2.0	Process development, user requirements, benchmarking


Goal:  To ensure requirements and process reflect the user-driven goal of 3X cost/cycle-time reduction and to provide a means to measure progress toward achievement of this goal.





Result:   Requirements Specification Document, a Benchmarking Plan and benchmarking results at three points in program timeline, and a process which will incorporate the MAFET developments and relate them to the overall cost/cycle-time goals. 





Milestones Supported: Milestones 1 through 3 and 5 through 13.   (SOW sections 2.2.1 through 2.2.4, 2.3.1 through 2.3.3, and 2.4.1 through 2.4.7.) (Ref. Appendix A) 





	The “User” Companies (Hughes, Raytheon, TI, TRW), along with other user company subcontractors, will be the primary drivers for process development (and deployment), requirements, and benchmarking.   


 


	We will leverage the 2+ years of IPPD (Integrated Product/Process Develpment) work done at TI to help us define a process model with associated cost/cycle-time model.  This will enable us to extrapolate from the benchmark data will be collecting and estimate impact upon overall design cycle-time.





	Through a process involving all companies in the consortium, plus key subcontractors, we will produce a requirements document which address the shortfalls of our design process and relates them to the specific tool developments being undertaken by the program.





	Benchmarking, i.e., testing and recording capabilities and performance of the tools,at three different points in the program timeline, will provide a means to measure progress toward improvments in the tools.   Together with the process models, we will be able to relate these to our overall cost/cycle-time reduction goals for the design process.	Figure 2.1 shows the overall schedule for these activities.





�





Figure 2-1.  Overall Schedule for Process Development, User Requirements, and Benchmarking








2.1	Develop and Update Detailed Program Plan





Goal:  To provide a management tool for ARPA/Tri-Services and the CMC to use throughout the program.





Result:  A detailed Program Plan document which will be used to manage the program.





Milestones:  Milestone 1, 6, 10.  (Ref SOW 2.1 and Appendix A).  May also be revised at other points in program as deemed necessary by ARPA/CMC to align the program with lessons learned during development, benchmarking, and workshop activities.





A detailed program plan (this document) will be developed and revised periodically.  Please refer to section 8.4.   Section 8 provides an overall description of the program management.





2.2	MAFET IPPD Process Investigations





Goal:  To provide a process into which MAFET-developed tools will be integrated to achieve the overall goal of 3X cycle-time reduction.  





Result:  Documented current baseline process, with cost/cycle-time model.  Recommend and new process which will include usage of the MAFET-developed tools and will be deployable within the MAFET Consortium and others in the industry.  Process improvements will be deployed and measured along the way.





Milestones Supported:  2, 5, 9, 13.  (Ref SOW sections 2.2.1 through 2.2.4 and Appendix A)








2.2.1 Detailed Description of Approach








AIGC - Process Definition (Current Process)





Goal:  Document current design practices as a baseline process.  Create cost/cycle-time model which can be used to estimate overall process impact of the MAFET developments.





Result:  A document containing current process flows/descriptions and a spreadsheet-based cost/cycle-time model with metrics.





Major Milestones Supported:


Milestone 2 (SOW 2.2.1): 	Document current design practices.  Develop cost/cycle-time model and collect metrics.





Internal Milestones:


Initial process/cost/cycle-time model approach (for team review) - Mid December, 95








Description:





The current design practices will be documented. A design cycle time and cost model will be developed and metrics collected to quantify current performance of MMIC/MCA design processes (milestone 2). The model will provide a quantitative means of determining the effect of MDE improvements and will help focus requirements in key cycle-time/cost improvement areas.  


	TI has the lead for this activity.   We will use the results of ongoing TI process investigations to form the basis, with review by the other user companies to ensure generality.  Our current processes are similar, but are encumbered by lack of integration, manual translation steps, and inadequate analysis capability.    Somewhat different tools are used at each company for the steps in the process and the level of integration varies from company to company.





	We will produce a report which describes the current process for both MCA and MMIC design.  This will contain process flowcharts along with Task Narratives which describe each step in the flow, including inputs and outputs for each process block.   We will also produce a spreadsheet-based cost/cycle-time model for the flow.  Some process steps require iterative tool execution, such as useage of a circuit or EM simulator.  For these, the  model will contain factors which will allow entry of the estimated time of execution of the tools and the number of times a tool is executed within a process block.   Figure 2-2 illustrates this.





�





Figure 2-2.  Example of Cost/Cycle-Time Model Computations (for Iterative Processes)








For other process blocks which are not iteritive, we will simply include a time/cost factor.   The entire design flow will be represented, including those process steps which MAFET Thrust I does not directly address (e.g. fabrication and test).  These will be included at a “course granularity” so the model will be complete for the overall design-fab-test cycle.  A multiplyer will be estimated for how many times the overall design cycle is executed.  This factor will be an estimator which depends upon the accuracy and feature coverage of the tools.   The better the tools, the lower the probability of multiple passes through the entire cycle.





Benchmarking results will be extrapolated to provide the numbers to plug into the cost/cycle-time model.   This extrapolation will require estimates of how the specific test cases relate to the process blocks in the design flow.








AIGC - Process Definition (MAFET Recommended Design Process)





Goal:  To provide an improved design process which takes advantage of the MAFET design tool improvements to achieve the goal of 3X design cycle-time reduction.





Result:  A document containing recommendedt process flows.  Deployment of the improved process and metrics collected.  Updates to the cost and cycle-time models.





Major Milestones Supported:	


Milestone 5 (SOW 2.2.2):  	Recommended IPPD.	 Update cost/cycle-time model.


Milestone 9 (SOW 2.2.3):  	Update cost/cycle-time model.


Milestone 13 (SOW 2.2.4):  	Update cost/cycle-time model.





Internal Milestones:


First Draft Review of Recommended Process - Mid-May 96


2nd Draft Review of Recommended Process - Mid-Aug 96


Reviews twice per year to assess deployment/metrics - Mid-March and Mid-Sept


Initial Deployment of Interim MCA Layout Process Improvements - End of May 96


Final Deployment of Interim MCA Layout Process Improvement - Early Dec 96








We will continue to refine the Integrated Product/Process Development (IPPD) work that has been in development at TI for the past two years and we will deploy the process at TI. The TI process maps will be made available to the Consortium for refinement. 


TI has invested heavily in process development over the past two years. This effort is aligned with the MAFET cycle-time/cost goals and is tightly coupled with system level design process and maximizes the utility of the tools to be developed under MAFET. Lessons learned from this development activity heavily influenced the choice of SOW categories for our MAFET proposal. This process will result in designs that meet performance, manufacturability, reliability, and cost objectives.


The design cycle time/cost model developed as described above will be periodically updated. This model will be used to roll up individual benchmark results to estimate progress towards the overall program cost and cycle time reduction goals.


Texas Instruments will lead the effort by providing to the Consortium a recommended process for review, comment, and expansion by the MDE Consortium companies, key subcontractors, and others.   Based upon this feedback, we will update and refine the process for a first release at Milestone 5.  Updates are also planned at Milestones 9 and 13, based upon what we learn from benchmarking, workshops, and general evaluation of the new tools.  The cost/cycle-time model will also be updated at key points in the program based upon development of the new IPPD and feedback from MDE release evaluations and MDE Workshop feedback.


It is anticipated that the design flowchart itself will not look radically different in the new recommended process vs the current process. The real process improvements will come by reducing or eliminating the translation steps, improving the cycle-times of the tools used to execute the process steps, and elimination of multiple design passes by using much more accurate and complete tools and models to increase the quality of designs on the first pass.


Primary companies involved will be TI, TRW, Raytheon, and Hughes. Input from Lockheed, M/A Com, and others in the industry will also be solicited. After the initial draft, the models and processes will be reviewed by the Consortium and as many others in the industry as possible to provide a broad industry perspective on the design process. This will be done in two steps with two drafts.  The reviews will also allow the CAE companies to supply the tool perspective and to gain insight into the IPPD development to ensure that CAE tools and models being developed are well matched to the target design process.


Because of the process analysis/development work which has already been done over the past few years at TI, much of the expenditure will be to deploy the process within TI and to collect metrics data to provide measurable results. This will help provide a framework to support the benchmarking activities and identify further cycle-time improvement opportunities as we gain experience with the process.





AIGC - Interim Process Improvements at TI


In addition, TI will continue to make incremental improvements to our process by improving the tools (AutoCad) being used by its design community for MCA layout to implement as much of the process as possible as early as possible. Using commercially available “add-ons” to AutoCad, improved layout vs. schematic checks and libraries of microwave layout constructs and rudimentary Design Rule Checking will be made available to our designers early in the program (1996).   A measure of cycle-time improvement (estimated 2 to 3X in the layout portion of the design cycle) is expected near-term, as an interim solution until the major MDE tool improvements become available later in the program.  These improvements will be cost-effective in the short term by mimizing re-training of design engineers who are already AutoCad users.  Lessons learned from this interim solution will help drive requirements for the MDE especially in the layout and DRC areas.   TI plans to switch to the improved MDE tools as they become commercially available and re-train its design staff at that time.


	As part of its cost-share for MAFET, TI will develop an on-line foundry-services design guide which is browseable using “World-Wide-Web” type of browsers.    This is a step which will assist designers/users of the TI GaAs foundry to have an easily accessible set of information on foundry design considerations such as Design-for-Yield, Design for Cycle-Time, Design for Test and Assembly, etc.  The existing paper design guide will be scanned and made available by browser.   By making it available electronically, the version is much easier to control over the design engineering population and will help ensure they are working to the latest capability and information.	In addition, the design guide will be made available to other companies who use TI’s foundry and do their own in-house designs.   





	As another process improvement, TI is developing (some work already done in 1995) additional library elements to use within the HP EEsof Libra layout tool to shorten the design cycle for active devices and passive structures for MMIC design.   These library elements shorten the layout cycle-time for MMIC design by automating many of the drafting steps associated with MMIC layout.  The elements were created using the HP EEsof AEL language provided with the Libra tools.   Early results of this work have already been demonstrated to the HP development staff. 





	Results and examples of these improvements will be also shared with the Consortium and the industry at the MDE workshops.





2.2.2	Risk Assessment/Management Plan


	Experience over the past two years with regard to process documentation for MCA design has shown us the difficulty of representing the highly parallel, highly interactive proceess in a process chart (and its accompanying model).  While the steps are understood, the interaction between them and the degree to which they proceed in parallel are difficult to define and even more difficult to capture in a cost model. We do not expect the initial model to be completely accurate in terms of capturing these complex relationships.


	By involving a large number of users and by coordinating with the benchmarking activities, we expect to evolve methodologies of estimating and accounting for parallel step execution/interaction in the cost/cycle-time model.   Our initial model will provide a structure which we can continue to develop throughout the program and refine into a higher-fidelity representation.


	The TI process improvements mentioned above are low-risk because they are based upon commercially available tools  such as Mosaic, HP Eesof Libra, and CAD Design Services macros for AutoCad.  Also, work is already underway on implementing and deploying these improvements within TI.    Please note that the Foundry Services Guide being developed for Web-browser access may not be able to be placed “live” on the Internet, because of  potential U.S. export restrictions due to the details it contains about manufacturing technology for GaAs devices.  It can, however, be made available electronically to foundry customers on a non-export basis for internal deployment with appropriate access controls.


�
 2.2.3	Staffing


	Table 2-1 indicates our key staffing for these activities.


Table 2-1: IPPD (Process Development) Staffing


(Percentages based upon total time in 1st year)


Name�
MAFET Role�
% Time�
�
Melanie Jergovan - TI�
Process Definition�
25%�
�
Bill Davis - TI�
Cost Model/Process Metrics�
25%�
�
Dick Healy - Raytheon�
Process Definition�
5%�
�
 Louis Liu -TRW�
Process Definition�
5%�
�
Chente Chao - Hughes�
Process Definition�
5%�
�
TI Product Development Process Team (~10 people who are “process owners”)�
Process Deployment/Metrics Collection/Analysis�
20% each�
�
Gordon Scott - TI�
MCA Layout Process Improvement�
30%�
�
Mike Domalewski - TI�
MCA Layout Process Improvement�
60%�
�
Technician - TI�
MCA Layout Process Improvement�
60%�
�






�
2.2.4 Detailed Gantt Chart for IPPD


The key tasks are listed below and Figure 2-3 shows the schedule.


�


Figure 2�3.  IPPD Schedule








2.3	User Requirements Definition and Tool Specifications


Goal:  To define requirements necessary to achieve a 3X cost/cycle-time reduction in MCA development and the specific tasks that MAFET will address.





Result:   Requirements Specification Document that defines requirements for MAFET developments and relates them to the overall cost/cycle-time goals. 





Milestones Supported: Milestones 3, 6 and 10.   (SOW sections 2.3.1 through 2.3.3) 





AIAA, AIFA, AIGA, AIHA:  Detailed Requirements/Specification Development


User companies within the MDE Consortium will work with the EDA suppliers to define the detailed requirements for each of the primary tasks. The requirements will provide guidance and focus to the EDA design teams to ensure the most pressing user needs are satisfied. The requirements document will include a general use model, a detailed description of features and/or characteristics required, as well as the forecasted benefit of the enhanced capability provided by the task, and its support for the proposed IPPD process. In addition, the tasks will be linked to an overall market/business model to ensure the viability of the enhancements.


The first round of user requirements definition was completed during the proposal preparation. A set of high level tasks was identified that support the overall program objectives. These high level tasks have become the major task areas of this programmatic effort for the first 3 years (baseline years) of this program. However, adjustments to the objectives and priorities of these tasks will be made during this program, as better strategies are identified as a result of insight gained from the evaluations. Figure 2-4 shows the requirements definition schedule.





�


* These are comprised of tasks AIAA, AIFA, AIGA, AIHA


Figure 2�4.  Requirements Definition Schedule 


�
2.3.1	Complete Initial Detailed Requirements Document


The primary target applications to be addressed by this requirements document is DoD multichip assembly (MCA) development. Specific applications include: radar and EW systems that currently contain considerable MW/MMW MCA assemblies. In particular, commercial communication system applications will not be addressed since current market forces will provide sufficient direction and emphasis in this area.


The requirements will support the primary program objectives of a 3( reduction in MCA development cost and cycle time. In addition they will address all aspects of the development process including subprocesses (such as MMIC development) that directly impact the MCA level development.


The requirements document will be divided into two major areas. The first will contain the Sections 1 through 4 as defined below.


Introduction


Rational and Benefits


Process/Usage Model


User Level Needs (by task areas)


The intent of these sections is to document the decisions and rational resulting from the proposal and precontract activities. In addition they will serve as a link between the high level program objectives, the primary needs of the user community, and the detailed requirements for each defined program task. These sections will be generated by the user companies with inputs from the Consortium CAE partners as required. Early and continuous involvement of the CAE partners will ensure a match between user needs and CAE capabilities and will provide the insight needed by the CAE partners as they begin early development. 


The second major area of the requirements document will be the detailed requirements for each of the primary tasks identified during the proposal and precontract negotiations. Since these tasks define the primary activities and outputs of the program, a majority of the effort in generating the requirements document will be expended in these sections. This section of the document will be structured by company for each major task area. (For example Cadence OASIS under Design Environment.) The level of detail associated with these requirements shall be sufficiently detailed to minimize uncertainty and ambiguity between the expected and final output. They will also be quantitative enough to provide measurable improvements relative to the overall program objectives. The detailed requirements will be defined individually and specifically for each task to avoid excessive generalizations and the resulting potential for ambiguities.  Requirements will be developed jointly between the user companies and the individual CAE suppliers.


Leads and Assignments


Texas Instruments will be the lead for the coordination and generation of this requirements document. The definition of the document content will be provided by subteams consisting of representation of all of the companies involved. The Sections 1 through 4 containing the high level user needs will be developed by a team consisting of a representative from each of the user companies. This team will be responsible for collecting and collating all inputs and formatting them into a single set of high level requirements that represents all user companies. The detailed requirements section will be generated by multiple subteams. A subteam will be defined for each major company task consisting of members from at least two user companies and the CAE company responsible for the task. These subteams will be responsible for the generation of the detailed requirements for their assigned task. Table 2-2 shows the matrix of subteam assignments.  Table 2-3 lists the primary contacts for each MAFET company responsible for responsible for the requirements definition.  Additional people, as designated by these company leaders, may be used the requirements definition.


Once all inputs are collected, Texas Instruments will be responsible for consolidating them into a single document and distributing them to all members for review and comments. All comments will be returned to Texas Instruments who will then distribute them to the appropriate subteams for incorporation as necessary. Final inputs will from all subteams will be submitted to Texas Instruments who will be responsible for generation and release of the completed document.


Any disagreements associated with the generation or modification of the requirements document that cannot be resolved by the responsible team will be passed up to the MAFET consortium management team for final resolution.


Companies Involved


All companies associated with the MAFET Thrust 1 program will participate in the definition and review of the requirements document. In addition, subcontractors and other companies outside of the program will also be involved in providing inputs or reviewing all or parts of the document. The selection of these companies and their level of participation will be approved by the consortium management team.


�
Table 2-2.  Requirements SubTeam Assignments


Task�
Ansoft�
Cadence�
Compact�
HP-EEsof�
Hughes�
Raytheon�
Sonnet�
TI�
TRW�
�
OASIS�
X�
X�
X�
X�
�
X�
X�
�
X�
�
IFF�
X�
X�
X�
X�
�
X�
X�
�
X�
�
Allegro MW Enhancements�
�
X�
�
�
X�
X�
�
�
X�
�
Artist/Virtuoso Enhancements�
�
X�
�
�
X�
X�
�
�
X�
�
HP Design Environment Enhancements�
�
�
�
X�
�
X�
�
X�
�
�
Arbitrary Physical Extractor�
�
�
�
X�
�
X�
�
X�
�
�
Link to Pro-Engineer�
�
�
�
X�
X�
�
�
�
X�
�
Neutral Models�
X�
X�
X�
X�
�
X�
X�
X�
�
�
Periodic Small Signal Analysis�
�
X�
�
�
�
X�
�
X�
�
�
Frequency Domain Enhancements to Spectre RF�
�
X�
�
�
�
X�
�
X�
�
�
HDL Integration�
�
X�
�
�
�
X�
�
X�
�
�
RLC Extractor/Generator�
�
X�
�
�
�
X�
�
X�
�
�
Nonlinear Stability Analysis�
�
�
X�
�
X�
�
�
�
X�
�
Nonlinear Simulation Enhancements�
�
�
X�
�
X�
�
�
�
X�
�
Enhanced Envelop Simulator�
�
�
�
X�
X�
�
�
X�
�
�
SDD/FDD User Defined Models�
�
�
�
X�
X�
X�
�
�
�
�
Volterra Simulator�
�
�
�
X�
X�
X�
�
�
�
�
Maxwell Eminence Enhancements�
X�
�
�
�
X�
�
�
�
X�
�
MIT FastWave Development�
�
X�
�
�
X�
�
�
�
X�
�
Microwave Explorer Enhancements�
�
�
X�
�
X�
�
�
�
X�
�
Microwave Conqueror Enhancements�
�
�
X�
�
X�
�
�
�
X�
�
em Enhancements�
�
�
�
�
�
X�
X�
�
X�
�
Fast Parasitic Coupling Algorithms�
�
�
�
X�
�
�
�
�
�
�
Package Effect Analysis�
�
�
�
�
�
�
�
�
�
�
Passive Model Generator�
�
�
�
X�
X�
X�
�
�
X�
�
Active Physics Based Model Generator�
�
�
�
X�
�
X�
�
�
X�
�
Raytheon Enhanced Active Device Models�
�
X�
�
X�
�
X�
�
X�
�
�
Hughes Modeling�
�
�
�
X�
X�
�
�
�
�
�
TI Behavioral Modeling�
�
X�
�
X�
X�
�
�
X�
�
�
HP EEsof Behavioral Modeling�
�
X�
�
X�
X�
�
�
X�
�
�
TRW Model Validation�
�
�
�
�
�
�
�
�
X�
�
�
Table 2-3.  KEY PersonNel sUMMARY


Name�
Company�
�
Gordon R. Scott - Team Leader�
Texas Instruments�
�
Lawrence Williams�
Ansoft�
�
Chris Cheung�
Cadence�
�
Jason Gerber�
Compact�
�
Jim Fitzpatrick�
HP EEsof�
�
Darren Walworth�
Hughes�
�
Raghu Mallavarpu�
Raytheon�
�
James Rautio�
Sonnet�
�
Daniel Yang�
TRW�
�
Jim Gillespie�
Air Force�
�
Tom Burke�
Army�
�
Dennis Webb�
Navy�
�






2.3.2	Update Development Priorities for Release 2.0


Upon completion of the first MDE workshop, comments and recommendations concerning progress and future development needs will be collected and analyzed.  The requirements document will then be reviewed and updated by a requirements team consisting of members from all MAFET companies. This team will be responsible for reviewing the document with respect to priorities, task definitions, or new development  based on the workshop feedback as well as achieved progress relative to the goal. If changes are required, the requirements team may create subteams to address specific areas or make the changes themselves as they see fit. Texas Instruments will be responsible for incorporating changes as defined by the requirements team and distributing the new version.


2.3.3	Update Development Priorities for Release 3.0


Upon completion of the second MDE workshop, comments and recommendations concerning progress and future development needs will be collected and analyzed.  The requirements document will then be reviewed and updated by a requirements team consisting of members from all MAFET companies. This team will be responsible for reviewing the document with respect to priorities, task definitions, or new development  based on the workshop feedback as well as achieved progress relative to the goal. If changes are required, the requirements team may create subteams to address specific areas or make the changes themselves as they see fit. Texas Instruments will be responsible for incorporating changes as defined by the requirements team and distributing the new version.


2.3.4	Risk Assessment/Management Plan


The primary risk associated with this task is the possibility that the requirements document will be incorrect and/or insufficiently detailed, resulting in a discrepency between the expected and delivered outputs associated the development.  To minimize this risk both the generation and review process for the requirements document will involve multiple user companies as well as representatives from the CAE suppliers.  Additional companies external to the MAFET program will also be included in the review process.








2.4	MAFET Design Environment (MDE) Benchmarking Demonstrations





Goal:  To provide a means of measuring progress of tool developments from a speed, capabability (i.e. coverage), and accuracy point of view.





Result:  Benchmark results reported at three points in program timeline: MDE 0, MDE 1, and MDE 2.    Benchmark results will be extrapolated into the overall process cost/cycle-time model.





Major Milestones Supported:


Milestone 1 (SOW 2.4.1): Install MDE 0 baseline software at user companies/tri-services.


Milestone 2 (SOW 2.4.2 and 2.4.3):  Develop benchmarking plan & characterize MDE 0.


Milestone 7 (SOW 2.4.4):  Install MDE 1 at user companies/tri-services.


Milestone 8 (SOW 2.4.5):  Benchmark MDE 1 and provide results in a report.


Milestone 11 (SOW 2.4.6):  Install MDE 2 at user companies/tri-services.


Milestone 12 (SOW 2.4.7):  Benchmark MDE 2 and provide results in a report.





AIAB, AIFB, AIGB, AIHB:  User Benchmarking





The measurement of progress during the course of the program will be accomplished through benchmarking demonstrations. An initial set of benchmarks will be developed and executed to establish the baseline capability at the start of the program. These benchmarks will be run again after each major release to quantify improvements. The benchmarks will include verifications of speed, accuracy, coverage, and other planned MDE enhancements. The results of the benchmarks will be documented and distributed for team and customer review. The user companies are responsible for performing the benchmarks and documenting the results. The benchmarking results will be provided to the government as well as user and CAE companies associated with the MAFET program. The government or their representative may audit any of the benchmarking activities.


2.4.1	Approach


The CAE companies will provide a list of existing tools, enhancements to be added to each tool, and new tools to be developed. The responsibility to evaluate the tools and associated features will then be distributed between the user companies based on preferences and interest. Each tool will be evaluated by at least two companies with their results merged in the final report. This will ensure a fair evaluation of the tools. The evaluation assignments will be coordinated at the CMC to ensure that all tools and features will be adequately evaluated. The specific process and reporting format to be followed for benchmarking will be defined and documented prior to starting the evaluation. The Benchmarking Assignment table in Section 2.4.3 defines which companies will perform the initial evaluations.


	Please refer to Appendix B for a summary of tools and features included in each MDE release.   The benchmark reports will also list updated attributes of each new release as the program progresses.  


2.4.2	Benchmarking Vehicles


The test vehicles used for the benchmarking activities will consist of MMICs, MCAs, and other test structures contributed by each of the user companies, as shown in Table 2-4. Additional test cases to evaluate specific capabilities may also be added as appropriate. Not all test cases will be used for each evaluation, but will be selected from the contributed "pool" as appropriate. All formal test case files/information will be made available to ARPA/Tri-Services.  The will also be available to the EDA companies on an as-needed basis for specific tools tests.  This information may be restricted for use on the MAFET program (based on the current NDA). The test cases may be "sanitized" by the contributing company prior to submittal as necessary. Additional evaluations involving proprietary test cases may be performed by the user companies with the results distributed at their discretion. The formal test cases, however, must be sufficient to evaluate all tools and enhancements.


The same test cases used for the initial baseline (MDE Release 0.0) will also be used for evaluation of all subsequent releases. This will provide a direct comparison of capability and performance improvements. If additional test cases are added as the program progresses, the CMC will determine the validity and value of running the new test case on the original baseline software. To that end, at least one configuration of software and hardware used for the initial baseline must be maintained for the course of the program for future comparisons.


TABLE 2�4.  Benchmarking Test Vehicles


Company�
MCA�
MMIC�
Other�
�
Hughes�
X-band T/R Module�
Variable gain switch amplifier (VGSA)�
�
�
Raytheon�
L/S�band power amplifier module�
18- to 40-GHz millimeter wave power module (MMPM)�
Transistors and passive structures�
�
Texas Instruments�
9- to 10-GHz T/R Module�
Power amplifier�
HFET and PHEMT nonlinear devices


and passive structures.�
�
TRW�
Q-band T/R Module�
W-band LNA�
HEMTs and passive structures�
�



2.4.3	Assignments


TRW will be responsible for coordinating the benchmarking activities and for compiling the final reports. The CAE suppliers will be responsible for providing the software tools to be evaluated. The user companies will provide any hardware required and perform the evaluations as defined in Tables 2-5 and 2-6. Once the evaluations are complete, the companies will be responsible for summarizing the results in the defined format and providing the information to TRW for compilation into the final report. The user companies performing the evaluations will also be required to document any problems or "bugs" that are found and provide this information to the appropriate CAE supplier. Enhancements or capabilities identified during the evaluation as being desirable to be added to the tool (not bugs) will be documented and provided to the requirements team to be considered for the next release of the requirements document.


Initial benchmarking assignments for the existing tools (MDE Baseline Release 0.0) are shown in Table 2-5. The overall benchmarking vehicles and assignments for the program are shown in Table 2-6.


TABLE 2-5.  EXISTING TOOLS BENCHMARKING ASSIGNMENTS


CAE Company�
�Tool�
Primary Evaluator�
Secondary Evaluator�
�
Cadence�
Analog Artist Microwave Simulator Interface�
TRW�
Hughes�
�
�
Spectre and SpectreHDL�
Raytheon�
TI�
�
�
IC Layout with Microwave Extensions�
TRW�
Hughes�
�
�
Allegro MCA layout design�
Hughes�
TI�
�
HP EEsof�
Libra Design Suite�
TI�
Raytheon�
�
�
MDS�
TI�
Raytheon�
�
Compact�
Microwave Harmonica Nonlinear Design Suite and Schematic Editor�
TRW�
Raytheon�
�
�
Microwave Explorer�
TI�
Hughes�
�
�
Microwave Success (MCA)�
Hughes�
TRW�
�
Ansoft�
Maxwell Eminence�
Hughes�
Raytheon�
�
Sonnet�
Sonnet�
Raytheon�
TRW�
�
�
TABLE 2-6.  OVERALL Benchmark Assignment Table


�Area�
CAE�Company�
�Tools�
User Company�
MCA�Benchmark�
MMIC Benchmark�
Other�Benchmarks�
�
Open Architecture�
Cadence�
Allegro�
Hughes�
X-band T/R Module�
�
�
�
�
�
Artist/Virtuoso�
TRW�
�
W-band LNA�
�
�
�
�
OASIS�
TRW�
Q-band T/R Module�
W-band LNA�
�
�
�
HP EEsof�
IFF to CADENCE�
TRW�
Q-band T/R Module�
W-band LNA�
�
�
�
�
Arb. physical design extractor�
Raytheon�
�
�
Passive structures�
�
�
�
HP data server�
TRW�
Q-band T/R Module�
W-band LNA�
�
�
�
�
Spice Netlister�
Hughes�
�
Variable gain switch amplifier (VGSA)�
�
�
�
�
Layout link to ProEngineer�
Hughes�
X-band T/R Module�
�
�
�
�
�
Layout Tool Enhancements�
TI�
9- to 10-GHz T/R Module�
Power amplifier�
�
�
�
Compact�
Microwave Harmonica�
TRW�
W-band LNA�
HEMTs and passive structures�
�
�
Circuit/ Behavioral Simulators�
Cadence�
Spectre�
Raytheon�
�
�
HFET and PHEMT nonlinear devices.�
�
�
Compact�
Microwave Harmonica�
TRW�
�
18- to 40-GHz mmW power module (MMPM)�
�
�
�
HP EEsof�
Envelope Sim. Enhancements�
TI�
9- to 10-GHz T/R Module�
�
HFET and PHEMT nonlinear devices.�
�
�
�
Compiled SDD/FDD�
TI�
�
Power amplifier�
HFET and PHEMT nonlinear devices.�
�
�
�
Volterra Simulator�
Raytheon�
�
18- to 40-GHz mmW power module (MMPM)�
Transistors and passive structures�
�
�
Cadence�
RLC interconnect parasitic extractor�
TRW�
Q-band T/R Module�
�
�
�
EM Simulators�
Cadence�
Full-Wave Simulator�
Hughes�
X-band T/R Module�
Variable gain switch amplifier (VGSA)�
�
�
�
Compact


�
Microwave Explorer, �
TI�
�
Power Amplifier�
Passive Structures�
�
�
�
Microwave Conquerer�
TI�
9- to 10-GHz T/R Module�
�
Passive Structures�
�
�
Ansoft�
Maxwell Eminence�
Hughes�
X-band T/R Module�
Variable gain switch amplifier (VGSA)�
�
�
�
Sonnet�
Sonnet�
Raytheon�
�
18- to 40-GHz mmW power module (MMPM)�
Passive Structures�
�
Modeling�
HP EEsof�
Passive Model


Generator�
Raytheon�
�
�
Passive Structures�
�
�
�
Physics based active device 


Modeling�
Raytheon�
�
�
Transistors�
�






2.4.4	Risk Assessment/Management Plan


	We have reduced risk in the benchmarking effort by providing numerous and varied test cases from all user companies.   We expect these to be sufficient to cover the functionality of all the new tools and enhancements.   In the event we find this is not the case later in the program, new benchmarking vehicles will be added where needed.  


	An area of concern for us is the ability to accurately map the benchmarking results into the overall cost/cycle-time model.   There are many subtleties in trying to accomplish this.  The benchmarking acti
