4.1	Compact Software Approach

4.1.1††Detailed Description of Approach

Circuit simulation is an integral part of the module and chip design process. However, existing circuit simulation tools are not capable of fully characterizing the circuit response to the complete suite of test conditions, nor can existing tools predict many higher-order spurious responses. The time required for complex simulation is long, preventing design engineers from extensively investigating or understanding circuit operation prior to physical prototyping. Compact Software will provide improvements to circuit simulation that will enable nonlinear stability responses to be analyzed while reducing the time needed to simulate large circuits. An improvement in simulation speed of 15( will be the goal of this effort, equally split between hardware and software contributions. These two classes of enhancements will assist in achieving design cycle time reduction as well as eliminating physical prototype cycles due to the inability to analyze new responses (Figure 4-2).

Compact Software will extend the capabilities of its frequency-domain simulator, Microwave Harmonica, to perform more comprehensive investigations of the circuit response. Coupling new capabilities with faster simulation speed will allow design engineers to understand the complex circuit interactions and spurious responses witnessed on the test bench. It will also enable a level of insight into circuit operation that cannot be determined from bench-level testing. The result will encourage modifications in the circuit design methodology to fully prototype and investigate complex circuits using CAD software, to reduce the number of physical prototypes required for module design today.
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Figure 4-2.  Proposed Circuit Simulation Enhancements Include �Speed Improvements and New Stability Simulation Capabilities

ADKB - Speed Improvement of Nonlinear Simulation

Goal: X15 speed enhancement in circuit simulation

Result: X15 speed enhancement in circuit simulation

Leaf-Milestone Link: Nonlinear simulation speed demonstration at milestone 13

Leaf Task Type: Enhancement

To realize a speed improvement of 15( within Microwave Harmonica, Compact Software will utilize a number of methods:

Add nonlinear system reduction schemes (such as tagging bias devices as "non-RF")

Implement convergence-enhancing nonlinear system-solving algorithms

Simplify and linearize device models in noncritical applications

Employ smart data and simulation management methods to reduce calculations

Utilize symmetric multiprocessor computer hardware for parallel computation.

These methods will enable the simulation of larger circuits with more active devices than can be simulated today. This will allow designers to simulate complex interactions between functional circuit components (e.g. cascaded amplifiers, phase shifters, etc.) whereas only single functional component simulations are possible today. By encompassing a larger portion of a circuit within a single simulation, fine interactions can be observed that are not possible at the system simulation level. It is the current inability to simulate these fine interactions that can and does lead to additional prototype cycles.

Our approach (Figure 4-3) to exploiting symmetric multiprocessing (SMP) stems from single-processor multitasking workstations being limited by the sequential execution of instructions. On the other hand, massively-paralleled computers are expensive, specialized machines that require custom program development and are not well suited for nodal-based circuit simulation. However, SMP is available today at very reasonable costs from industry-standard vendors (e.g. Sun Microsystems) and can be applied to circuit simulation problems. By using multithreaded coding concepts and a typical four-processor machine, we will utilize SMP to assist in realizing our 15( speed improvement goal.
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Figure 4-3  Methods To Improve Speed Utilize Symmetric Multiprocessing, �Algorithmic Enhancements, and Smart Data Management

The circuit speed enhancement task described above relies on new data-management techniques to flexibly and efficiently manage simulation data using modern object-oriented programming techniques. Through smart data management, Compact Software will remove redundant computations to contribute to speed improvements and also offer tradeoffs between computation speed and memory for many cases. This will result in shorter design cycles and the ability to simulate more complex circuits in a given time period.

ADKE - Stability Analysis

Goal: Provision of nonlinear stability analysis in microwave circuit simulation

Result: Provision of nonlinear stability analysis in microwave circuit simulation

Leaf-Milestone Link: Nonlinear stability analysis demonstration at milestone 5

Leaf Task Type: New and innovative product development

One of the most common circuit design problems occurs when an amplifier, or a chain of amplifiers, oscillates due to an unintentional feedback path in the circuit or package. Enhanced circuit modeling and electromagnetic package analysis will provide the means of characterizing the feedback path. However, a tool is required to detect whether the circuit will produce a spurious signal, such as an oscillation or a subharmonic spur. Stability analysis is the means to detect such spurious effects. Based on bifurcation theory, nonlinear harmonic-balance-based stability analysis will be developed. The proof-of-concept of this important development has been published in the open literature, and Compact Software will refine, implement, and commercialize this work for the microwave and millimeter-wave design community.

In addition to detecting unwanted spurious responses, stability analysis can be used for the characterization of hysteresis curves in circuits such as parametric frequency dividers. It has also been shown that harmonic-balance simulators are capable of converging to a solution that is numerically stable, but physically unstable. That is, a simulation can be found that cannot be realized. Stability analysis can be applied to these cases to ensure the harmonic-balance solution is a physically realizable one.

The stability analysis task described above relies on new data-management techniques to flexibly and efficiently manage simulation data using modern object-oriented programming techniques.  Since both Task ADKB and Task ADKD will share common data management, this stability analysis task will benefit from the speed enhancements in Task ADKB.

Base Product/Functional Enhancements

Table 4-2 lists MMIC circuit simulation speed and functionality enhancements.

Table 4-2.  MMIC Circuit Simulation Speed and Functionality Enhancements

WBS No.�Task Description�Functional Enhancements�Validation Vehicle��ADKB�Speed Improvement of Nonlinear Simulation�Increased simulation speed of Microwave Harmonica�MMIC Power Amplifier��ADKE�Stability Analysis�Full nonlinear stability analysis in Microwave Harmonica�Microwave VCO��

4.1.2††Milestone Descriptions

Major Milestones Supported

Milestone 5 ñ Nonlinear stability analysis demonstration (Task ADKE)

Milestone 13 ñ 15( nonlinear simulation speed demonstration (Task ADKB)

Internal Milestones

Month 10 ñ Initial stability analysis demonstration (Task ADKE)

Month 24 ñ 4( nonlinear simulation speed demonstration (Task ADKB)

4.1.3††List of Attributes of Each Release

MDE 1.0	Nonlinear stability simulation capability in Harmonica (ADKE)

MDE 2.0	4( nonlinear simulation speed enhancement in Harmonica (ADKB)

MDE 3.0	15( nonlinear simulation speed enhancement in Harmonica (ADKB)



4.1.4††Risk Assessment/Management Plan

The stability analysis task outlined above has a proof-of-concept demonstrated in the open literature and therefore entails a low-level of risk. The task of speed improvement encounters a mixture of medium and high risk because Compact Software is proposing to develop new convergence-enhancing methods as well as researching methods to reduce the nonlinear problem size. However, the benefits/rewards of speed improvement are vast and will apply to all forms of harmonic-balance analysis and optimization. Compact Softwareís approach to symmetric multiprocessing for circuit analysis carries medium risk since it has not been demonstrated before, but Compact Software is confident that good computational efficiency can be achieved. Certain aspects of frequency-domain linear and nonlinear analysis are well suited for multiprocessing architectures and Compact Software plans to exploit this.

4.1.5††Validation Plan

The routine Compact Software in-house test procedures will be employed to ensure the developed software code meets the required level of functionality. During development, a series of test cases will be developed that will be used to measure completion of the new simulation capabilities. Specifically, a series of validation test cases will be developed to evaluate the following: (1) the speed of nonlinear simulation; (2) the completeness of the neutral device format, and (3) the robustness of the nonlinear stability simulation capability. These suites of test cases will be added to the normal test cases in use at Compact Software for Microwave Harmonica.

4.1.6††Staffing

The personnel listed in Table 4-3 will be the key personnel involved in the MAFET circuit simulation effort at Compact Software.

Table 4-3.  Key Personnel Summary - Compact Software

Name�MAFET Project Role�Time (%)��Jason Gerber�Nonlinear Simulation�25��Chao-Ren Chang�Nonlinear Simulation�75��TBD�Circuit Simulation Engineer�100��TBD�Simulation Tools & Programming�50��TBD�Nonlinear Simulation�50��TBD�Modeling Engineer�25��

4.1.7††Detailed GANTT Charts

Figure 4-4 describes the development schedule through to alpha code, as anticipated for the nonlinear simulation speed enhancement effort.

Task ADKB contains four gates during the code development of the nonlinear simulation speed enhancement code for Microwave Harmonica.  The four gates are:   linear analysis speed improvement (a very rudimentary demonstration), nonlinear analysis speed improvement, optimization speed improvement and the final demonstration of speed enhancement.
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Figure 4-4.  Anticipated Development Schedule for Nonlinear Simulation Speed Enhancement Effort



Figure 4-6 describes the development schedule through to alpha code, as anticipated for the stability analysis effort. Task ADKE contains a gate whereupon the results of a stability example will be provided.
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Figure 4-6.  Anticipated Development Schedule for Stability Analysis Enhancement Effort

�4.X.1††Detailed description of approach 

ADKG - Neutral Model Support

Goal: Provide neutral model support for Microwave Harmonica

Result: Provide neutral model support for Microwave Harmonica

Leaf-Milestone Link: Demonstration of neutral model support in Microwave Harmonica at milestone 13

Leaf Task Type: Enhancement

Using HP/EEsofís SDD format as a reference point, and in conjunction with the consortium membership, a neutral model format will be defined, documented, and circulated for comments. This format will be released to all MAFET contractors so they can use this format for any new models they create.

Microwave Harmonica will be upgraded to operate from models defined in the neutral model format document. To enable this task, HP/EEsof will provide the source code of their SDD reader/parser, documentation of data structures and source code for their SDD compiler/code generator to Compact Software. This, or equivalent capability to enable Compact Software to complete the task within scope and on schedule, will need to be delivered by month 12 of the agreement contract schedule.

Base Product/Functional Enhancements

Table 4-2 lists MMIC circuit simulation speed and functionality enhancements.

Table 4-2.  MMIC Circuit Simulation Functionality Enhancements

WBS No.�Task Description�Functional Enhancements��ADKG�Neutral Model Support�Neutral model support in Microwave Harmonica��

4.X.2††Milestone Descriptions

Major Milestones Supported

Milestone 3 ñ Release neutral model format

Milestone 13 ñNeutral data format capability in Microwave Harmonica

Internal Milestones

Month 27 ñ Neutral data format for active devices demonstration

4.X.3††List of Attributes of Each Release

MDE 1.0	None

MDE 2.0	None

MDE 3.0	Neutral model format support in Harmonica



4.X.4††Risk Assessment/Management Plan

The neutral model support task is seen to be a low technical risk task since this type of capability is already in usage in HP/EEsof software.  However, a schedule/scope risk has been identified as follows. Subsequent to the June 1995 MDE Consortium meeting, HP/EEsof has determined that some of the relevant source code may not be able to be partitioned from their software and made available to Compact Software. HP/EEsof has, however, agreed to provide an equivalent capability to Compact Software to enable the scope and schedule of Task ADKG to be unaffected.  The revised approach to providing this equivalent capability to Compact Software will be addressed jointly by HP/EEsof and Compact Software, with the objective of defining the approach by month 6 of the program.

4.X.5††Validation Plan

The routine Compact Software in-house test procedures will be employed to ensure the developed software code meets the required level of functionality. During development, a series of test cases will be developed that will be used to measure completion of the new simulation capabilities. Specifically, a series of validation test cases will be developed to evaluate the following: (1) the speed of nonlinear simulation; (2) the completeness of the neutral device format, and (3) the robustness of the nonlinear stability simulation capability. These suites of test cases will be added to the normal test cases in use at Compact Software for Microwave Harmonica.

4.X.6††Staffing

The personnel listed in Table 4-3 will be the key personnel involved in the MAFET circuit simulation effort at Compact Software.

Table 4-3.  Key Personnel Summary - Compact Software

Name�MAFET Project Role�Time (%)��Jason Gerber�Nonlinear Simulation�25��TBD�Nonlinear Simulation�50��TBD�Simulation Tools & Programming�100��

4.X.7††Detailed GANTT Charts

Figure 4-7 describes the development schedule through to alpha code, as anticipated for the neutral device format enhancement effort.  This task contains a gate at which point a demonstration of the active device format will be provided.
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Figure 4-7.  Anticipated Development Schedule for Neutral Device Format Enhancement Effort�






