4.0	Circuit/Behavioral Simulation Tools

Goals and Results

The MDE Consortium will enhance circuit simulation capability, speed, and accuracy to enable "virtual prototyping". Performing comprehensive simulation and analysis instead of building "functional breadboards" will yield a more complete first pass design, resulting in savings of two or more complete design passes. Additionally, behavioral modeling and simulation capability will enable a more effective requirements development and analysis process for MMIC and MCA design, allowing accurate, compact circuit descriptions to flow up to the MCA or system design level.

Efficient design optimization tools are crucial to the design cycle time reduction goals that have been established for this programmatic effort. The inclusion of the statistical implications of the design ensure that a high yield manufacturable design will result from the design cycle. By enhancing speed and parameter coverage and combining it with existing tool capabilities to optimize and perform statistical analysis, design engineers will have the necessary statistical design support.

Table 4-1 shows the circuit/behavioral simulation top-level tasks.

Table 4-1.  Circuit/Behavioral Simulation Top-Level Tasks

General�Task Area�New or Enhanced�Objective or Benefit�WBS�Elements��Improvement in MMIC circuit simulation performance and robustness�Enhanced�15( speed improvement in simulation time.�ADKB, ADKE��Improvement in MCA circuit simulation�Enhanced�Comprehensive performance predictions for entire MCA.�ACJD��performance and robustness��Up to 100x speed improvement in simulation time for pulsed radar�ACLB��High Frequency Behavioral Simulation.�Enhanced�Full module level mixed-level simulation�ACJE, ACJF, ACLD

��Neutral Model Development�New�Efficient development and portability of models between design systems�ADKG, ACLC��HDL requirements�New�Define a requirements process for a study phase into the development of an HDL for high frequency design�ACLE��

Figure 4-1 shows the overall schedule for the circuit/behavioral tasks and key hand-off points among the MDE Consortium, customer, subcontractors, and the industry.



� EMBED MSProject.Project.4  ���

Figure 4-1.  Circuit/Behavioral Tasks and Key Hand-off Points Overall Schedule

The MAFET Consortium has a view of four dominant areas for improvement as shown in the preceding Gantt (Figure 4-1). Each approach is detailed in the following text.

4.1	MMIC Circuit Simulation Speed Enhancements

Goals and Results

The goal of this task area is to provide 15x speed enhancements to nonlinear circuit simulation tools.  This improvement will be demonstrated by milestone 13.

Description

This task area will provide speed enhancements to nonlinear circuit simulation tools to enable more thorough simulation and optimization of a MMIC in the design time permitted. The goal is to improve speed by a factor of 15.  Nonlinear simulation is very important for millimeter-wave designs where higher order effects are more prevalent and convergence to a solution within the simulator is more difficult.

4.1.1	Compact Software 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.

�

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.

�

 

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.

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 – Nonlinear stability analysis demonstration (Task ADKE)

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

Internal Milestones

Month 10 – Initial stability analysis demonstration (Task ADKE)

Month 24 – 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 Software’s 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	 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��

4.1.6  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 4-5 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.

�

Figure 4-5.  Anticipated Development Schedule for Stability Analysis Enhancement Effort

4.2	MCA Circuit Simulation Enhancements

Goals and Results

We will develop new simulation algorithm technology that provide powerful new capabilities or dramatic speed improvements needed to perform MCA simulation. The goal is to improve the users’ ability to make comprehensive performance predictions for entire MCAs. 

Important new simulation capabilities include stability analysis, efficient simulation of the envelope response in the presence of a high-frequency carrier, and the ability to efficiently compute transfer functions that span frequencies and account for noise folding in strongly nonlinear circuits such as switching mixers.

4.2.1	HPEEsof  Approach

4.2.1.1	Detailed Description of Approach

To design complex, phased-array radar systems effectively, it is necessary to evaluate system performance with the inclusion of detailed circuit and subsystem modeling. These subsystems are ultimately realized with hybrid, multichip modules, and millimeter wave GaAs integrated circuits. To model the parametric effects, such as power supply and temperature variations, digital noise effects, and self-heating, a circuit level description is often necessary. The required system level analysis with integrated circuit simulation is not practical with traditional Harmonic Balance simulators. HP EEsof will be focusing on enhancing the new technology in the Envelope simulator to meet RADAR application requirements. Additional required models for these applications will also be developed. The approaches are described below for MCA circuit  enhancements

System-level components available in the MDS System Model Library can be used in s-parameter, transient, and harmonic balance simulation. These system-level components can be freely mixed with circuit components for mixed hierarchy simulation. HP EEsof is merging this capability into a common simulator family that will be enhanced to use the Envelope simulator, bridging circuit and behavioral analysis in one tool.

Performance improvements, noise, and behavioral modeling capability will be added to the Envelope Simulator.

ACLB - Envelope Enhancements

Goal:	Provide an envelope simulator with 100x speed improvement over traditional harmonic balance or time domain techniques for pulsed radar. 

Result:	A new envelope simulator for pulsed radar.

Milestone Link: Demonstrate simulator at milestone 5.



Under MAFET, the envelope simulator would be enhanced in functionality and performance to meet specific simulation requirements for radar module design (Table 4-4). The enhancements include adaptive envelope timepoint selection and carrier tracking. The adaptive timepoint enhancement will improve the speed of pulsed envelope simulations. The carrier tracking will allow the envelope simulation to work for frequency agile pulsed radar applications. Macro modeling technology and specific macro models for common subsystem building blocks would be integrated with envelope simulation.







Table 4-4.  MCA Circuit Simulation Enhancements

WBS No.�Task Description�Functional Enhancements��ACLB�Envelope Simulation�100( performance improvement for pulsed radar

Nonlinear noise

VIOMAP integration

Carrier tracking

Macro models for RADAR applications��

Technical Partners

Not applicable for this task area.

4.2.1.2  Milestone Descriptions

Major Milestones Supported

Milestone 5 – Envelope demonstration in pulsed radar applications 

Milestone 7 – Envelope benchmarking in MDE 1.0.

Internal Milestones

Milestone 5 –Report on user requirements for radar-specific model development

4.2.1.3  List of attributes of each Release

MDE 1.0

Envelope integrated into merged HP EEsof circuit simulator

Nonlinear noise simulation.

MDE 2.0

VIOMAP support

Auto timepoint selection

Radar specific macro models



MDE 3.0: Under Development at 36 Months

Carrier tracking

Convolution

4.2.1.4  Risk Assessment/Management Plan

This task area is considered to be of medium risk and medium payoff. The envelope simulator task has had a year of early development to prove the basic technology. The first commercial release of Envelope will ship to customers early in 1996. Risk areas identified for this task area include: reliance on the compiled FDDs for macro-model performance, reliance on VIOMAP for nonlinear “black box” inputs, and the development effort needed for carrier tracking.

Fallback plans for Envelope include: Use a reduced interpretive version of the FDD for preliminary work and evaluate power dependent S-Parameter usage in the merged HP EEsof harmonic balance simulator.

4.2.1.5  Staffing

Table 4-5 lists key personnel from HP EEsof in the MAFET software approach effort.

table 4-5.  Key personnel summary - HP EEsof

Name�MAFET Project Role�Time (%)��David Sharrit�Nonlinear Simulation�90��Xiaohua Xuan�Nonlinear Simulation�50��Models Engineer�Radar Models�50��

4.2.1.6  Detailed Envelope Gantt Chart

Figure 4-6 is a detailed envelope enhancement schedule.
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Figure 4-6.  Detailed Envelope Gantt Chart

4.2.2	Cadence Approach

4.2.2.1	Detailed Description of Approach

ACJD - Periodic Small-Signal Analyses

Goal:	Provide new  capability for AC, noise, and distortion analyses on periodic systems. 

Result:  Enhancement in Spectre to support periodic small-signal analyses.

Milestone Link: Demonstrate new periodic steady state algorithms for strongly nonlinear circuits  at milestone 8.



Periodic steady-state analyses offer the ability to simulate highly nonlinear circuits in the time domain much more rapidly than is possible with Spice simulators. Simulation time also scales more linearly with circuit complexity than is the case for existing microwave simulators. Cadence will develop this technology to support microwave design, thereby providing designers with increased accuracy, faster run times, and the ability to handle larger circuits.

Table 4�6 summarizes the functional enhancement.

Table 4-6 Periodic Small-Signal Analyses  Enhancements

WBS No.�Task Description�Functional Enhancements��ACJD�Periodic Small-Signal Analyses�Spectre to support microwave design.  These analyses will allow designers to perform analyses such as AC, noise, and distortion analysis on periodic systems such as mixers and oscillators.��

Technical Partners

None applicable for this task.

4.2.2.2	Milestone Description

Major Milestones Supported

Milestone 8 - Demonstrate new periodic steady state algorithms for strongly nonlinear circuit (MCA circuit simulation) 

Internal Milestones  

Cadence will follow its internal development process which will include:

Research/Prototype of Algorithms

Engineering Alpha Release

Engineering Beta Release

Preliminary documentation.

4.2.2.3	List of Attributes of Each Release

MDE 1.0: None

MDE 2.0:

Periodic small-signal analyses for microwave circuits permit accurate simulation of highly nonlinear circuits that process large and small signals. (release 1)

MDE 3.0:

Periodic small-signal analyses for microwave circuits permit accurate simulation of highly nonlinear circuits that process large and small signals. (release 2)





4.2.2.5	Staffing

Ken Kundert will be the technical lead for this task.

4.2.2.6	Gantt Chart

Figure 4-7 is the schedule for  periodic steady-state analyses task.
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Figure 4�7  Periodic Steady-State Analyses Schedule



4.3	MCA Behavioral Simulation Enhancements



Introduction  

	Behavioral simulation is a concept for simulating an arbitrary and diverse set of block representations which collectively represent a complete design.  In principle, a global design simulator could support representations for schematic, netlist, HDL, layout, and solid model design blocks connected in arbitrary topologies with arbitrary hierarchy.



Goals and Results

To address MCA and system design issues, behavioral simulation and modeling capabilities will be developed. This capability will support system concept definition and optimization (which will result in a better match between MCA and MMIC specifications and foundry capabilities). A mixed-level simulation capability will also be developed to support analysis and optimization of MMIC and MCA requirements as shortfalls are discovered during detailed design or verification testing.

4.3.1	HPEEsof  Approach

4.3.1.1	Detailed Description of Approach

HP EEsof behavioral and circuit-level simulators data interchange is in the form of power-dependent, large-signal S-parameter models today. As a part of MAFET and HP EEsof commercial funding, the VIOMAP approach to behavioral models will be applied to harmonic balance simulators to include “black box” models. 
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Merging the above capabilities (funded by HP EEsof) will provide a combined system and circuit simulation capability (Figure 4-8). MAFET funding will be directed toward extensions of a top-down system capability that provides a seamless link to the requested data, the correct simulation engine, and the appropriate level of abstraction for each component.

�





ACLD - Volterra Series Simulator HP EEsof

Goal: Develop an automated method to derive mathematical block models from circuit level simulation.

Result:. Predict the cascade performance of nonlinear networks, as well as the behavior of a single "black box

Milestone Link:  Demonstrate basic VIOMAP functionality at Milestone 7 with full design environment and simulation integration at Milestone 13



Under MAFET, automated generation of the mathematical block models from nonlinear simulators will include experiment generation, simulation control, data collection, and mathematical model extraction. Validation with several MCAs will ensure the accuracy, speed and usability of these mathematical models.

Once this accurate nonlinear data is gathered, a robust nonlinear model is generated based on the Volterra theory. This model is a table called the VIOMAP (Volterra Input-Output MAP) that is analogous to S-parameters for linear systems. This model can predict the cascade performance of nonlinear networks, as well as the behavior of a single "black box." Volterra theory is particularly good for weakly nonlinear systems, such as devices and amplifiers with less than 6-dB compression, mixers, and analog communications system components. An advanced theory (Extended VIOMAP) is presently being studied to provide modeling for stronger nonlinearities such as in limiting amplifiers and digital components. 

Once the nonlinear black box model is generated, it can be used in circuit simulators as a key building block for nonlinear design (Table 4-6). The VIOMAP can be created by the simulator as easily as it can by the measurement system. This provides automated generation of circuit simulation-based mathematical models for nonlinear blocks. One advantage of the VIOMAP-based nonlinear model is that it can represent a complex combination of traditional nonlinear circuit models. These compact mathematical models would retain the basic accuracy of the standard simulation but would run much more efficiently in overall design simulations.

Table 4-
7
. Volterra Series Simulator Enhancements - HP EEsof

WBS No.�Task Description�Functional Enhancements��ACLD�Volterra Simulator�Implement the VIOMAP device in the harmonic balance simulator

Implement the VIOMAP device in the circuit Envelope simulator

Extend the VIOMAP device to harder nonlinearities��

Technical Partners

HP EEsof has been working with the University of Brussels on this technology for several years. We will continue to do work at the University in both simulation and test for the VIOMAP technology. Management of this task area will be administered by the HP Brussels office, with direct reporting to the MAFET Program Manager.

4.3.1.2	Milestone Descriptions

Major Milestones Supported

Milestone 7 – Initial VIOMAP demonstration

Milestone 11 – VIOMAP circuit simulator integration

Milestone 13 – Full VIOMAP functionality.

4.3.1.3	List of Attributes of Each Release

MDE 1.0

Demonstration only of VIOMAP simulation








M
DE 2.0

VIOMAP reader

Integrated with Harmonic Balance

Integrated with Envelope Simulator

Experiment Design

Nonlinear Noise Analysis.

MDE 3.0: Under Development

Hard Nonlinearities





4
.3.1.4	Risk Assessment/Management Plan

This task area is considered in general to be of medium risk and high payoff. The VIOMAP device integration into the harmonic balance and envelope simulator are both of medium risk, and the VIOMAP extensions to harder nonlinearities is considered to be of a higher risk, but will be toward the end of the program. Management of the risk will include the value of the progress made on the first level integration and validation.

4.3.1.5	Staffing

Table 4-
8
 lists key personnel involved in the MAFET Volterra series simulation effort at HP EEsof.

table 4-
8
.  Key personnel summary - HP EEsof

Name�MAFET Project Role�Time (%)��Marcus Vanden Bossch�Technical Lead�50��Yves Rolain�Experiment Design�90��Integration Engineer TBD�VIOMAP Integration�50��Jan Verspecht�VIOMAP Validation Engr.�50��










4
.3.1.6	Gantt Chart

Figure 4-
9
 is a detailed schedule of VIOMAP simulation.
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Figure 4-
9
.  Detailed VIOMAP Gantt Chart



4.3.2	Cadence Approach

4.3.2.1	Detailed Description of Approach	

Designers require increased simulation speed and the ability to simulate larger circuits than can be handled at present, and this situation will become more dire as circuit complexity will surely rise over the next few years. Today simulation capabilities for highly nonlinear circuits are marginal at best, and such circuits are typically required in all radio transmit and receive blocks. After these basic needs, the next major requirement is to accurately simulate entire modules with different functional blocks represented at different levels of abstraction. This will allow realistic system definition, where block requirements "flow down" to the circuit-level designers and achieved block capabilities "flow up" to the module designer. This implies mixed-level simulation, where some blocks are represented with behavioral models while others are simulated in detail at the circuit level.

Accurate simulation from layout requires incorporation of detailed models for interconnects. Today this is done in one of two ways depending on operating frequency: for analog circuitry below 1 GHz, RC models are derived for interconnects via polygon extraction; for MW/MMW circuits on insulating substrates, interconnects are modeled using distributed elements such a microstrip lines and discontinuities such as bends and tees. There are many applications that fall between these: ICs operating below 4 GHz on both insulating (e.g., GaAs) and noninsulating (e.g., Si) substrates, and boards and MCMs operating at RF frequencies. For these applications, RLC modeling of interconnects would offer improved accuracy and fast simulation, even using time domain simulators.

ACJE	Microwave Simulation System

Goal:	Provide foundation capabilities for efficient design of more complex circuits, smooth transition form system to circuit and, flexible modeling and analysis strategies. 

Result:  Mixed-level mixed-domain simulation capabilities in Spectre.



Cadence will develop faster, more accurate methods for using frequency-domain models in transient analysis. This will make time-domain simulation of MW/MMW systems practical in many cases and will open the possibility for mixed-signal (analog/digital) simulation incorporating accurate frequency-domain models for MW/MMW components.

SpectreÕs steady-state analyses will use transient-like shooting methods to handle strongly nonlinear circuits and abruptly discontinuous circuits.  Cadence will blend  time- and frequency- concepts to support distributed components.

Full module simulation using a mixed-level approach requires a simulator that can handle behavioral models and detailed circuit descriptions in the same analysis. Cadence's SpectreHDL provides this capability for analog circuits. By extending this analog HDL to handle frequency-domain models, mixed-level MW/MMW simulation will be achieved. Once system and circuit designers can directly exchange models and use the same simulator, successful first-pass system design will finally be within reach.

A library of 50 to 100 typical circuit blocks useful in high frequency design will be implemented using the HDL. Examples of such blocks are linear and limited amplifiers, various types of filters and mixers. By creating the library using the HDL, this library will work with any tool that supports the HDL.

ACJF - Quasistatic Structure Simulation

Goal:	Connect EM and circuit simulators for highly-interconnected passive structures. 

Result:  A fast quasistatic RLC parasitic extractor..


Milestone Link:
Demonstrate RLC extractor int
erface to circuit simulator by
 
milestone 11


Cadence will apply MITÕs multipole acceleration techniques to implement a quasistatic RLC parasitic extractor. The multipole technique allows analysis of large problems in less time because the solution time is proportional to the number of conductor panels, unlike other boundary-element methods where time is proportional to the cube of the number of panels. A new algorithm for generating lumped models from the extractor output will then be implemented. This will allow the interconnect structures to be efficiently simulated in either frequency or time domain.

Table 4�
9
 summarizes the functional enhancement.

Table 4-
9
. Microwave Simulation System & Quasistatic Structure Simulation ENHANCEMENTS

WBS No.�Task Description�Functional Enhancements��ACJE�Microwave Simulation System�Frequency-domain models in time-domain simulation

Distributed components in the steady-state analyses

Distributed components in transient analyses to improve accuracy and efficiency����Mixed-domain behavioral language

Frequency-domain modeling for distributed passive components, noise, weakly nonlinear components and frequency-domain measurements

Time-domain modeling for lumped components, discrete-time and event-driven components and time-domain measurements

Suppressed-carrier modeling for systems containing modulated signals��ACJF�Quasistatic Structure�A multipole accelerated quasistatic RLC extractor���Simulation�A new algorithm that can be used to generate lumped models for structures simulated with the quasistatic RLC extractor.��

Technical Partners

None applicable for this task.

4.3.2.2	Milestone Description

Major Milestones Supported

Milestone 11 – HDL upgraded to provide language based capabilities for microwave applications

Milestone 11 – A library of generic behavioral models to support MCA concept definition developed using the upgraded HDL.

Internal Milestones

Cadence will follow its internal development process which will include:

Research/Prototype of Algorithms

Engineering Alpha Release

Engineering Beta Release

Preliminary documentation.

4.3.2.3	List of Attributes of Each Release

MDE 1.0: None

MDE 2.0: None

MDE 3.0:

HDL behavioral models that support both time and frequency-domain modeling in a single simulation.

Faster, more accurate methods for using frequency-domain models in transient analysis

4.3.2.4	Risk Assessment/Management Plan

Time-Domain Microwave Circuit and Behavioral Simulation is an area of high risk. The current state of the art in simulation technology does not have the ability to include arbitrary frequency-domain models in a time-domain solution in a manner that is either sufficiently efficient or accurate. This ability is needed to include models of distributed interconnect in the simulation, which is critical at microwave frequencies.



4.3.2.5	Staffing

Ken Kundert will be the technical lead for this task.

4.3.2.6	Gantt Chart

Figure 4-1
0
 is a detailed circuit/behavioral simulation schedule. (needs revision)
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Figure 4�1
0
.  Detailed Circuit/Behavioral Simulation Schedule





4.4	Neutral Model Development

Goals and Results 

In conjunction with SOW  Section 6.4, simulators will be upgraded to adopt the MAFET neutral model format. Such an effort will enable third party model developers (e.g., foundries) to develop device models and populate foundry libraries, which are both electronically accessible by and portable between simulation tools.

4.4.1	Compact Software 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



4.4.1.1	Detailed Description of Approach

Using HP EEsof’s 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-
10
 lists MMIC circuit simulation speed and functionality enhancements.

Table 4-
10
.  MMIC Circuit Simulation Functionality Enhancements

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

4.4.1.2  Milestone Descriptions

Major Milestones Supported

Milestone 3 – Release neutral model format

Milestone 13 –Neutral data format capability in Microwave Harmonica

Internal Milestones

Month 27 – Neutral data format for active devices demonstration

4.4.1.3  List of Attributes of Each Release

MDE 1.0	None

MDE 2.0	None

MDE 3.0	Neutral model format support in Harmonica



4.4.1.4  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.

4.4.1.5   Staffing

The personnel listed in Table 4-
11
 will be the key personnel involved in the MAFET circuit simulation effort at Compact Software.

Table 4-
11
.  Key Personnel Summary - Compact Software

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

4.4.1.6  Detailed GANTT Chart

Figure 4-
11
 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.

�

Figure 4-
11
.  Anticipated Development Schedule for Neutral Device Format Enhancement Effort





4.4.2	HP EEsof  Approach - Neutral Model Development

Goals and Results 

Goal: Develop a neutral model format specification and implementation.

Result: Neutral model generation.

Leaf-Milestone Link: Document neutral model format by milestone 3.  Demonstrate full Time and Frequency Domain implementation  by milestone 7.

.

4.4.2.1	Detailed Description of Approach  

ACLC Neutral Model Development

The existing SDD capability in MDS today is extended to a compiled version to improve performance by greater than a factor of 10(. We will then share this information with the MDE Team for implementation in other tools and standardization.

In conjunction with SOW Section 6.4, simulators will be upgraded to adopt the MAFET neutral model format. Such an effort will enable third party model developers (e.g. foundries) to develop device models and populate foundry libraries, which are both electronically accessible by and portable between simulation tools.





Table 4-
12
 lists the SDD/FDD user defined models.

Table 4-
12
.  SDD/FDD User Defined Models

WBS No.�Task Description�Functional Enhancements��ACLC�SDD/FDD User Defined Models�Compiler for user-defined frequency and time domain behavioral models

Support a compiler for envelope simulation

Add support for noise to SDDs and FDDs��

Technical Partners

HE EEsof will provide early documentation on the current SDD approach to provide a vehicle for open input. As the work develops we will be sharing development options with Compact Software to ensure task alignment.

4.4.2.2	Milestone Descriptions

Major Milestones Supported

Milestone 3 – Neutral model format documented and circulated 

Milestone 5 – Time Domain implementation for demonstration

Milestone 7 – Full Time and Frequency Domain demonstration

Internal Milestones 

Milestone 2 – Performance benchmarking of current SDD

Milestone 3 – Performance benchmarking of Alpha SDD compiler

4.4.2.3	List of Attributes of Each Release

MDE 1.0

Beta SDD compiler

Beta FDD compiler

MDE 2.0

Commercial release of compiler

MDE 3.0: Under Development

TBD based on commercial drivers



4.4.2.4	Risk Assessment/Management Plan

This task area is considered to be of low risk and high payoff. The basic technology of the SDD has been commercially available in the Microwave Design System for several years, and is being added to the merged HP EEsof circuit simulator in 1996.



4.4.2.5	Staffing 

Table 4-
13
 lists key personnel involved in the MAFET SDD compiler effort at HP EEsof.

table 4-
13
.  Key personnel summary - HP EEsof

Name�MAFET Project Role�Time (%)��Jeff Meyer�Project Manager�20��Dr. Paul Grojean�SDD/FDD Compiler�90��

4.4.2.6	Detailed Gantt Chart

Figure 4-
12
 is a detailed SDD/FDD schedule.
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Figure 4-
12
.  Detailed Compiled SDD/FDD GANTT Chart

4.4.3	Cadence Approach  - Neutral Model Development

Cadence is receiving no funding for this task and has no defined role in the review and comment to the neutral model format.  However, Cadence will work with HPEEsof to provide review and formal feedback to the usefulness of the SDD/FDD approach.   At this time,  Cadence has no plans to utilize the SDD format as currently being planned.  If the neutral format were to utilize a HDL,  then it would be practical.

4.5	Baselining and Tool Enhancement Demonstrations

Unlike the user benchmarking activity described in task 2.4,  this activity will be performed by the EDA vendors as a way to verify point tool performance and capability (milestones 7 and 11).  This effort is similar to alpha testing by the vendors, while the effort described in task 2.4 correspond to beta testing by an independent party.  Consequently,  the baselining and benchmarking activity of this task is focus on a series of tests which are more focus on particular tools developed as part of task 4.

Specifically,  the baselining and benchmarking activity for the Circuit/Behavioral Simulation area will address the following testing and provide metrics with which to measure the capability being tested:

Speed of simulation

Checklist of design parameters and specifications which can be simulated

Speed, accuracy, abstraction level and expanded coverage afforded by behavioral simulation

Support for requirements flow-down and capability flow-up

Electronic connectivity of models and libraries to simulation tools

Optimizable design parameters and time taken

Statistical simulation capability

Completeness of the device model specification format



Each EDA vendor will be responsible to the validation plan for each beta release. A detailed Validation Plan will be provided for each major task 90 days prior to a release by each vendor.

4.5.1	Compact Software Validation Approach

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.







4.5.2	HPEEsof  Approach

	The Envelope simulator enhancements  will be validated with complex modulated circuit designs from our harmonic balance test suite including previously validated non-linear noise problems. 



The compiled SDD/FDD will have several validation points in the design process. The C code optimization phase at milestone 4 will be the point that we decide on the best performance implementation. This will be tested with a variety of small and large interpretive SDD designs that HP EEsof has used for several years to measure SDD performance. This technique will also be employed for the FDD. Benchmarks for this phase of the development are being created now in the development lab.

HP EEsof will be responsible for all integration of Volterra Series Simulator task. Some validation work based on measurements will be performed at the University of Brussels on the VIOMAP task.  Software integration validation will be performed at HP EEsof in California.

4.5.3	Cadence Approach

Validation will be done at both system and solution levels and at completion of user documentation, training, and other support efforts. Cadence will develop a suite of validation test cases from existing test cases and from input from user companies. Detail of the validation suite will be defined after the requirement specification is completed. 

The key features to be validated will be:

Periodic small-signal analyses for microwave circuits

Improved methods for using frequency-domain models in transient analysis

Multipole accelerated quasistatic RLC extractor

Fast, accurate lumped-model extraction of layout interconnections 

HDL language enhanced to support frequency and time-domain modeling

4.6	High Frequency HDL Study

Goal: Define the target applications of the HDL and the  associated benefits of using an HDL within the MAFET program.

Result: Recommendation for a pragmatic approach to high-frequency mixed-signal HDL development.

Leaf-Milestone Link: Complete study by April 15, 1996

An unfunded task in this area will be for the team to define a requirements process for a study phase into the development of an HDL for high frequency design. A definition process phase will be completed by January 15th, followed by a funded study phase to be completed by May 15th. The task WBS is ACLE
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Figure 4-8.  Design Simulation Includes System, �Circuit, EM, and Thermal Simulators












