device performance in a circuit environment�
14 months ARO�
�
6�
Establish a similar methodology for extracting statistical large signal models�
20 months ARO�
�
7�
Collect and extract accurate small and large signal models, using existing formulations, from a large sample of FET and PHEMT devices to establish a continuously updated model database for each of the production processes. This database will include models over a range of quiescent bias points at a number of operating temperatures for a variety of device geometries�
32 months ARO�
�
8�
Extract statistical small and large signal models from the established model database�
32 months ARO�
�
9�
Incorporate statistical models into design CAD tools�
36 months ARO�
�



6.4.1.3  List of Attributes at Time of Demonstrations


A detailed list of attributes for each of the improved models to be developed will be distributed for review and approval by the MAFET team members.


6.4.1.4  Risk Assessment/Management Plan


Since the tasks rely heavily on presently existing modeling procedures, with appropriate enhancements and refinements, risk is low. The success of the overall modeling task can be weighed against new measurements using the previous results as a baseline. The associated risk will be low, since the enhancement techniques will be available for review at each of the 12-month demonstration periods and a modified approach will be adopted if necessary.


6.4.1.5  Validation Plan


The enhanced models developed under the program will be validated by implementing them in conjunction with ongoing power amplifier design programs. This can be achieved both in measurements and by inclusion in circuit simulation software to predict the critical amplifier performance characteristics. It is also planned to validate the models using devices provided by other MAFET team members.


6.4.1.6  Staffing


Table 6-8 lists the Raytheon personnel along with the percentage of their time to be devoted to the modeling task.


table 6-8.  raytheon personnel


Personnel�
Task�
Time (%)�
�
Raghu Mallavarpu�
Model Development�
60�
�
Doug Teeter�
Model Development�
50�
�
Dick Healy�
Model Development�
40�
�
Paul White�
Model Development�
40�
�
Aryeh Platzker�
Technical Consultant�
10�
�



6.4.1.7  Detailed GANTT Chart


Figure 6-7 is a detailed schedule for the Raytheon modeling task.


�


Figure 6-7.  Raytheon Modeling Task Schedule


6.4.2	Hughes Approach


Goals:


Results:


Milestones Supported:





6.4.2.1  Detailed Description of Approach


Hughes' tasks in modeling, library and modeling tools will consist of the following:


Device Modeling


Efficient power generation and amplification at microwave and millimeter-wave depend on the accurate modeling of active devices with a very large periphery. The interstage matching network usually becomes very complex and large if the large periphery device is not prematched with the inductance element in the immediate vicinity of the active device. With the prematched device, the interstage matching network becomes simpler and the overall chip size per function can be significantly reduced. This permits a greater number of die per wafer, leading to lower cost per die. However, a rigorous model has not yet been found for the prematched device that would enable nonlinear simulation in a very robust manner without problems in convergence when used with the circuit simulator. 


There are two main obstacles preventing the realization of a nonlinear prematched device model. The first obstacle stems from the physical connection points of the prematch networks; the prematched networks connect to both ends of gate metal as opposed to a signal feeding point at the center. The other impediment relates to the phase variation (slow wave effect) along the gate metal. To accurately model a prematched device, the representation has to be able to characterize the signal delay from the center of gate to both ends of the device that connects to the prematch networks.


The objective of this active device modeling task is to develop an accurate device model for high power amplifier applications requiring high power-added efficiency, excellent third order intermodulation products, and very good linearity. The modeling effort will be based initially on Hughes GAO power MESFET device and then extended to power PHEMT device. Possible approaches in the realization of a prematched active device model are:


A two-pronged approach using both EM simulation tools and physics-based device generators. With the proposed speed improvements (100 times), the next generation EM structure simulators can be used to accurately characterized the distributed behavior of the extrinsic portion, or feed network, of the prematched device. Active physics-based model generators can be used to develop behavior representations of the intrinsic region of the active device


A second approach would employ the use of new nonlinear Òblack boxÓ generators such as VIOMAP (Volterra Input-Output MAP). Using presently available test data at the prematched device level, a nonlinear behavioral model can be generated using VIOMAP. This black box table model can then be used in circuit simulators to accurately predict nonlinear phenomena.


Hughes has adopted the multiple-supplier approach and has been successful in achieving design translation among GaAs foundries, including ITT GTC and M/A-COM. The resulting model will be made available to both ITT and M/A-COM, and to the microwave community in general.


Passive Circuit Modeling


Hughes' circuit modeling will include circuit elements both in monolithic integrated circuit and in multiple chip module levels.


In particular, Hughes is a pioneer in the development of GaAs flip chip MMICs for active array transmit/receive module applications. The implementation of flip chip MMIC technology over conventional MMIC technology offers many advantages such as the elimination of wafer thinning, via hole etching, and backside metallization. To achieve MMICs in the flip chip configuration, it is necessary to use the coplanar waveguide (CPW) transmission media. The use of CPW transmission lines allows the circuit designer increased design flexibility since critical circuit parameters become independent of substrate thickness. Therefore, in theory an infinite number of different line geometries with the same line impedance are possible. Low dispersion and radiation characteristics in comparison to microstrip lines are additional key advantages of using CPW transmission lines. Hence, more dense and compact circuit layouts are realizable.


The state of the art in the modeling of CPW circuit elements is still in its infancy. Accurate modeling of CPW elements is critically needed for obtaining improved performance in small signal applications, and also for designing high power flip chip amplifiers where obtaining proper device loading conditions for power and efficiency is crucial. Models for CPW discontinuities arising from circuit layout reduction is also a must if first pass design success is to be achieved. Unfortunately, progress in the development of CPW circuit element models has lagged that of its microstrip counterpart. One major reason for a lack of CPW component models is that commercially available electromagnetic (EM) structure simulators are not efficient in analyzing such structures. Approximations, such as infinitesimally thin conductors and large mesh- subsectioning of metallization can degrade model accuracy. Because of intense computational time, only simple structures are efficiently solved. However, with the proposed improvements to commercially available electromagnetic simulation tools, along with the advancements in computing hardware, a complete and accurate CAD-oriented CPW element library can be realized.


It is the objective of this modeling task to assess the ability of the next generation EM structure simulators in relation to characterizing CPW circuit applications. Possible approaches in the assessment process are:


Characterization of the Òbasic CPW transmission line structuresÓ (transmission lines, coupled lines, meander lines, etc.)


Characterization of Òsimple CPW discontinuitiesÓ (bends, junctions such as the tee and cross, air bridges, etc.)


Characterization of Òlumped CPW elementsÓ (inductor spirals, interdigitated capacitors, etc.)


Library generation and reusability of (a.)-(c.) in a circuit simulator such as HP-EEsof. Efficient element generation would be made possible through the use of proposed passive model generators.


Analysis of Òcomplete matching networksÓ


In conjunction with internal Hughes IR&D, validation (a.)-(c.) and (e.) through the measurement of test coupons. The fabrication and test resources of Hughes-GAO and the manufacturability resources of HE Microwave will be used.


Hughes has also been applying the latest CAD tools in the modeling of active array T/R modules with multilayer substrates. Modeling of several RF transitions found in the T/R module using present day 3D arbitrary electromagnetic structure simulators has provided a very good foundation for the initial design of various T/R modules, many of which are compact in size to meet the required array lattice spacing. However, it is highly desirable to develop a parameterized model that accurately characterizes a T/R module element. This parametric model can then be efficiently tailored for designing a new module, requiring less design cycle time. 


The objective of this task is to accurately characterize, over a broad frequency spectrum, the frequently-used transition elements of T/R module element, making these flexible models reusable for anticipated future applications. The approach would include the use of the advancements made in EM simulation engines, along with the possible use of HP-EEsofÕs Passive Model Generator.


Nonlinear Modeling 


Nonlinear modeling of active devices often depends on the use of load pull technique that takes a significant amount of engineering time and effort. It is the objective of this subtask to seek an alternative of load pull technique by applying the Volterra input and output map (VIOMAP) approach proposed by HP EEsof. We will first assess the tradeoff between the load pull and VIOMAP, evaluate the basic capability of VIOMAP, and apply the VIOMAP to the modeling of nonlinear active devices.


Modeling Tools


This task is a 1995 Hughes IR&D project entitled "MIC Modeling, Tools and Processes", that is proposed to be a part of our cost-share effort. The objective of this project is to identify, evaluate, and validate promising new 3D EM analysis software that can analyze and simulate the performance of high density, multichip T/R modules and assemblies. Our approach to achieving this objective is to: 


Select two important MCA circuit structures as simulation vehicles 


Identify and quantify evaluation criteria 


Use JPL FDTD code to simulate EM performance


Fabricate and test circuit structures


Reduce data and compare simulation with measured performance to validate code


Document project methodology, results, and conclusions.


The initial result of this effort has indicated that the FDTD simulation reveals "sharp" package resonances that FEM simulation can easily miss.


6.4.2.2  Milestone Descriptions


Major Milestones


Hughes' effort will be focused on supporting the consortium program goals and payable milestones established under the agreement. This includes providing input for requirements, participating in the benchmarking task, sharing the results of the overall Hughes' tasks, including the cost-share effort with the consortium members and government sponsors, supporting the design environment and tool development effort, and participating in the direction and management of the program via the CMC. 


Internal Milestones


Our first-draft plan in the area of modeling, library and modeling tools has identified the milestones are shown in Table 6-9.


table 6-9.  Hughes modeling milestones


Update of Hughes Plan�
2 months ARO�
�
Baseline Report�
3 months ARO�
�
Model Library Update #1�
12 months ARO�
�
Model Library Update #2�
24 months ARO�
�
Model Library Update #3�
36 months ARO�
�



It is our plan to refine this milestones list when more inputs from the consortium members are available.


6.4.2.3  List of Attributes at Time of Demonstrations


Detailed list of attributes for Hughes modeling vehicles will be presented and distributed before the proposed modeling tasks are approved for go-ahead.


6.4.2.4  Risk Assessment/Management Plan


It is our belief that the risk associated with the Hughes' tasks in terms of performance and cost overrun are very low.


6.4.2.5  Validation Plan


It is our plan to validate the models of device and circuit elements performed under this task by working in conjunction with other participating programs within Hughes. Planning on such a joint effort will require frequent communication with interested organizations within Hughes. It is our intent to involve as many people as possible to promote the use of the new and enhanced tools available from this program. There is no funding allocated for sponsoring any independent fabrication of device or circuit elements for the purpose of validating their models.


6.4.2.6  Staffing


Table 6-10 is a listing of the Hughes’ personnel and the percentage of their time to be devoted to the modeling task.


table 6-10.  hughes’ personnel


Key Personnel�
Task/Organization/Percentage of Time�
�
Dr. Robert Wang�
High Power Prematch Device Modeling


Hughes GaAs Operations


Estimated Percentage of Time: 10 percent�
�
¥Dr. C.P.Wen�
CPW modeling consultation


Hughes GaAs Operations


Estimated Percentage of Time: TBD�
�
¥Dr. Tom Kihm�
FDTD modeling (Hughes Cost Share)


Hughes Radar & Communications


Percentage of Time: ~50 percent (1995 only)�
�
¥Mr. D.Walworth�
MCA Circuit Modeling & Module Tool Validation


Hughes Radar & Communications


Percentage of Time: 25 percent�
�
¥Mr. D.Tonomura�
CPW circuit modeling & MMIC Tool Validation


Hughes Radar & Communications


Percentage of Time: 25 percent�
�
¥Mr. Paul Chan�
Nonlinear Modeling with VIOMAP


Hughes Radar & Communications


Percentage of Time: 10 percent�
�
¥Dr. W.E.Stanchina�
Mixed-Mode IC modeling & Tool Validation 


Hughes Research Lab


Percentage of Time: TBD�
�
¥Dr. Mike Delaney�
InP Device Modeling Consultation


Hughes Space and Communications


Percentage of Time: TBD�
�



6.4.2.7  Detailed Plan 


Figure 6-8 is a detailed schedule of the Hughes’ modeling task.


�


�


Figure 6-8.  Modeling Task Schedule


6.4.3	TI Approach


Goals:


Results:


Milestones Supported:





6.4.3.1  Detailed Description of Approach


Current MCA level simulation methods are often crude (simple spreadsheets), incomplete and inaccurate. The problem is sometimes due to deficiencies in the simulation engines, but is often due to the lack of adequate models. Behavioral models that support MCA level simulation can be categorized into two major areas:


Parameterized models that describe a functional block whose characteristics are controlled using the parameters provided.


Measurement based models that allow measured results (linear and nonlinear) to be incorporated back into a simulation.


Both model types are equally important and are often required. Parameterized models are required for architectural studies and for supporting and evaluating performance partitioning. They allow "system" level performance analysis prior to identification of specific parts. Measurement based models support the incorporation of measurement results back into the simulator. This allows the effects of real parts to be simulated as well as supporting libraries of existing standard parts. Good behavioral level models should include the following characteristics:


Comprehensive – The models must incorporate all characteristics that are important to the "system" performance. This includes linear, nonlinear RF characteristics as well as DC bias and modulation effects.


Accuracy – The models must be sufficiently accurate to predict the required performance characteristics.


Efficiency – The models must provide significant performance gains over full circuit models to support analysis of larger problems as well as statistical variations.


Parameterization – The definitions of the parameters must be appropriate to the level of abstraction of the model. They should be representative of the characteristics that are used to describe the device being modeled. For example, an amplifier is normally described in terms of gain, compression point and noise figure, not in terms of gm and the sizes of the device cells upon which the amplifier is based.


Generation/Extraction Procedures – Measurement based models usually require a procedure to convert the measured results into a form compatible with the simulator. This could be a simple formatting issue associated with a table based model, or it could involve extensive optimizations to fit an analytical response to the measured data. In either case the procedure should be as simple and efficient as possible.


Statistical Analysis Support – The models should incorporate the ability to include performance variations. In addition the correlation between parameters associated with the models should be preserved.


TI will address the behavioral model problem through the development of MCA level models. The applications for which models will be developed include T/R modules, EW receiver modules, and other DoD applications defined during the requirements phase. Both parameterized and measurement based models will be developed. Development of parameterized models will include:


Generation and prioritization of a list of behavioral models that need to be developed. This list will be generated accomplished as part of the MAFET requirements document definition. This will allow all companies to participate in defining the required model functionality.


Definition of the parameterization of the models. This will also be defined as part of the requirements document for this task.


Formulation of the model structure to support the required functionality.


Definition of any model generation and/or extraction procedures.


Validation and documentation of all models developed.


6.4.3.2  Milestone Descriptions


Major Program Milestones Supported


Model Accuracy Enhancements (milestone 6)


TI Internal Milestones


Prioritized List of Required Models


Model Parameterization Defined


Model Formulation Defined (3 phases)


Model Validation Completed (3 phases)


Model Documentation and Distribution (3 phases)


6.4.3.3  List of Attributes at Time of Demonstrations


The specific attributes available for demonstration will be defined during the requirements phase at which point the list of models and associated parameters will be defined. The capabilities available to be demonstrated after the completion of each development phase will be defined at the beginning of each development phase when the models to be developed are selected. The phase 1 model development will address the highest priority models that will be available to support the accuracy enhancements demonstration associated with milestone 6.


6.4.3.4  Risk Assessment/Management Plan


The model development will be broken into three phases. The models to be developed in each phase will be based on the prioritized list defined in the requirements document. Multiple models will be developed in each phase with overlapping schedules, thus providing a more fine grained measure of progress. If the effort to create a particular model is determined to be excessive or impractical, the model requirements may be re-evaluated by the requirements team or the effort terminated and replaced by another model from the prioritized list.


6.4.3.5  Validation Plan


The procedure used to validate the models will depend on the type of model being generated. For generic, parameterized models the model will be used under the range of conditions applicable to the model and the results will be compared to the expected performance. For measurement based models the simulated results will be compared to original measured data upon which the model was based. The accuracy will be determined and documented over the specified operating range. At least some of the models will be executed on multiple simulators (based on the capabilities of the simulators and the compatibility with the MAFET derived neutral model format) to verify portability of the models.


6.4.3.6  Staffing


Table 6-11 lists the Texas Instruments personnel and the percentage of their time to be devoted to the modeling task.


table 6-11. Texas Instruments Personnel


Personnel�
Duties�
Involvement (%)�
�
Gordon Scott�
Technical Direction & Model Development�
30�
�
Tom Ashour�
Model Development & Verification�
30�
�
Melanie Jurgovan�
Model Development & Verification�
30�
�



6.4.3.7  Detailed GANTT Chart


Figure 6-9 is a detailed schedule of the Texas Instruments milestones.
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Figure 6-9.  Texas Instruments Modeling Task Schedule


6.4.4	TRW Approach


Goals:


Results:


Milestones Supported:





6.4.4.1  Technical Approach


TRW will support the model development through a comprehensive model validation process. This validation process will greatly improve the model accuracy and hence reduce the number of design iterations. As a major supplier of mmW MMICs and MCAs, we will focus our modeling effort in developing accurate model generation tools and models in the millimeter wave frequencies. Our specific approaches for each area are:


Model Generation and Accuracy Enhancement


TRW is continuing to develop an advanced automated modeling system to support the development of RF device models from test data in the database. The system uses a client server approach to carry out a loosely coupled parallel processing architecture. This approach uses a completely automated client/server modeling system that can use all the workstations in a network to reduce data. The workstations work in parallel to reduce the data provided by the data server into models giving a computational capability limited only by the number of available workstations. When a client is finished modeling a set of data a request is made to the data server to load the resulting model back into the database. This completes the process. The client then requests another set of data to model and this process continues until all the datasets have been modeled.


There are two parts to the system. The first part is a server process that is responsible for all communications with the Database Management System (DBMS). The second part is a modeling client process that communicates with an RF simulator to produce the actual models. The client and server processes communicate by making Remote Procedure Calls (RPC) over a standard Ethernet local area network. The server process continuously runs on the same machine as the DBMS providing direct access for getting model data and loading completed models. The Unix clock daemon starts modeling processes.


The automated modeling system can provide linear as well as nonlinear MESFET, HEMT and HBT models. Approximately 20,000 models for HEMT, MESFET and HBT have been produced using this system. The database provides the average and the standard deviation for all the device parameters. During 1995 and 1996, the focus is on improving the accuracy of models at millimeter-wave frequencies.


MMIC Design Reuse


TRW is also continuing to develop a method by which MMIC design information can be freely and easily communicated between RF circuit designers. At present, the design reuse is group dynamic. It increases with increasing knowledge and confidence in the RF design. 


The knowledge of design increases via standard formats, standard documentation. The confidence increases with complete documentation, that is, all pertinent information received for the design, use of proper design techniques, and information that allows physical results to be searched for. The new approach that is being implemented uses these concepts to encourage design reuse between RF designers as well as self reuse.


Cost Effective Millimeter Wave Interconnect and Packaging


TRW is developing cost effective microwave and millimeter-wave packaging, with primary emphasis on military and space applications. The focus is on packaging techniques that are suitable for low cost automated assembly. The areas being explored are the hermetic ceramic and cast packages for lower cost and use of thin film MIC process with air-bridge/TFC/vias on single and mutilayer ceramic substrates to interconnects. 


Model Validation


With new models generated by CAE companies, we will first identify appropriate existing devices, subcircuits, MMICs or modules that can be used to evaluate the model accuracy. We will then apply these model to the existing devices or circuits for a simulated performance. This performance will then be compared with the measured data to determine the accuracy of the model. If the measurement data is not available for a specific model, we will perform certain test to collect data for comparison. If the device or circuit is not available, we will fabricate necessary devices and circuits and test them to collect data. This data will in turn be used in the model evaluation. Specifically, we will validate the following models:


0.15-µm GaAs HEMT devices at 94 GHz - small signal, nonlinear, noise figure and noise parameters.


3-µm GaAs HBT devices at 35 GHz - small signal, nonlinear and phase noise.


Passive elements from 44 to 94 GHz.


Model Generation Tools


We will use our existing database of measured GaAs HEMT and HBT device and passive elements to perform the tool verification. We will first regenerate a device model or passive element model using the new model generation procedure or tool. The result will then be compared to our known models. The accuracy and cycle time will then be recorded.


The schedule of the modeling activities will be in-line with the benchmarking of the MDE 0, 1 and 2 release. Therefore, these activities will also support the key MDE benchmarking milestones.


6.4.4.2  Key Personnel


Mr. Kevin Hubbard – He will conduct most of the hands-on verification of device modeling and tool evaluation. He is also an experience MMIC and MCA designer. He will spend 25 percent of his time in supporting this task.


Dr. Arvin Sharma – He will be responsible for the passive element model verification. As a responsible engineer in maintaining our standard models, he will also be responsible in reporting all the evaluation results. He will spend 25 percent of his time in supporting this task.


6.4.4.3  Schedule


Figure 6-10 is a summary of TRW model development schedule.
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Figure 6-10.  TRW Modeling Task Schedule





6.4.5	University of Massachusetts at Amherst Approach - Models of Radiation and Related Effects in MCAs


Goals:  To develop a tractable model of the radiation from and coupling between packaged MMICs


Results:  Radiation and coupling algorithms for popular package configurations





6.4.5.1  Detailed Description of Approach 


The approach is to develop usable techniques for CAE of packaged MMICs. To be usable there must be some simplification of the problem to make it tractable for the MAFET Design Environment to compute the over-all behavior of a system in a reasonable amount of time.


It is assumed that a CAE system will not be calling on something like a detailed finite element analysis while computing a front end system performance; however, the general characteristics of a particular package could be precomputed with such analysis routine if needed. Second, it is assumed that the currents within a package will not be drastically perturbed by the proximity of a nearby package. Furthermore, it is assumed that the gross behavior of the current within the package are not greatly perturbed by the fact that they are radiating. A baseline assumption is that the fields at one structure due to second structure depend on vector analyses (moments) of the currents within the second structure. This is not an unreasonable assumption; although, each package MMIC could, at high frequencies, be a wavelength or two in extent and thus might require several moments for accuracy. The use of current moments is required for any reasonable approach to this problem. Umass has noticed the possibility of using moments to good advantage as a result of some of previous work in this area.


The first step will be to develop radiation and coupling expressions for collections of currents on a uniform plane. See, for example, Figure 6-11 without the rectangular boxes covering the MMIC currents. This should be easy enough to accomplish within the first year and thus yield some results for the first MAFET demonstration. It will serve to test out the proposed current averaging approach. A related problem would be the case where a uniform planar layer covers the MMIC and interconnect circuitry. Next, to be addressed is the case where a non uniform dielectric covers the MMIC as illustrated conceptually in Figure 6-12. This would be the case when an MMIC is enclosed in a ceramic package or some type of plastic package. Developing an CAE friendly approach to this problem is the most challenging part of this program. A finite element package (such as HFSS) will be used to examine several case studies for currents radiating beneath irregular dielectrics of size appropriate to typical package problems. Existing FEM or FTDT packages will be utilized wherever possible since the goal is not to write new detailed codes, but to write algorithms that are easily usable in MAFET CAE development. Observation of the HFSS (or Sonnet) case studies, we will be used to determine which approximations are reasonable to make for determining (a) radiation less and (b) coupling to circuits covered by other dielectrics. The challenge is not to determine the coupling fields exactly, but to determine simple generally applicable algorithms for approximately determining the coupling. The possibility that the MAFET CAE system will need to call upon some type of numerical engine is not ruled out, but that is not the most desirable option. As the program progresses the = coupling and radiation models will be upgraded to improve their accuracy and diversity of package structures that can be considered. Determining which package (flip chip for example) will be considered will be done in consultation with the MAFET CAE team members. Furthermore, packaging structures for millimeter wave system are in a state of flux and it is not possible at this time to know exactly what the characteristics of future structures will be. 


�


Figure 6-11.  Illustration of Low-Cost Ceramic Package


�


Figure 6-12.  Illustration of Currents on MMIC Covered by Regular Dielectrics


6.4.5.2  Milestone Descriptions


6 MAC – Radiation and coupling algorithm, simple circuits, uniform packaging structure.


12 MAC – Radiation and coupling algorithm, advanced circuits, uniform packaging structure


18 MAC – Radiation and coupling algorithm, simple circuits, block dielectric coverings


24 MAC – Radiation and coupling algorithm, advanced circuits, irregular packaging structure.


30 MAC – Radiation and coupling algorithm, higher frequencies, uncovered packages


36 MAC – Radiation and coupling algorithm in multilayer packages or flip chip mounting or coplanar motherboards, advanced package


6.4.5.3  List of Attributes of Each Release


N/A – Not a CAD product – University research. 


6.4.5.4  Staffing


The principal investigator will be Professor Robert W. Jackson. He has been a member of the Microwave Electronics faculty at the University of Massachusetts for over 12 years. During that time he has published over 30 articles the majority of which relate to the MMIC electromagnetics. He has developed a graduate course in active microwave circuit design (MMIC emphasis) that is regularly taught to students nationwide via the NTU system. He has supervised the Master's and Ph.D level theses in CAD electromagnetics and novel active circuits. 


Professor Jackson will be aided by a TBD graduate student.


6.4.5.5  Detailed GANTT Charts 


Figure 6-13 is a detailed schedule of the UMass modeling task.
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Figure 6-13.  University of Massachusetts at Amherst Modeling Task Schedule


6.5	Implement Portable Common Libraries and Libraries for an Example�	MMIC and MCA Foundry


It is recognized that there is an industry requirement to implement a library for an example MMIC and MCA foundry to demonstrate the procedure for such an activity and to provide a test site for the various electronic connection tests that involve foundry libraries, simulation tools and design environments.


Effort will be expended to develop the standards needed to populate portable MMIC and MCA libraries. The MDE Consortium will not populate these libraries. However, it is expected that MMIC and MCA foundries will populate them when market demands increase. A partial library population could also be completed as part of a Thrust 3 demonstration.


No specific efforts are required under this task.


6.6	Model and Modeling Tools Demonstration


Efforts for model and model tool demonstration are included in the efforts described in Sections 6.1 through 6.4 of this document.
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