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Introduction

The purpose of this document is to define the requirements associated with the MAFET Thrust 1 program.  The primary goal of the program is the enhancement of Computer Aided Engineering (CAE) tools and design methodologies resulting in a 3x reduction in Multi-Chip Assembly (MCA) development cost and cycle time.  This document defines the enhancements necessary to achieve this goal and details requirements for specific program funded tasks that support the overall program goal.

This document is intended to be a "living" document that will be reviewed and revised as necessary throughout the duration of the MAFET program.  It will complement the program plan by defining the requirements and expected deliverables associated with each task as well as provide a link as to how the task helps to satisfy the overall program goals.  It does not include programmatic information such as schedules and milestones which are defined in the program plan.

Design Process Improvement

The process improvement strategy being employed by MAFET to identify, implement and verify design process improvements is shown in Figure 1-1.  The task associated with each box in the figure will be documented in one of the following three documents:

	MAFET Integrated Product and Process Development (IPPD)

	MAFET Requirements Document (RQMT)

	MDE Benchmark Plan and Benchmark Results (BMARK) 

The IPPD document contains all of the design process information including the design flow, and a cost and cycle time model.  Shortfalls associated with the design process will also be documented in the IPPD report.  Initially the current process and associated shortfalls will be identified.  This industry consensus model will be the baseline for which future program improvements will be referenced.

� EMBED PowerPoint.Show.4  ���Figure 1-1 MAFET Design Process Improvement Flow

The Requirements Document (this document) will build upon the IPPD report by identifying improvement opportunities that address the shortfalls.  These improvement opportunities, defined in section 3, "User Level Needs", provides a categorized list of specific needs of the design community from the perspective of the end users.  These needs address specific issues relating to the performance, capability, accuracy and interoperability of tools that are needed to support the design process and overcome many of the problems identified in the IPPD document.  In general they are vendor independent and may incorporate characteristics not addressed by the current definition of the MAFET Thrust 1 program due to schedule and funding constraints.  In that respect it is a "wish list" of desired capabilities and features that the user community feels is necessary to dramatically reduce MCA development cost and cycle times.

This Requirements Document also defines the specific improvement tasks to be implemented by the MAFET program as well as the metrics (speed, accuracy, etc.) to be used to measure the improvements.  These improvement tasks are defined in section 4. "Detailed Requirements.  The purpose of this section is to describe in sufficient detail the expected deliverables associated with each task.  This is necessary to ensure that the development satisfies the users needs, and minimizes the uncertainty and ambiguity associated with the expected and final outputs.

The benchmark document will define specific test cases to be used to measure the tool improvements relative to the metrics defined in the Requirements Document, as well as document the results of those test cases.  The test cases will be directed specifically at the tools and tool characteristics to be improved as part of the MAFET program.  Results of the initial benchmarks (MDE 0.0) will be used as a baseline reference for future comparisons and will also be used to further clarify and detail the Requirements Document.

As each phase of the tool enhancements is completed the benchmark test cases will be repeated and additional cases generated and run as necessary.  These benchmark results, along with any improved process enhancements, will be used to update the process models in the IPPD report.  The updated models will then provide an estimate of the average cost and cycle time associated with development of a new MCA were one to be developed using the new tools and procedures.  When compared to the baseline reference, it will provide a measure of success of the MAFET program relative to the high level 3X reduction goals.  Finally this information will be used to update the Requirements Document to support the next improvement phase. 

Appendix A consists of a table relating the process shortfalls identified in the IPPD document with the user needs and the specific MAFET Tasks defined in this document.

User Level Needs

The following paragraphs list CAE requirements needed by the MCA design community in order to substantially reduce the overall cost and cycle time associated with MCA development.  It is an attempt at a comprehensive list and is not restricted to MAFET Thrust 1 tasks.  Each item is categorized into one of the following three priorities which shows up at the end of each item (i.e. <1> ):

<1>	Critical to achieving a 3x reduction in MCA development cost and cycle time

<2>	Substantial impact to MCA level development cost and cycle time and needed to achieve further reductions beyond the initial 3x goal

<3>	Lower impact on overall MCA development cost and cycle time and/or provides more of a long term pay-off



Design Environment

A complete bi-directional framework-to-framework link allowing users to share design information across companies or organizations using different CAE systems <1>

Industry wide buy-in to ensure the feasibility and continuation of standards <1>

Published interface standards that allow 3rd party simulator suppliers to integrate their product into existing design environments, thus providing users more options and flexibility in configuring an overall CAE system that satisfies their needs <2>

Provide a macro capability that allows a user to easily automate often repeated multi-step sequences with a single key or menu selection.  The macros must be easily transportable between users. <2>

Provide a mechanism that allows the user to customize the environment in terms of the interface and the linking of external capabilities, preferably in an industry standard "language". <1>

Provide the capability to import external data into the graphics display for direct comparison with internal data.  An example would be to import measured data and overlay it onto the simulated results.  The system should support multiple input formats and/or allow user supplied translators to be linked in, after which the translation is transparent to the user. <3>

Multiple platform support (i.e. SUN, HP, PC, MAC) <3>

Provide support for external design archival capability (configuration management and version control) <3>

Design Capture

Complete library of standard schematic symbols <2>

Universal, simulator-independent symbol representation <3>

Link directly to layout library <1>

Automatic (but user controllable) back-annotation; change in one window shall be automatically linked to another window of different design representation (e.g. linking layout and schematic windows) <1>

Linkage between different representation windows shall be bi-directional <1>

Provide a hierarchical structure such that portions of a design (partitioned as sub-networks) can be easily moved and inserted into another design without having to change anything within the sub-network. <1>

Provide for "global" variable definitions that can be defined in a network (at any level), that would be applicable to that network and all levels below it. <3>

Support capability to add electronic "notes" anywhere in the layout or schematic that contain text.  These could be used to document or provide design rationale for specific design features.  The notes would be associated with the design but not impact any other functionality. <3>

Schematic symbols shall include active and passive components for MCA design <2>

Provide configuration management and version control for work in progress <3>

A common library format to translate any MCA/MMIC design layout from one foundry to other.  <1>

Layout

Include advanced layout features for microwave distributed components such as measuring angles, angle rotation, line length calculation, etc. <2>

Improve layout edit capability such as a copy function.  A warning should be flagged whenever name conflicts occur such as copying a subnetwork of the same name between designs, etc. <2>

Add support to allow a portion of a trace to be moved and/or "adjusted" (stretched, add/remove bends, etc.) without affecting the rest of the trace. <1>

Allow a component footprint to be moved with minimal impact to connecting traces.  The traces should either be fixed with a "wire" indicating the connection, thus allowing the user to manually fix, or should "move" with the footprint by stretching and bending the connecting traces as necessary. <1>

Auto routing feature in MCA and MMIC layout that can interface with user selected circuit simulators <2>

Capability for multiple "undos" and "redos" <1>

User versatility comparable to the features of leading CAD packages <1>

Enhance overall design layout capability to support a 10x productivity improvement <1>

Include capability to capture all information required for transfer to simulators or 3D mechanical tools, such as component heights, component material, dielectric constant (including loss tangent), conductor thickness, etc. <1>

Element Representation

All reference libraries be dynamically generated to allow for a single parametrically generated representation instead of a series of fixed artworks for each possible case. <2>

Layout elements should be linked to a corresponding model in a model database to support simulation directly from layout <1>

Capability to initiate an external simulation such as an EM simulation of a passive element structure <1>

Support the complete set of circuit simulator elements, including the capability to relate to user-defined, custom elements <1>

User Features/Functionality

Provide a team work environment with capability for multiple people to work on a design, track status, promote or demote tasks, etc. <2>

Full capability of interfacing with simulators including tuning, probing, etc. without significant performance degradation <1>

Design Rule Checking (DRC) Requirements

Accept angled transmission lines and rotation of components <1>

Support both batch and interactive (assisted) modes of operation. <1>

Easily incorporate company specific guidelines (such as manufacturing and fabrication guidelines, etc.) <1>

Address microwave layout issues including:

Lengths of bond wire interconnects <1>

Proximity of RF lines, independently from bias/control lines <1>

Minimum line dimensions and spacing <1>

Maximum line lengths <1>

Maximum lengths of parallel lines <1>

Relative sizes of components, component pads, and adjacent lines <1>

Minimum bond pad dimensions <1>

Placement and format of assembly alignment structures <2>

Electrical Rule Checking (ERC) Requirements

Verify maximum nodal voltages do not exceed defined thresholds <2>

Verify maximum current densities of traces, distributed elements, and thin/thick film components <2>

Identify floating (unconnected) nodes <1>

Verify minimum impedance between bias supplies and between bias supplies and ground <2>

Identify excessive coupling (user defined) between traces, components, and/or package walls/lid <1>

Layout versus Schematic (LVS) Requirements

Verify the layout connectivity is the same as the schematic <1>

Check for distributed line length, width <1>

Capability to verify passive component characteristics such as dimensions for resistors, areas for capacitors, number of turns for inductors, and total peripherals for active devices <1>

Provide visual aids to identify LVS error; e.g. once the error is being pointed at, all elements between two adjacent  nodes are highlighted. <1>

Schematic

Library should be completely compatible with current versions of available simulation tools.  The simulator interface shall interpret for each simulator selected. <1>

Provide generic templates for building both linear and nonlinear custom models with options to identify different version models associated with the same device. <1>

Compatible with LVS net-listing for both CVDL or SPICE Deck formats. <2>

Real time link to layout, and update changes simultaneously <3>

Provide capability to automatically update wire interconnects between symbols such that the lines are consistently and "readably" routed. (i.e. auto-router for interconnects between symbols) <2>

Provide capabilities to "alter" design views to support different forms of documentation and/or presentations.  For example, allow a transmission line to be viewed either as a series of elements (lines, bends, etc.) or as a single line of equivalent length.  This would be a display function only and would not effect the simulation. <3>

Synthesis Needs

Capable of synthesizing elements by specifying values, and design rules <3>

Generate distributed elements automatically, such as transmission lines with multiple bends and meander lines <2>

Design Re-Use Needs

Database to archive all designs and the documentation describing these designs <2>

The database shall include circuit layout, schematic, and netlist of each circuit/component with design history documented <2>

A menu driven database tool such that the user will be able to specify requirements and query a database.  A list of designs meeting query criteria will be returned. <2>

All designs in the database shall be capable of seamless import into upgraded versions of the software <2>

Provide support to capture design rational decisions, and to link it to specific portions of the design to which it applies <2>

Provide support for user definable and configurable libraries with search capability <2>

Provide data management and version control support for complete and partial (subnetworks or subassemblies) designs to enable assembly reuse libraries <2>

Design capture tools must support hierarchical design structures and allow subnetworks to be archived separately and/or easily copied into other independent designs and preserve the original hierarchical characteristics <2>

Standard Interfaces

This section on standard interfaces includes all tool to tool links as well as links between the design tools and the associated manufacturing systems.

Simulation Interface

Common socket for access to any supplier's simulator from within any design environment <2>

Ability to simulate from physical layout with a choice of simulator <2>

Efficient link between design environment and simulators with high throughput and interactive simulation from design representation <2>

Provide a standard interface for specialty and/or small suppliers to integrate their product into a large environment <3>

Provide designers with a choice of simulator best suited for a particular application, however all simulators should be available for selection <2>

Eliminate multiple translator problem for simulator supplier and designer <1>

If multiple simulation engines are required, the selection of which simulation engine to use for a particular model element in a design should be transparent to the user. <2>

A common format to transfer data from any circuit simulator to any layout design tool and vice versa <1>

Design Tool Interoperability

Provide complete bi-directional framework-to-framework link allowing editable designs to be moved from one environment to another in order to support collaboration and transfer of designs between organizations and companies <1>

Industry wide buy-in to ensure feasibility and continued interoperability <1>

Provide user with choice of design environment and simulator <1>

An easy and friendly way to transfer the physical topology and the necessary physical parameters from multi-layer MCA/MMIC layout to user selected EM simulators and vice versa. <1>

Design to Manufacturing Interfaces

Electronic link between the layout tool to Electron Beam Lithography (EBL) machine that allows layout information to be submitted without manual translations. <2>

Provide interface to link layout tool to mask stepper; i.e. all information needed for the stepper operation shall be transferred from the layout tool through an electronic link without manual translations <2>

Establish interface with automated assembly line.  All design information should be available to the automated assembly machine through an electronic link without manual translations. <2>

Provide a bi-directional link to test (requirements and expected results to test, measured results in a simulator compatible format from test) <3>

Links to Mechanical 3-D Tools

Establish a direct two way link between 3-D mechanical tools (i.e. ProEngineer) and electrical design tools including both layout tool and simulators. <1>

The linkage  should be capable of transferring any dimension change as a result of optimization of electrical performance, back to mechanical tool. <2>

Direct link between mechanical and thermal analysis tools for transfer of relevant information without additional manual steps and translations <1>

Links should be capable of transferring any material properties or fabrication constraints from the mechanical tools to the electrical simulators <2>

Test Interfaces

Capture test information such as test types, and test parameters during design process and deliver to test engineer electronically <3>

Automated generation of test plan <3>

Present simulation results or expected performance to test engineer <3>

Provide layout information such as probe pad locations, wafer map, etc. to test area electronically <2>

Links to Documentation/Data Management System

Capture all design information and design history into design database <1>

Provide capability to export portions of design (layout, schematic, etc.) to common office presentation package formats. <2>

Automatic configuration management and version control including work in progress and archival storage, as well as direct links and support for reuse libraries <3>

Capability to create and manage electronic engineering change notices <2>

Automate design/layout information document to:

Publishing <3>

Manufacturing <1>

Vendors/suppliers/foundries <1>

A robust database to store design, layout, and test information <3>

Circuit/Behavioral Simulation

MAFET terminology defines circuit simulation as consisting of a simulation of a combination of low level elements (transmission lines, resistors, capacitors, transistors, diodes, etc.) while behavioral simulation is performed at the subsystem/system level where the design being simulated is comprised of higher level elements (amplifiers, mixers, filters, etc.).  Mixed level simulation implies the design consists of a combination of both low level and high level elements which are simulated simultaneously.

User setup Features/Operation Needs

Customization of Menus and Features <2>

Provide a "script" or macro capability to allow fully automated analysis. <2>

Allow users to add customized icons and schematic symbols <1>

Retain user defined settings from one session to another <2>

Provide netlist design entry edit capability <2>

Examples

The following are examples of circuits and subsystems that typically require simulation.  Each example includes a set of parameters and/or characteristics that need to be simulated for that type of device.  The list is representative of typical requirements and may not be complete.

Matching networks

S-parameters

Single-stage amplifiers (low-noise, variable gain, power)

Input/output VSWR

S-parameters (includes gain and reverse isolation)

Noise figure

2nd and 3rd order intercept points (IP2/3)

Pout/pin including 1dB compression point

Stability

Dynamic range

DC bias currents

Power Added Efficiency (PAE)

Mixers

VSWR

Conversion gain(loss)

Noise figure

IP2/3

Conversion gain vs. LO drive

Port-to-port isolations

Spurious/Intermodulation

Dynamic range

Frequency multipliers

Input/output VSWR

Conversion gain (loss)

Pout/Pin

Dynamic range

Fundamental/harmonic suppressions

Stability (for active multipliers)

Attenuators

S-parameters vs. state (includes input/output VSWR, forward and reverse insertion loss, etc.)

Peak, average and RMS errors

Phase shifters

S-parameters vs. phase state (includes input/output VSWR, Insertion loss, phase shift, etc.)

Peak, average and RMS errors

Filters

S-parameters (for both in and out of band responses)

Multiple-stage amplifiers of all types

Input/output VSWR

S-parameters (includes gain and reverse isolation)

Noise figure

2nd and 3rd order intercept points (IP2/3)

Pout/pin including 1dB compression point

Stability (including inter-stage stability analysis)

Dynamic range

DC bias currents

Power Added Efficiency (PAE)

T/R modules

S-parameters (including input/output VSWR, gain, etc)

Noise figure

2nd and 3rd order intercept points (IP2/3)

Pout/pin including 1dB compression point

Dynamic range

Port-to-port isolations

Spurs

DC bias currents

Power Added Efficiency (PAE)

Peak, average and RMS errors

Receivers

Input/output VSWR

Noise figure

Gain

2nd and 3rd order intercept points (IP2/3)

Port-to-port isolations

Spurious

Active-array sub-systems / antennas

Input impedance/VSWR

Radiation patterns

Active-array radar systems

Satellite signal paths

Cellular phones

Pagers

Mixers/upconverters/downconverters

Input/output VSWR

Noise figure

Conversion gain

2nd and 3rd order intercept points (IP2/3)

Port-to-port isolations

Spurious

Dynamic range

Modulator/demodulator

Frequency sources (VCO, oscillators)

Output frequency

Tuning range

Output power vs. frequency

Phase noise

Frequency stability

Couplers/Lange couplers

S-parameters

Switches

Input/output VSWR for each state

Insertion loss

Phase shift for all paths

Isolation between unselected ports

Power dividers/combiners

Input/output VSWR

Insertion loss

Isolation between output/input ports

Required Capabilities

Efficient use of EM simulation-based tabular-format passive elements <1>

Efficient and accurate handling of non-linear, load-sensitive active devices (gain, power, noise, harmonic, etc. parameters) <1>

Interface to layout system or database to ensure layout vs. simulation accuracy <1>

Dissipated power / efficiency analysis (including all dc sources and RF power) <1>

Ability to run hierarchical simulation with multiple levels of model abstraction simultaneously <1>

Interactive optimization (dynamically tunable error computation parameters) <2>

Mixed signal (digital) capability to ensure compatibility of control logic circuits <2>

Design of Experiment (DOE) features <1>

Statistical tolerance analysis <1>

Support both time and frequency domain simulations. <1>

Support complex modulation signals as well as modulated bias voltages. <2>

Provide an interactive, manual "tune" capability <1>

Provide ability to access simulation results of internal subnetworks based on a single high level simulation.  For example, provide the s-parameters of an interstage matching network while optimizing the overall amplifier performance. <1>

Provide the ability to optimize a circuit/behavioral simulation relative to an "executable" specification.  The simulator should also support generation of "executable" specifications for the sub-assemblies or components that make up the design. (Requirement flow-down) <2>

Provide capability to create a "simplified", but accurate model representation that encompasses the desired performance for analysis at the next higher assembly (Capability flow-up) <2>

Provide an operator controlled "switch" associated with each element such that a "linearized" representation of a non-linear model could be used for elements that are not critical to a specific simulation. <2>

Support automatic "alignment or tuning" of specific element parameters, based on a user supplied algorithm, during statistical analysis <1>

Provide capability to automate checking of stability for multi-stage amplifier and entire MCA assemblies <1>

Circuit/Behavioral Speed and Accuracy Requirements

Simulation accuracy less than 1 sigma of the current manufacturing capability for the technology and  performance characteristic being simulated <1>

Less than 1 second simulation time for analysis of any type of circuit / sub-system with adequate accuracy (10%) for trade studies involving first order parameters <1>

Performance improvements required to support statistical non-linear analysis of significantly larger assemblies. (A multi-chip MCA with one full MMIC circuit model and other simpler behavioral models with 500 iterations up to 6 dB of gain compression in less than 15 minutes.) <1>

Improve speed by 100X, based on benchmark results with equivalent or improved accuracy. <1>

Provide capability to trade simulation speed for accuracy. <1>

Portability of Output Results

Output formats compatible with common office spreadsheet programs <2>

 Standard ASCII output with an industry accepted format <2>

Graphical outputs compatible with common office word processing and presentation programs without multiple translations (imports) <2>

Interface to user developed post processing programs to calculate all specification sheet parameters <2>

Results Display Needs

User-definable x and y axes and overlay charts to simplify complex trade studies (e.g. power vs. efficiency) <2>

Power spectrum output for mixer simulations where spectral lines are identified by the intermod product that produced it (N x M x P ...) <2>

Ability to summarize many raw simulations to calculate performance margins relative to each specification parameter as well as an overall performance metric such as defects per unit (dpu) - (i.e. six sigma scorecard) <2>

EM Simulation

Planar

Planar simulators are used to analyze single or multi-layered structures that do not employ electrically-long layer-to-layer interconnections.  This class of simulators allows full current variation in two dimensions, but assumes that current flow from one layer to the next is constant with respect to the third dimension.  Sonnet em, Compact Explorer, and HP Momentum are examples of planar electromagnetic simulators.

In order to meet the program goals, users will need to be able to use planar EM simulators on larger and more disparate structures than is presently possible.  The simulation of an entire MMIC, in a reasonable amount of time, (perhaps an order of magnitude more time than presently required for the corresponding circuit simulation) will be required.  Efficient simulation of all types of structures, including those containing non-square geometry's and/or a predominance of metalization, such as coplanar waveguide, will be a necessity.

Design Capture

Simple, intuitive direct entry of geometric and physical parameters. <1>

Complete parametric design representation <1>

Capture of electrical material parameters from materials database <2>

Import from and export to common layout tools without the need for re-entry of existing information <1>

De-embedding of vias from ground plane ports <1>

Speed/Accuracy/ Capabilities

Single frequency analysis times fast enough (< 1 sec) to be launched from circuit simulation without inconvenient loss of circuit simulation speed <1>

Simulation accuracy less than 1 sigma of the current manufacturing capability for the technology and performance characteristic being simulated <1>

Provide ability to specify (relative?) accuracy levels to allow operator trade-off between simulation speed and accuracy. <1>

Improve simulation speed by 1000x relative to initial benchmark results with equivalent or improved accuracy. <1>

Example Structures

Bends, mitres, tees

Microstrip, coplanar waveguide (grounded and ungrounded), stripline structures

Thin-film and thick-film lines

Lossless and lossy structures

Passivated transmission lines

Coupled lines

Airbridges

Electrically short vias

Spirals

Lange couplers

Patch antennas

Vertical transitions in planar, multi-layer media

Entire matching networks

Circulators / ferrite devices

Active device manifolds

Entire MMICs (with equivalent circuit, perhaps lumped element, representation of active devices)

Results Display

S-parameters in linear and logarithmic scales <1>

Smith charts <1>

Radiation patterns <3>

Field intensity and direction plots in one and two dimensions, both static and dynamic (animated) with respect to excitation phase <2>

Numerical results of field/current intensity and radiation patterns <1>

VSWR displays <1>

Links to other Tools

Links to common layout and circuit simulation tools <1>

Links to common physical design tools ( 2D mechanical and 3D solids modeling) <1>

Dynamic link to circuit simulation tools that allow the simulation to initiate the EM analysis and automatically incorporate the EM results into the circuit simulation. <2>

Full 3D

Full 3D electromagnetic simulators can analyze any passive structure, given adequate time and computing resources.  No approximations are inherent - solutions are based directly on Maxwell’s equations.  Ansoft Eminence and HP HFSS are examples of full 3D simulators.

The ultimate in usefulness would be the capability to analyze an entire MCA using a full 3D simulator.  Presently, the computing resources required prohibit a full MCA simulation.  The presence of active devices also prevents a full MCA simulation with today’s simulators.  Elimination of these two shortcomings, with particular emphasis on the former, will significantly reduce the number of iterations required for MCA design.

Design Capture

Simple, intuitive direct entry of geometric and physical parameters <1>

Completely parametric design representation <1>

Capture of electrical material parameters from materials database <2>

Import from and export to common layout tools without the need for re-entry of existing information <1>

Import from existing mechanical design tools without the need for re-entry of existing information <1>

Speed/Accuracy/Capability

Single frequency analysis times fast enough (< 1 sec) to be launched from circuit simulation without inconvenient loss of circuit simulation speed <1>

Simulation accuracy less than 1 sigma of the current manufacturing capability for the technology and performance characteristic being simulated <1>

Provide ability to specify (relative?) accuracy levels to allow operator trade-off between speed and accuracy. <1>

Improve simulation speed by 1000x relative to initial benchmark results with the same accuracy. <1>

Example Structures

Wire bonds

Fuzz-buttons

Waveguides

Waveguide to coax transitions

Waveguide to microstrip transitions

Horn antennas

Vertical transitions in multi-layer media

Circulators / ferrite devices

Package interconnects

Interconnects between structures

Package isolation/resonance's

Entire MCA’s (with equivalent circuit representation of active devices)

Results Display

S-parameters in linear and logarithmic scales <1>

Smith charts and VSWR plots <1>

Radiation patterns <3>

Field intensity and direction plots in one and two dimensions, both static and dynamic (animated) with respect to excitation phase <2>

VSWR displays <1>

Links to other Tools

Links to common layout tools <1>

Links to common physical design tools ( 2D mechanical and 3D solids modeling) <1>

Dynamic link to circuit simulation tools that allow the simulation to initiate the EM analysis and automatically incorporate the EM results into the circuit simulation. <2>

Modeling and Modeling Tools

Behavioral

Behavioral models correspond to a representation of design elements at a higher level of abstraction than is typically considered at the circuit level.  For example, MMIC amplifier may consist of multiple active devices as well as many passive circuit elements.  A behavioral model of such an amplifier would consist of a single element, the amplifier.  Likewise, an MCA may be comprised of multiple amplifiers, phase shifters, etc. which could be represented as a single model.  This MCA model, as well as increasingly more complex system block models are all considered to be "behavioral" models.  Therefore, behavioral models can be considered to describe all hierarchical design elements above the basic circuit elements such as resistors, capacitors, transistors, etc.

One characteristic of behavioral models is that they are parameterized at the appropriate level of abstraction for that model.  For example, an amplifier might have parameters such as gain, noise figure, and compression point; characteristics normally specified for an amplifier.

Model Capability Needs

Support specification of non-linear characteristics such as power compression, harmonics, and intermodulation products. <1>

Models that support measured data as an input (linear and non-linear) <1>

Models must be comprehensive and simulate all significant characteristics of the element being modeled simultaneously (RF and DC). <1>

Support both time and frequency domain characteristics in the same model.  (The model could be implemented in multiple parts, however it should be representable to the user as a single entity.) <1>

Support effects of temperature on electrical performance. <1>

Models that accurately respond to both CW and complex modulated inputs. <1>

Include parameters that are intuitive for the element being represented. <1>

Models should support statistical analysis and preserve correlations between the specified parameters. <1>

Statistical measurement based models. <1>

Table based models that provide the option of loading the entire table into memory for maximum performance, or to read table entries from a file on an as needed basis to minimize memory usage. <2>

Speed / Accuracy

Simulation accuracy within 1 sigma of the current manufacturing capability for the technology and performance characteristic being simulated <1>

Simulation speed advantage of 100x relative to a corresponding model comprised of elements at the next lower level of hierarchy <1>

Model Generation

Capability to generate behavioral models based on lower level simulation results. <1>

Capability to generate behavioral models based on measured results. <1>

Model generator that determines correlations between model parameters for statistical data sets and is capable of generating a statistical, non-linear model. <1>

Active Devices

Model Capability Needs

Present day active device models need several enhancements in the areas of large signal operation, non-linearities, etc., especially at mm-wave frequencies.  These needs are listed below:

Improved non-linear MESFET, HEMT and HBT models that accurately predict RF performance, especially into the mm-wave range <1>

Active device large signal models are required that will accurately predict bias dependence, harmonic power, third order intermodulation products, be layout sensitive, be small signal consistent, etc. <1>

Models that can be accurately scaled over a 5:1 range of device sizes <1>

Active device models are required that unify all aspects of MMIC design specifications <1>

Develop and implement statistical device models for design centering and yield enhancement <1>

Develop an enhanced physics based model that will establish a connection between material, geometric and process parameters and device equivalent circuit parameters <1>

Incorporate user defined active device models in circuit design simulators <1>

Capability to support large signal stability analysis with circuit/behavioral simulation <1>

A unified element model for both linear and non-linear simulation without any discontinuity in the model <1>

Speed / Accuracy

In addressing active device model needs accuracy is currently more of an issue than speed.  For example, while current large signal PHEMT models have exhibited reasonably good agreement with measured data under class A and class AB conditions, accuracy is poorer under class B and F conditions where harmonic terms are more significant.  This stems from a limited understanding of the existing PHEMT model's ability to predict harmonic power. <1>

With regard to large signal statistical device models, speed becomes more critical since such models will be used with Monte Carlo analysis during the circuit design effort to simulate RF performance variation due to process variation.  Since Monte Carlo analysis is a computer-intensive operation, especially when run in conjunction with non-linear simulation (needed for large signal analysis), speed becomes relatively more important.  In general, however, model accuracy should be within 1 sigma of the current manufacturing capability for the technology and performance characteristic being simulated. <1>

Model Generation

Present-day model extraction tools have limited capability.  Automated model extraction from test data is desired.  This tool should generate test procedures and device models.  There is a need to improve data collection from a given MAFET foundry and in addition to co-ordinate collection from all the MAFET foundries and set up a neutral database format.  This is necessary for the automated model extraction techniques to be universally applicable.  Also statistical process variations need to be taken into account in extracting models representative of the "technological mean" device, along with its manufacturing variation. <1>

Passive Circuit Elements

Model Capability Needs

Passive device modeling represents a critical aspect in the design of many system components, such as amplifiers, oscillators , mixers, phase shifters etc.  Although several passive circuit models and modeling tools are available today, many deficiencies still need to be addressed. Some of these deficiencies are:

Frequency range of validity of all passive models (namely transmission lines and discontinuities) should be increased to 100 GHz.  Models with stated regions of validity are acceptable. <1>

Increase the valid range of dielectric constant to at least 40 <1>

Improved via hole, spiral inductor, interconnect models are required <1>

Metal thickness dependence commensurate with line widths should be incorporated in passive models <1>

Temperature dependence of all passive components should be included in models <1>

Include effect of localized heating resulting from high current densities in transmission line component models <2>

Develop, improve passive component models for 3-D structures (multi-layered) <1>

MMIC structures (inductors, capacitors) which include effects of passivation layers <1>

Develop accurate package models (plastics, ceramics, transitions) <1>

Provide for libraries of elements for all commonly used transmission line types, including coplanar waveguide (grounded and ungrounded) <1>

Speed / Accuracy 

Accuracy within 1 sigma of the current manufacturing capability for the technology and characteristic being modeled over the entire frequency range of the models, including mm-wave. <1>

Passive model generators capable of generating a new library of elements based on a novel technology within 1 week. <1>

Model Generation

A large number of models must to be measured and validated against simulated data from passive model generators.  Automated model and equivalent circuit extraction from test data is required.  The models developed and validated should be incorporated into a library for MMIC and MCA design. <1>

Model Portability

As a minimum, the functionality of a model should be easily ported between simulators without needing detailed knowledge of the internal operation of the simulator. <1>

Better is a common "language" for generation of a model, which then only has to be recompiled to work with another simulator. <2>

Best is a binary common model format that can be dynamically linked into any simulator. <3>

The models should contain the functionality to support all simulation engines likely to be used, such that the user does not have to swap models as a function of the simulation to be performed. <1>

Other Analysis Needs

The scope of MAFET will address many, but not all, of the MCA designer's analysis and integration needs.  The objectives proposed in MAFET are a major step forward in the right direction, however, a few more steps will be needed to complete the journey.  The items listed below address some of the additional user needs for MCA design.  As is the case with electrical models, the models existing for the items to follow need improvement in accuracy, speed and portability/integration  with other tools. Each category addresses some of the additional items on the user's wish list that would further contribute to robust MCA design and reduced cycle time.  

Thermal

Predict IC and MMIC junction temperatures over required operational temperature range. <1>

Understand boundary conditions and material properties all the way down to the gate metal thickness of a MMIC. <1>

Determine "hotspots" and thermal spreading effects. <1>

Predict thermal mismatch between different materials. <1>

Incorporate "true" device temperatures (at a given operating temperature) into circuit simulations to more accurately predict electrical performance. <2>

Improve or develop models for interface items such as test fixtures, cables, and connectors. <3>

Develop the capability to simulate dynamic operating conditions as well as steady state. <1>

Decrease simulation time by 2.5x (5 days to 2 days) for steady state analysis and 5x (10� days to 2 days) for a more complete analysis that includes some dynamic effects . <1>

Couple the thermal and electrical simulations/analyses such that performance estimates take into account the cause and effect relationship between the two. <2>

Structural

Decrease simulation time for individual items from up to 4 weeks down to 2 days. <1>

Individually model the housing, connectors, cables, ICs, MMICs, piece parts, etc., under the required operating conditions such as mechanical shock, vibration, temperature cycling, altitude and acceleration. <1>

Develop a better understanding of material properties and boundary conditions. <1>

Cost/Manufacturability

Quickly and accurately identify cost and yield drivers. <1>

Incorporate manufacturing design guidelines into layout tools. <1>

Set realistic cost goals early in the program. <1>

Document historical data and use it to develop cost and manufacturing models. <1>

Incorporate and develop the flexibility to predict cost as a function of MCA/subsystem performance requirements, production rates and quantity, and technology used. <1>

Bring Design to Cost (DTC) estimating down to the design engineer level such that "experts" are not required to perform estimates and analyses. <1>

Accurately predict the cost impact associated with making tradeoffs between performance and manufacturing guideline. <1>

Accurately predict MCA yields and design margins. <1>

Reliability

Accurately predict Mean Time Between Failures (MTBF) or use proven calculations/rules to ensure adequate MTBF. <1>

 Predict MTBF drivers and associated corrective action. <2>

Develop practical derating requirements. <2>

Predict effects of failure modes. <3>

Incorporate practical environmental stress screening (ESS) and handling requirements <2>

Requirements Traceability

Create methodology for relating individual MCA requirements to background justification and previous statistical data <2>

Correlate actual or predicted performance and margin to individual specifications <1>

Track yield drivers and address ways to correct or minimize impact <1>

Develop the capability to trace requirements through multiple levels of hierarchy. <2>

Management

MCA designers and managers should work closely together on cost and schedule from the proposal stage through program completion. <1>

Link cost and schedule management tools to yield and design margin prediction tools <2>

Detailed Requirements

The following sections define the detailed requirements for the specific tasks to be executed on the MAFET Thrust 1 program.  They are mainly from the users perspective and define the expected result once the task is complete.  The sections are arranged by functional area first (Design Environment, Simulation, EM Simulation and Modeling), followed by company, and finally individual company tasks.  A few tasks (OASIS, IFF, and Neutral Models) involve multiple CAE companies and are defined directly under the associated functional area.

Design Environment

The design environment area covers design capture (schematic and layout) as well as tool to tool linkages.

OASIS (Open Analog Simulator Integration Socket)

The design environment for the MAFET program requires a mixed-signal, mixed-level environment for both simulation and physical design tools.  It needs to provide a common interface to a broad range of these tools.  Under the MAFET program, Compact SoftwareÕs Microwave Harmonica has been funded for integrating into CadenceÕs design environment via OASIS.

The Open Analog Simulator Integration Socket (OASIS)  will be a set of documented standard procedural interfaces (PIs) that will save time and effort in the integration of simulators with design environments.  Once a simulator has implemented the OASIS PIs,  it may be integrated with any suitable environment that provides the OASIS socket. Once the OASIS PIs are added to an environment, then all simulators using these PIs will be able to plug and play in that environment.

Today's OASIS reflects CadenceÕs initial effort to formalize analog simulator interfaces for the Analog Artist environment and represents a significant investment by Cadence prior to the MAFET program.  In relation to the ideas presented for the MAFET program, it is very limited but is a good working prototype of the concept.  It is suitable for a single environment only and a number of laborious integration tasks are not automated. It has focused mainly on the requirements of efficient Spice simulation but also provides integration to RF and MW Simulators. The formalized procedural interface which Cadence has developed for current OASIS, however, has provided a substantial improvement over the haphazard way the simulators had been integrated in the past, and has validated key concepts of analog simulator integration.

Problem Statement

There has been increasing focus on interfaces between CAE environments and third-party simulators in recent years. Today  each integration of a simulator with a design tool environment is a tailored effort.   Some problems have become apparent:

Considerable expert personnel is required to implement interfaces.  Due to a the large up-front effort required, only a limited the number of simulators are available in these frameworks.

Lack of coordination of environment and simulator product releases often means designers have to wait for upgrades to both before new capabilities are available.

Interfaces typically mask unique simulator capabilities.

Task Description

The OASIS effort consists of four main tasks.

Netlist (WBS #AAJW)

This task is to develop mechanisms for producing circuit descriptions in each simulatorÕs language using the simulatorÕs set of primitive elements.

Currently, the netlist that describes the circuit to the simulator is generated from the environment database.  This is by far the most substantial part of the integration task.  The OASIS netlister will handle simulator-specific data handling subtleties transparent to the designer.

Simulator Primitive Element Description

A standard mechanism for defining the primitive elements that a simulator supports will be developed.  This will make the use of more than one simulator from multiple vendors practical. 

The definitions of many primitive circuit elements differ between simulators, and today this typically limits designers to using one engine.   Each circuit simulator has a limited number of primitives that it supports.  Examples of primitives are a resistor, a capacitor, and a transmission line.  It is the responsibility of the simulator vendor to provide this description in a (standard) proper form.  The description contains all aspects of the component, except of course, the actual behavior.  This is proprietary to the simulator.

Primitive Libraries

From the primitives descriptions for each simulator, a library or libraries containing the combined set of circuit elements is built allowing designs that reference these libraries to be simulated with any simulators.

These libraries of the design environment contain the simulator primitives and are shared across all simulators.  This ensures that any design in the environment can be simulated by the simulators without changing the design.   

Simulator Control (WBS #AAJX)

This task addresses the development of the mechanisms for controlling the simulator and monitoring progress expressed through OASIS procedure calls.  Full control of the engine will be provided through the design environment.

Simulation Types

This subtask specifies how each of the many different analysis methods is described to OASIS so that all capabilities are available within the design environment.  A particular analysis may have different capabilities in different simulators.  The first goal of the design environment will be to fully cover these capabilities, rather than compensate for shortcomings of a particular simulator.

Tuning

An important aspect of microwave CAD design is the ability to manually tune a design.  The purpose of this subtask is to develop the capability for OASIS to permit fast tuning, roughly comparable to what can be done in closed environments.  This will allow the designer to interactively tune, sweep, and optimize any parameter of any element, in addition to global variables like temperature.

Data Access (WBS #AAJY)

The purpose of this task is to develop the ability for OASIS to recognize and utilize the different data formats from different tools and to handle messages.

The current method in dealing with the access of the simulation data generated is limited.  The simulator writes its data in its own proprietary format.  The environment either accepts that, or translates the simulator data to its own form.  After this processing step, it is stored, managed and presented to the designer by the environment.  The level of data exchange between the environment and the simulator at the waveform level is limited.

Currently, the handling of messages between the simulators and environments is not consistent.  The messages are provided in a different form by each simulator, and the processing of the message depends on the environment. 

Standards Efforts (WBS #AAJZ)

This is an effort by Cadence to provide OASIS PIs to standards groups, provide assistance for simulator integrators, and generate and provide integration document.

OASIS Specification

A draft OASIS Specification will be written and be distributed to the MAFET team for review.   Cadence will receive written comments, queries and recommendations in reply.  After evaluation and analysis of this feedback (and as needed, some one-to-one dialog), Cadence will modify the specification and provide it to the team as a deliverable milestone.

Standard Activities

Cadence will provide OASIS PIs to standards groups.  The following practices which Cadence intends to follow for OASIS, increase the potential that a standard will be broadly adopted:

Develop a working implementation in a limited number of tools, then focus on populating the matrix with other tools once the value is demonstrated 

Implementation precedes adoption

Must provide performance

Must be market driven, provide benefits to users and vendors

Focused scope (not everything to everyone)

Integration Assistance

This subtask will provide third party integration assistance and validation of OASIS PIs.    Simulator integrators will be provided with Integration Guides to OASIS and a starting template.  There will be a charge to each of these customers/vendors for the support that is provided to assist them and commercial vendors are expected to be CadenceÕs Connections partners.

Field Solver Integration

This subtask will be an initial effort at integrating  EM simulators into environments for use with OASIS.   Additional refinements will be invested by Cadence outside of the MAFET program due to commercial interest in this capability.

Functionality

Cadence will implement OASIS within its environment.  At the same time, Cadence will define the set of OASIS interfaces which will be standardized.  These interface protocols may be implemented in other environments which will then be able to access simulators using these protocols.  The requirements below are preliminary and will developed in detail over the first 9 months of the program.   More detail will come from user interactions and feedback. 

Capability not provided by OASIS:

Backplane (to link two or more simulators together)  Environments with backplane technology are not excluded from using OASIS; however, OASIS does not provide a backplane

Thermal simulators (The focus of OASIS is circuit simulation.  A number of thermal parameters may be referenced using OASIS for the purpose of circuit simulation.  OASIS does not provide a socket for thermal simulators)

Mechanical data (It does not provide a standard for mechanical data.  Parameters pertaining to mechanical quantities required for circuit simulation will be supported.)

General OASIS requirements:

It will allow plug and play of simulators in environments.

It must apply to all simulators for electronic circuits, those for analog, RF, and microwave circuits in particular.  This applies to commercially available simulators as well as proprietary simulators.

No ÒfilteringÓ of features of either the environment or the simulator is acceptable.  Differentiation of the user-interface for different simulators is allowed when necessary.

The integration of a simulator in an environment will be maintenance-free.

It will solve cross-release compatibility problems.

It will be extensible  -- no limitations on types of simulations, types of display, and so forth.

Existing standards will be used whenever possible.

Additional OASIS functionality:

Primitive element description -- Provide a standardized method for primitive element description.  The description will include:

The name of the component.

Information pertaining to the terminals.  It must be able to deal with a dynamic set of terminals for elements such as the n-port.

The list of parameters.  A dynamic set of parameters may also apply here.

Shared element library -- Provide a comprehensive shared element library, with elements transparently mapped to the simulator's description at run time.  So a single design database will simulate with all engines.  These libraries will include the following information:

Graphics information for the instantiation in schematics

Parameter information.  The parameters that are available on the library component, with the name, the prompt, the value type, etc.

Parameter mapping information.  This defines how the parameters on the schematic symbol map to the parameters of each simulator

Terminal information.

Current keep capability.  For each of the terminals, this specifies if a component can store the current on a terminal, or if the current can be calculated from other quantities.  For example, the current at the MINUS terminal of a resistor is the negative value of the current at its PLUS terminal.

Netlist data --  Include components for obtaining netlist data from the environment.

Simulation types -- Provide a way to register simulator capabilities that is independent of environments.  Simulator capabilities will include:

S-Parameter analysis

DC Sweep

Harmonic Balance analysis

Time Domain analysis

Tuning -  Provide capabilities for the designer to interactively tune, sweep, and optimize any parameter of any element, in addition to global variables like temperature.

Simulation Control - Include components for passing simulation control.  This will allow the environment to support the control of the simulators.

Data Access -  Provide the environment with the capability to manage and access simulator results.  This will include

Standard formats for simulation results and corresponding measurement data. 

The control of the display tool is defined, including items such as auto-update after a simulation is finished.

Simulation messages - Provide a standardize method for passing simulation messages.

Must allow a more consistent presentation of the status of the simulation activities and release-to-release consistency.

An environment must handle messages in consistent way.

Must work with the simulation controller to provide the status of a simulation. 

Should support highlighting the component involved in the design since a number of messages may involve actual components.

Integration Assistance - Support to simulator integrators should include:

The OASIS Integrator's Guide.

A Reference Manual

Some degree of e-mail/phone support to get started

Integration Example

Required Libraries - (Sun SPARCstation,  HP 9000/700, IBM RS6000)

Usability

The users for OASIS will be simulator developers (from both simulator vendor and user companies) who are integrating their simulator into an environment with OASIS already implemented.  This section will describe the use model for these integrators.

Getting starting - Obtain and load OASIS tape for the design environment. Create directory for project, etc.

Register the simulator in the environment

Provide simulator primitives descriptions to the environment, including defining parameters, default values, etc.

Use the netlister so it will generate the circuit description in a form suitable to the simulator.

Build the basic library for the simulator from the primitive libraries of the design environment.

Describe the simulatorÕs options and analyses (and defaults) capabilities to the environment.

Provide data access PIs to allow the environment access to data from different types of analyses.  Also provide control for display tools.

Change the way messages are produced by the simulator to comply with the OASIS standard way of handing messages and errors.   

The integrator must perform debugging and testing at appropriate steps.

For a designer or analyst,  he/she will use the OASIS compatible environment and simulator as if they were purchased as an integrated package.

Performance

To the designer or analyst, OASIS will not cause any performance problems.  The performance of a simulator integrated with an environment using OASIS will be the same as performance of an integration done using the current method.

One measurement for OASIS may be the time that  will take a user to integrate a simulator to an environment.  The following is an estimate:

Changing the environment using OASIS PIs :  2-12 weeks.  In most cases, a user can make the necessary changes to the environment in two weeks.  If there is a great deal of customization,  the integration might take as long as three months. 

Modifying the simulator to integrate into the environment:  5-14 weeks.

The effort to integrate a simulator will be reasonable.  Once the integration has been completed for one environment, the integration for another environment will require little or no additional effort.

Intermediate File Format (IFF) Linkage

IFF to Cadence Allegro

Problem Statement

User's have a problem in getting their design data into all of the CAE tools that are required to do their jobs. There are two basic problems that a user must overcome. The first is moving design data from one CAE tool to another. And the next is merging results from multiple CAE tools into a overall project design. Today there are only a few standardized procedures that deal with parts of this overall design problem. Where the standardized procedures fail to address a issue a manual process must be implemented and will normally increase cycle time and introduce error into the design process. The IFF specification provides a more accurate and complete procedure to address the user's design data transfer problem then any other set of design transfer procedures available today. 

The IFF interface was implemented to allow users to transfer their data between tools that support the IFF design transfer protocol . The IFF transfer protocol deals with the major problem areas that a user has to deal with today. It allows the user to transfer their design data from one tool to another. It also allows them to transfer design data from multiple design tools into a single design tool. Once the design data is in a single design tool each portion of the design can be merged into the completed overall design. The reverse sequence can also be used to allow project level design to begin in a single tool environment and then portions transferred to the specific tool for design implementation.

The IFF Cadence Allegro interface is proposed to allow users of the Allegro tool set to have access other CAE tools that support the IFF protocol including HP EEsof's High Frequency tool set. This implementation will provide a bi-directional schematic/symbol transfer and a uni-directional layout transfer into the Allegro PCB layout tool. The schematic design process can be started in any schematic capture system and then transferred to the tools where the next phase of the design process can be completed. The layout interface is used to take schematic data and produce a layout in another layout tool such as HP EEsof's Series IV Layout. Once that portion of the layout, called a "region", has been completed it is then transferred to Allegro PCB layout to be merged with other regions to generate a completed board ready for manufacturing.

Task Description

An Allegro Link will be created to HP EEsof’s IFF (WBS #AALA and AALC) to allow the layout designs from an HP proprietary solution to be merged into a Cadence Allegro layout.  In order to accomplish a board layout transfer, a schematic bi-directional transfer must be done first.  With both of these links, a layout design in a HP product can be successfully merged into the Cadence Allegro CAE tool.

The basic idea for the first phase is that the Allegro link will work in a manner that allows it to support RF design regions that are designed in the HP RF Layout environment. These regions will be transferred through the IFF interface to Allegro.  A red-line-review layer will be supported that allows the Allegro layout user to make suggestions, establish board outlines, and supply comments and suggested changes to the RF portion of the Allegro layout.  The changes will be made in the HP layout tool(s) and retransmitted back through the IFF interface to Allegro.

The basic flow is as follows:
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The dashed lines on the chart reflect the lack of support for hierarchy in the layout tool itself (Allegro).  To be specific the difference between the HP layout and most standard PCB systems is that our system is based on a logical hierarchical format where most high end PCB systems are based on a flattened physical format.  Therefore, when a design is returned from one of the PCB systems, it is flattened and no longer retains the links required to fully recompose them in our layout for backannotation to simulation.  This is an area of potential extension, but outside the scope of the current task timeframe and funding.

Functionality

Functionality of the Cadence Concept/Allegro Link

The RF design with simulation is accomplished using the HP design tools while the actual board level tool is the Cadence Allegro tool.  (An HP Ed layout tool will probably be the tool of choice for the layout of a RF/Microwave design.  The design will be then transferred to Allegro after its layout.)

Note that schematics can be directly entered into Concept because the schematic side of the link is fully bi-directional.

All simulations of the RF-properties associated with the HP design must be done in the HP environment.  E.g., for the first phase, if a schematic is entered into the Concept environment, in order to simulate it, it would be first necessary to transfer the design to an HP Schematic package via the IFF.

The lines shown above that are not solid reflect the idea that a full bi-directional layout transfer back to the HP environment is not supported.  All that is supported is the red-line review layer.  To be specific, the difference between the HP layout and most standard PCB systems is that our system is based on a logical hierarchical format where most high end PCB systems are based on a flattened physical format.  Therefore, when a design is returned from one of the PCB systems, it is flattened and no longer retains the links required to fully recompose them in our layout for backannotation to simulation.  This is an area of potential extension, but outside the scope of the current task window and funding.  We either need to adapt the IFF specification, or other PCB companies need to make modifications to their layout tools.

Since the link is using the IFF mechanism mentioned above, other schematic and layout packages that support IFF can also be used.  (i.e., HP Ed provides a link to the Mentor BoardStation environment.)

While other schematic & layout packages may be able to use this IFF mechanism, HP Ed  does not guarantee that packages other than HP and Cadence packages will work properly in the first phase.

Further qualifications for the behavior of the Allegro Interface:

Allegro will read the IFF and create a RF subcircuit within the Allegro database.  Only one RF subcircuit will be transferred with any given IFF file.  We will not accommodate the loading of several subcircuits within one IFF.  A subcircuit will consist of components and conductive material in the form of c-lines (if necessary), shapes and frectangles.

Graphical data on a markup layer (a.k.a. a "red-line" layer) will be passed back to the HP layout tool by way of an IFF generated on the Allegro side and read by the HP layout tool.  This data will act as a means of communicating some kind of request for a change back to the RF designer, asking for some kind of modification to the RF subcircuit.  The data transferred back to the HP layout tool will consist of text, lines & arcs, shapes and rectangles.  No intelligence is associated with these objects - they are intended to provide a visual message to the RF engineer.

A markup layer would be meaningless unless the tools could support the requested changes, therefore, Allegro must support the ability to replace an existing (placed) RF subcircuit with another.

A region must be generated around each RF subcircuit by the Allegro interface.  The region must protect the subcircuit from nearby conductive material.  Automatic tools (such as router, glossing) must avoid this region. 

Interactive tools must generate a DRC error if the region has been compromised by the addition of any conductive material (clines, vias, etc.) within the subcircuit's region.

The user must be able to connect the subcircuit to the rest of the design without getting a DRC violation.

HP Edits  Transfer the real conductive material parts as real components; ie. transmission lines, tees, bends, etc., will be transferred as real components, not just as etch masks.  This involves classifying RF entities into two categories - components and conductive material.  

Components:  The logical aspects of the components will be transferred to Concept via the IFF.  Thus, the logic for these components will be transferred to Allegro by way of Concept.  The physical aspects of the components (the Allegro symbol, the pins, the padstacks) will be transferred directly to Allegro by way of the IFF.

Conductive Material:  The second type of object (conductive material) will be transferred to Allegro through the IFF and will be modeled as connect-lines, shapes and filled-rectangles.  This information will bypass Concept.

Related Data:  In order to support the various functions of the HP-to-Allegro interface, other data must be passed into the Allegro system using the IFF file.

Layer stackup information - The RF subcircuit must be protected on several layers from the encroachment of neighboring conductive material caused by automatic and interactive tools.  The RF circuit must be protected on every layer down to the ground layer.  The ground layer provides enough of a shield such that no protection is needed below the ground layer.  Whether the subcircuit is to be protected on every layer down to ground, or on just the top ( or bottom layer) should be controlled through some type of parameter.

A subcircuit identifier - some unique identifier for each subcircuit must be passed to Allegro in the IFF.  The identifier will be attached to each entity that comprises the RF subcircuit. This identifier must be unique for each INSTANCE of the subcircuit.  This identifier will be used to replace an existing subcircuit with a modified version.  This identifier will also enable Allegro to output an entire subcircuit back to the HP layout tool for verification (future phase).

Some of the consideration in the link cover some of the inputs to Allegro.  These are:



� EMBED "ABCSnap" \* mergeformat  ���

Usability

The user will be able to design, simulate, and layout the RF/Microwave sections of a design with the HP Ed design tools and then merge the layouts into a Cadence environment.  Via this same mechanism, the user will also be able to transfer the design into other commercial CAD tools developed outside of the MAFET program.

Schematic designs will be fully bi-directional in that designs can be sent to and from Cadence’s Concept.  Because of HP’s commercial activities, designs can also be sent to Cadence’s Analog Artist and other commercial CAD tools.

Neither the government proposals nor HP’s commercial activities address the issue of library compatibility for schematics etc. .  However, Compact software has proposed a task to begin to address this issue.

Performance

HP EEsof has created links in the past, (Cadence Analog Artist and Mentor Falcon and Boardstation), and will guarantee that the link will perform at the same level of performance and quality as their other link products.

Spice Netlister

Problem Statement

Current microwave simulation tools have limited ability to interact with SPICE based designs.  As the complexity of digital and analog circuitry in microwave MCA's increases, the ability to interact with SPICE based designs becomes increasingly important since it is the primary tool for designs of these types.

Task Description

HP EEsof will develop (WBS #AALI) the ability to transfer designs that were originally simulated with some form of SPICE into the MAFET Design Environment. A tool is required to transfer a SPICE netlist to IFF (Intermediate File Format).  Since links from and to IFF are being developed within MAFET for the HP EEsof, Cadence and Mentor schematic environments, this will allow the use of other MAFET environment frequency and time domain simulators on circuits originating from SPICE netlists and simulation models.  HP EEsof will collaborate with Cadence to insure that data integration and IFF integrity will be maintained throughout the transfer process.

Functionality

SPICE to IFF Importer: 

Importer reads Berkeley (2g6, 3c, or 3e), Pspice, Hspice, and HPSpice netlists

Front end work to map to new merged simulator elements (17 devices, 6 models)

Back end work to support control blocks

Speed enhancements for schematic creation

Change invoking mechanism to read IFF file instead of AEL file

Testing of all leveraged/merged code

HP EEsof Merged Simulator to IFF to SPICE Exporter: 

Map new merged simulator elements to SPICE

Add support of Hspice and HPSpice

Usability

Several benchmark SPICE netlists to be supplied by the User companies will be transferred

Simulation results compared with the original SPICE simulations. A broad understanding of the simulator engines and their requirements and limitations is assumed to effect an accurate translation between engines.

Performance

The transfer process time between a SPICE netlist and a schematic will be a matter of seconds.

Cadence

Allegro MW Enhancements

Problem Statement

Cadence's solution for designing ceramic hybrids (both thick and thin film), multi-chip assemblies (MCA), and multi-chip modules (MCM-L, MCM-C and MCM-D) is Allegro-MCM. Allegro is a proven mature product for high speed digital design. As such, it carries sufficient flexibility and is versatile enough to address Analog and RF design issues, yet many improvements will be necessary to significantly facilitate and speed up the design process. CadenceÕs development effort will result in a design environment suitable for digital, RF/microwave and mixed designs.

Task Description

This task covers WBS #ABJO and #ABJP.

Wirebond Representation:  Wire bonds are common in microwave design. It is a widely used technique to interconnect between dice and the package due to its lower cost and reliability. Wire bonds must be modeled correctly for interactive manipulations, as well as manufacturing interfaces and analysis. 

Enhance DRC for Gates and Fences:  Microwave structures have field surrounding them and therefore must be shielded (or stay away) from other components and interconnects. A "fence" can be viewed as a "safety zone" around a microwave structure so that no other components (or another structure) can be placed within a certain spacing from this "zone". In addition, only specified nets (namely the nets that are connected to the structure) are allowed within the "zone". 

Geometry Extraction:  Allegro SigNoise is a product for modeling transmission lines and parasitics in PCB and MCM layouts. It works directly on the Allegro design database. A user can select one or more nets for simulation. Then the geometry extractor and circuit builder automatically builds the interconnect circuit/model. With a device model defined in the industry standard IBIS model, a transient simulation may be performed. To date, the SigNoise main features are geared toward digital designs. The following enhancements will be needed in order to extend SigNoise towards the microwave realm:

Geometry extractor that recognizes the structures important in the microwave frequency region such as bends, teeÕs, etc.

Accurate high frequency models for discontinuities such as bends, tees, cross-overs, vias and wire bonds.

Accept frequency dependent circuit parameters such as [Y] or [S] in the circuit simulators (TLSIM).

Analyze S-parameters in both time-domain and frequency-domain

Integrate Allegro with OASIS.

Analog Artist and Allegro Interface:  This task will capture the IC footprint data (i.e. component size, pad shape and location) from the Analog Artist database to create an Allegro symbol for placement in MCA design.

If the Artist database contains MCA design data, such as interconnects, then it must also transfer the entire design (including components, interconnects and net logic information) to Allegro.

The ability to back annotate from Allegro to Artist will not be part of the MAFET effort. However, it is highly likely that customers will ask for back-annotation.

Editing Microwave Structures:  Allegro MCM currently does not support any microwave structures.  Capabilities similar to Analog ArtistÕs Pcell will be incorporated into Allegro.

Functionality

Wirebond characteristics:

A wire bond will be represented by a stretchable wire (with a given width value) connecting between any combination of pins (or pads) and traces.

Bond wires will be allowed on the external surfaces of a package.

Since Allegro is a 2-D system, deriving the length of a bond wire based on the end points yields an approximation that may turn out to be insufficient for analysis as well as generating manufacturing data. If so, then a means (such as attaching a value to each wire) will be employed to provide an acceptable value.

Wirebond functionality:

An "Add Bondwire" command will be provided to allow the user to interactively identify the elements that are to be wire bonded and then place the wire accordingly.

The existing interactive editing commands such as Delete and Move will be modified to handle bond wires properly.

Be able to extract and format the bond wire data for interfacing to one numerically controlled wire bonding machine. The choice of which machine to support (such as the K&S series or the Hughes 2460 series) will be determined later.

Enhance DRC for Gates and Fences

Provide user the means (i.e. develop the interactive commands) to define and manipulate "fences" and "gates".

Enhance Allegro's DRC and Constraint system to support "fences" and "gates".

Modify the existing functionality (such as auto-routing and placement) to recognize "fences" and "gates".

Geometry Extraction

Geometry extractor that recognizes the structures important in microwave frequency region such as bends, TeeÕs, etc.

The geometry extractor within the SigNoise product transverses through the Allegro design database, detects the change in the cross-sectional definition (stack up information) within a user specified window, and identifies the via connecting information. However, it ignores other discontinuity such as bends, tees, or cross-overs. For microwave applications, that becomes unacceptable. This is a critical feature that must be implemented in order to simulate directly from layout.

Accurate high frequency models for discontinuities such as bends, tees, cross-overs, vias and wire bonds.

In the current SigNoise implementation, only the vias are modeled using either a closed form equation or a quasi-static field solver. There are no models for bends, tees, cross-overs, or wire bonds. While this is sufficient for todayÕs digital circuit designs, it is not acceptable for RF/microwave designs. As a first step, closed form solutions for these discontinuities or parametric look up tables for these models must be implemented. The discontinuity models may be described either by simple equivalent circuits or an admittance matrix or a scattering parameter matrix. Note: We will investigate supporting the neutral models as it become available.

Accept frequency dependent circuit parameters such as [Y] or [S] in the circuit simulators (TLSIM).

TLSIM is the main circuit simulation engine. It handles the arbitrary interconnect circuits of a design. It models lossless and lossy transmission lines if given the description the transmission lines in terms of RLCG matrices. As one of its unique features, TLSIM allows frequency dependent admittance matrices. For microwave applications, this becomes necessary since many discontinuity models are given in terms of the s-parameters which in turn can be easily converted to the [Y] parameters. With this new capability, TLSIM therefore can be used for microwave interconnect simulations.

The ability to perform [S] parameter analysis in both time domain and linear frequency domain.

TLSIM is tuned to time domain transient analysis for digital circuits. A FFT capability needs to be implemented in order to present the data in the frequency. Furthermore, TLSIM needs the capability of performing the steady state analysis and solving for the scattering parameters. This is possible for linear circuits and interconnects. Many microwave designers are used to this type of analysis.

The integration of Allegro with OASIS is a second year task.

Analog Artist and Allegro Interface

Support export of MMIC footprints from Artist to Allegro to eliminate the need to reconstruct the IC with Allegro Symbol Editor

Support exporting not only the IC footprint but the entire MCA design from Artist to, including interconnects and net logic information

Editing Microwave Structures

This is a second year task.

Usability

All enhancements to interactive commands will conform to Allegro's user interface environment. The standard Allegro user interface consists of icons, command menus, pop-up menus for cancel and oops (undo) operations, forms, message handler, find processor (selection system) and graphics capabilities including color control, dynamic cursor, and fill patterns.  (For an example of an interactive command refer to Allegro's Command Reference Manual.)

Allegro operates under the window system of the platform of choice: Open Windows on Sun, Motif on IBM and HP.

In SigNoise, it is possible to click on an interconnect (or net) in Allegro, and perform analysis on the net. The simulator will automatically build an interconnect circuit. If the cross-talk analysis is requested, all the neighboring nets (select through a window pick) are included in the model. This feature is already in the currently released product. With the enhancements discussed above, the same functionality will be available for microwave designs. This will be in sharp contrast with many of todayÕs microwave design products, where the user has to define each discontinuity in the schematic. Our SigNoise capability will relieve the designer from entering the same geometry many times and ultimately improve productivity and reduce design cycle time.

Performance

All the tasks described here are considered as enhancements to the existing system. As such, it is expected that none will cause significant degradation to the overall system performance. New interactive commands are expected to have comparable performance against the existing commands that perform functions of similar complexities.

With the improvements in SigNoise, the simulation capability will be very fast to allow interactive design and simulations. Each of the simulations will be in the order of seconds and at most a few minutes. The emphasis will be in speed if one has to compromise between accuracy and speed.

Artist/Virtuoso Enhancements

Problem Statement

The following three Analog Artist enhancements have been identified to improve efficiency and simplify the use model: 

Tuning and Back-annotation of Stretchable Distributed Elements:  There are presently two ways of placing distributed elements in an IC layout. The designer can interactively digitize an interconnect shape (lines with various style bends and tapers), these can also be graphically stretched to make connections and adjust length. These shapes are parsed into elements (transmission line segments, bends, and other discontinuities) by the Microwave Extractor for simulation from layout. There is no way to back-annotate these elements to the schematic, nor can their dimensions be easily optimized. Alternatively, the designer can place a parameterized cell (Pcell) for each distributed element. These can be optimized and back-annotated to schematic, but they can only be modified through a form, i.e. they cannot be graphically stretched.

Simulation from Layout:  Most of the capability is available today. One can simulate a layout almost as easily as one can simulate a schematic. There is one problem however. The sources are available only in schematic form. As a consequence, to simulate a layout, the corresponding symbol must be added to a test-fixture schematic so that the appropriate sources can be supplied. There is a need to simplify this process.

Add Probing of Layout:  The designer would like to debug a circuit by pin-pointing the problems. To do so, he must be able to look at voltages at various places in his layout. This is already possible in a schematic. There is a need to add the same capability to layouts.

Task Description

This task covers WBS #ABJN.

Tuning and Back-annotation of Stretchable Distributed Elements

The capabilities of Pcells and graphically-stretchable shapes will be combined to permit interactive layout, tuning, optimization, and back-annotation to the schematic. It will also permit more flexible modeling options.  For example, the designer might choose to substitute his own model for a critical transmission line or stub rather than use the models built into the simulator.

Simulation from Layout

In this project, the process of simulating a layout will be sped up by providing generic template fixtures, or by providing layout views of these sources. In the first approach, the designer simply specifies to simulate a layout using a particular test fixture. In the second approach, the sources are simply added to the layout, in a way that does not obstruct other tools.

Add Probing of Layout

Probing the voltage waveform is currently possible only at the schematic level. This enhancement will provide the ability to probe voltage signals by clicking on interconnect metal or circuit element pins in the layout and thus eliminate the extra step of going back to the schematic.

Functionality

Tuning and Back-annotation of Stretchable Distributed Elements

The following parameterized distributed elements will be created for use in the layout environment:

Microstrip and stripline lines with meandering options

Rectangular and radial stubs

Coplanar waveguide elements

Interdigitated capacitors

Changes to these elements will be back-annotated to the schematic under the designer's control via the DLE tool.

Simulation from Layout

This task will be defined in the second year.

Add Probing of Layout

This task will be defined in the second year.

Usability

CadenceÕs Analog Artist is an existing product. All proposed enhancements are expect to be an integral part of the product. As such, the user interface and use model of the proposed function will be consistent with the existing system commands.

Performance

The performance of the proposed functions will be comparable to the performance of existing commands.

HP EEsof

Design Environment Enhancements

Problem Statement

Economic and application requirements have begun to push the density and complexity of MMICs and MCAs toward the practical limits of present microwave/millimeter-wave physical design tools. Fortunately, the architectural foundation for tight coupling among the HP EEsof schematic, layout, and circuit simulation tools provides a strong base for expansion of capability, performance, ease of use, and support for open interfaces to meet emerging requirements during and beyond the MAFET time frame. 

Task Description

The following items will be addressed by this task (WBS #ABLC).

A number of features focused on MCA and MMIC functionality will be added to the HP EEsof physical design product, such as increased editing and insertion capability, smart traces, and snapping mode.

Create a method of graphically entering the specification of a parameterized physical design component and automatically creating AEL scripts that implement the component

Add a DRC that will process data as background jobs and notify the user when it completes so that the DRC errors can be interactively reviewed by zooming to the errors within the physical design. A layout versus schematic (LVS) compare function will also be added

Add a trace router that will assist or automatically route traces within a given design

Enhance the trace router so that circuit performance and trace/component proximity are used to determine the path to route traces

Functionality

MCA & MMIC Focused Functionality

Improved Primitive Editing and User Interface:  Ensure that all editing operations leave the primitives and components unselected after the command completes. The primitives are polygons, polylines, circles, arcs, text, path, and construction lines.  Primitives are also collected together and have connection points. This grouping is referred to as a component. Ensure that all editing operations work as expected with pre-selected and post-selected items. Consider improvements to the menus to make the product more usable, especially the “Edit”, “Draw/Place” and “Options” menus. Consider other usability improvements to menus, dialogs, etc. Make improvement to the way wires move during the rats nest rubberbanding. 

Add Snapping modes - Edge, intersect, line center:  Snap to edge allows the user to snap continuously along any straight or curved edge. Snap to intersect allows snapping where any edges intersect. Snap to center line allows snapping to the center. These are in addition to the grid, pin, and vertex snapping currently implemented. There is a priority to the snapping. Highest is pin. Second priority is edge. Third is center line. Fourth is grid. Fifth priority is intersection or vertex. If vertex, center line, or grid snapping can be satisfied while remaining on an edge this will be done. 

Smart Traces with vias and layer changing:  The ability to route traces from one point to another while interactively changing layers and backing up. When changing layers a via is inserted automatically. If the user decides that the trace is routed wrong, he may backup by removing one segment of the trace at a time, including removing a via which will automatically remove the layer change. The user can then proceed forward adding new segments and vias. Traces do not need to start or stop on a component pin. Traces will adhere to lock angle.

Front/back side board management:  For certain components such as Surface Mounted Technology (SMT) components, the user needs to be able to specify that the part be placed on the front or back side of the PC/MCM board. If the back side is chosen the part would be placed on different layers that represent that side of the board.  The ability to reverse (left to right) the view of the drawing area will also be added so that parts placed on the back side of the PC/MCM board are viewed as expected.

Enhanced graphics primitives:  Add width to the circle, arc, rectangle, polyline and polygon. Add corner type to polyline. Add the ability to set the resolution of each instance for polylines, polygons, circles and arcs.

Ground plane management:  The ability to add a ground plane (solid filled polygon) to a layer and to have all objects within the ground plane (same layer) be automatically cut out of the ground plane and have a specified clearance around the objects.  This capability will be independent of a DRC.

Graphical Layout Cell Compiler

Add a Graphical Layout Cell Generator which will allow physical design components to be entered graphically. The end user of these features will be able to insert generic physical design components by using parameters that can be used to edit each occurrence of the component. This includes the ability to stretch parameterized cells and have repeatable primitives, stretchable primitives, and symmetry lines control the cell stretching. This project will be broken into two phases. The first phase will consist of creating and documenting AEL scripts that can implement the new features. The second phase will consist of creating the graphical cell compiler that produces the AEL scripts. 

Design Checking

Design Rule Checking will be added to the Physical Design environment. It will allow the designer to perform the checking as a background process while continuing to design. When checking is complete, any rule violations will be highlighted graphically on the physical design. They can then be corrected, and an incremental recheck can be performed.  

An LVS design comparison feature will also be added to will allow a complete hierarchical verification, hence ensuring that the physical design matches the schematic. It will have options that allows certain mismatches to be legal. An example of this would be when transmission lines, corners, and tees are used to connect parts on the layout. Some designers want to show only wires on the schematic and not show each transmission line, corner, and tee. In doing the layout to schematic comparison an option would allow the layout transmission lines, corners, and tees to be equivalent to the wires on the schematic.

Assisted Autorouter

The Cooper & Chyan Spectra shape-based router will be added to the HP Series IV Physical Design Environment. This tool allows either assisted or automatic routing of traces. It has advanced techniques such as “shoving” and “plowing” which can automatically move multiple traces so that a specific trace route can be completed. 

Parasitically Constrained Trace Router

The results of circuit simulation for a design will be integrated with the rules of the router such that parasitic coupling is a constraint for the automatic router. HP will also work with Cooper & Chyan to improve the constraint rules that their router understands. 

Usability

As part of the item “Improved Primitive Editing and User Interface” described above under the heading “Functionality”, usability tests  will be conducted with both inexperienced and experienced users of the HP Series IV Physical Design Environment. These tests will be combined with inputs that we receive from customers to change the user interface and make the product easier to use. 

Performance

The physical design system will be tested for performance and profiled to identify areas where speed, accuracy, and capability improvements can be made.  Any areas of source code that are causing performance problems will be identified.  As performance issues arise, causes and corrective action will be identified and exercised.

Arbitrary Physical Extractor

Problem Statement

Increased MCA design complexity and density have led to increased design risk caused by parasitic coupling of signal paths.  Interconnection and ground plane metal patterns for control signals are rarely designed with high frequency design tools.  Improper physical design can lead to signal contamination and faulty performance within or near the control signal arena.  A means to assess the impact of physical configuration on electrical performance in a  high-frequency, mixed signal environment is required.

Task Description

The Arbitrary Physical Design Extractor (WBS #ABLB) converts interconnection and ground plane patterns into simulatable objects for parasitic extraction and physical design refinement at the board / MCA level.  Many of the components will be extracted into generic models that the circuit simulator understands.  The other more complex components will be solved directly with the MAFET Passive Model Generator and turned into a N-port S-parameterized circuit component.

Functionality

The Arbitrary Physical Design Extractor will work within the Series IV Physical Design system.

Interconnects and ground plane to be modeled can either be designed within Series IV or imported into the Physical Design system via GDS-II or IFF files.

The specific primitives to be modeled will be selected by the designer. A primitive is the actual graphics that makes up the interconnects and ground plane. It is created by inserting graphics such as polygons, circles, rectangles, etc. or by inserting a component that has connectivity such as a trace, coupled transmission line, etc.

The selected primitives along with information about ground points and substrate definition will be processed by the Arbitrary Physical Design Extractor and a netlist will be created.

The netlist can be returned to the Series IV Physical Design system where each component that was recognized is attached to the primitive(s) corresponding to the component.  If the remainder of the layout was designed in Series IV using components, then the entire layout including the extracted components can be simulated with Series IV circuit simulators. 

The extraction process will recognize generic models that the circuit simulator understands.

When a component is not recognized, the input for running the MAFET Passive Model Generator will be set up so the model generation can be executed as needed.  The resulting N-port S-parameterized circuit components are saved in a library and do not have to be recreated by the MAFET Passive Model Generator each time the extraction occurs.

This extraction process will be controlled by a “component definition” file which the designer can create to represent the type of extraction desired for a specific process. For instance, the designer can choose to have a coupled line represented as a distributed coupled transmission line, or as a series of lumped RLC components.

The rules file will allow for specifying a distance around components that can not contain other primitives. If this rule says that a primitive is to close to the component, then a match is not made to this component.

Transmission lines are not valid if they end exactly where an unknown discontinuity starts. There is a set back distance where the line will start. Figure 5.1.4.2-1 illustrates this. Most of the primitives will be extracted as either transmission lines or bends. The area in the center where the lines cross and have one bend is considered a unknown component that must be solved with the Passive Model Generator. The transmission lines attached to it do not extend to the point where there is a geometric change, but instead have a set back from that point. 
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Figure 5.1.4.2-1 

Usability

The user interface of the Arbitrary Physical Design Extractor will be consistent with the user interface of Series IV. It will feel like a tightly integrated Series IV product. 

Performance

The design of the arbitrary physical extractor to reuse the models that are already in the MAFET Passive Model Generator is intended to make extraction run fast when compared to running electromagnetic simulations each time an extraction is done.

The time required to extract a set of models containing up to 30 passive structures will be less than 30 minutes.

Links to Mechanical Design Tools

This project is currently scheduled to begin in approximately one year.  As such the following sections are preliminary only and will be refined at a later date.

Problem Statement

To be refined at a later date.

Although it is recognized that MCA designers desire the transfer of component and layout information from multilayer layout tools to mechanical CAD (solid modeling) tools, layout and mechanical CAD products support only limited linkages to commercial EM simulation engines (both planar and 3D).  These linkages are EM product-specific and do not form the closed design environment loop many designers require.

Discussions with MAFET customers are required before an accurate problem statement can be developed.

Task Description

To be refined at a later date.

This task includes WBS #ABLA.

Because of the numerous issues involved in the linkages of different geometry capture mechanisms, further discussions with the MAFET customers are required before the effort can be identified and scoped.

Several types of design translators are technically feasible.  Associated benefits and costs will vary widely depending upon the scope of the problem statement.

Functionality

To be refined at a later date.

Many popular commercial mechanical CAD packages (e.g., SolidDesigner and Pro/Engineer) now support parametric design capabilities.  Each mechanical CAD vendor has adopted unique methodologies to address this difficult problem.  Because parametric design paradigms differ between vendors, the complete scope of bi-directional data interchange with retention of full functionality may not be possible.

Preliminary discussions between HP EEsof and both PTC and HP’s Mechanical Design Division have taken place, but more are needed before the full impact of a particular vendor’s design paradigm and its impact on links to multilayer layout tools can be fully assessed against of the MAFET customers’ initial expectations.  It is not clear at this time that focusing on a single mechanical CAD vendor (e.g., PTC) provides an acceptable or accessible solution for all MAFET customers.  Additionally, the costs associated with multiple mechanical CAD vendor support are unknown at this time.

Usability

To be defined at a later date.

Performance

To be defined at a later date.

Circuit/Behavioral Simulation

The simulation area covers both circuit and behavioral level simulator enhancements.  The neutral model task definition is also included in this section.

Neutral Models

Problem Statement

Most models (active and passive) currently used with microwave simulators are supplied by the simulator vendors.  These models are almost all proprietary (simulator specific) and are limited to a specific technology and functionality for which they were developed with limited configurability by the user.  Also due to the expense of developing these models, only the most common types are provided.  For example microstrip elements are usually available, but coplanar waveguide models may not be.  In addition, the valid ranges of the parameters (i.e. dielectric constant, substrate thickness, etc.) is often limited.  Active device models have similar problems.

User companies need the capability to generate their own custom models to address new and high priority technologies, or to develop more accurate models than are currently available in commercial simulators for specific applications.  Such a capability exists today in most simulators.  Unfortunately the mechanism that is provided is difficult to learn and use, and is different for each simulator, thus making it very expensive to provide a set of models that support even the most common simulators.  What is needed is the capability for users to easily develop their own models, and interactively test them within the simulation environment.  A means to facilitate incorporation of these models into multiple simulators is also needed.  This is important for foundries who provide models to customers where not all customers use the same simulator.

Task Description

The purpose of this task (part of WBS #ADKG) is to define model formats that will be supported across multiple circuit simulators (particularly Compact, and HP-EEsof).  There are two primary model definitions to be generated that will support different purposes.  The first addresses linear modeling using a table based approach with multi-dimensional parameters.  This definition will support primarily passive structures as well as linear active device representations.  This format will be generated by the HP-EEsof passive model generator as well as MAFET supported EM simulators.  The format will be read into simulators from HP-EEsof, Compact, and Cadence.

The second model format will define a modeling language primarily intended for semiconductor device modeling based on algebraic mathematical equations.  The functionality will be based on HP-EEsof’s Symbolically-Defined Device (SDD) which has been successfully utilized by MAFET user companies and other commercial users.  Both HP-EEsof and Compact will support the SDD within their respective simulators.  Since Cadence already supports their own HDL a mapping of functionality between SDD and SpectreHDL will be documented. In this way users can create models for semiconductor devices in one simulator and map them to other MAFET simulators.  A separate MAFET HDL activity is being pursued that, if successful, will result in a standardized format for mixed-level modeling.

Functionality

The following items list functionality requirements for each of the three model types.

Linear Model

Must support multi-dimensional parameterization (no arbitrary limit to the number of dimensions)

The names of the parameters will be arbitrary with respect to the format itself  (if certain common parameter names need to be standardized, such as dielectric constant, then these names and their usage must be defined as part of the format)

Support an arbitrary number of ports with the impedance of each port defined

The data associated with a given set of parameters may be defined in terms of:

S, Y, or Z-parameters

Poles and zeros

Noise data (Fmin, Gopt, Rn) for two-port devices

Support identification of the interpolation method used to generate the table

Only fundamental mode responses will be supported since that is the only mode supported by circuit simulators which is the intended application for this type of model

Nonlinear Equation-Based User Defined Model

Support multiple model parameters (no arbitrary limit)

Support an arbitrary number of internal nodes and external ports

Support linear and non-linear responses (in the appropriate simulator)

The model will be defined by user supplied equations with one equation for each internal node as well as each external port

Each nodal equation can be of the form i = fj(v) or fj(v, i) = 0

The standard mathematical operators will be supported within the equations (+, -, *, /, ^) as well as parenthesis

A rich set of mathematical functions will be supported within the equations including, for example:

circular and hyperbolic functions and their inverse functions (e.g. sin(x))

exponential and logarithmic functions (e.g. exp(x))

common algebraic functions (e.g. sqrt(x), mag(x), etc.)

common miscellaneous functions (e.g. min(x,y), max(x,y), sgn(x), etc.)

Usability

The following items list usability requirements for the model types.

Linear Model

The models will be used in a circuit simulator as any other parameterized model

The simulator will support interpolation of parameter values

A warning will be issued if the simulator extrapolates model data outside of the model data range

Nonlinear Equation-Based User Defined Model

The model will be used in a circuit simulator in a method similar to other nonlinear device models

The simulator will address fatal run-time errors due to numerical problems (e.g. divide by zero)

Multiple instances of the model can be used within a circuit

The simulator will support display of the usual data that pertains to a nonlinear model (e.g. currents, voltages, etc.)

Performance

The following items list performance requirements for the model types.

The memory required to contain a given model should be minimized

The model format should be structured to minimize execution time

The model should support statistical and optimization functions within the simulator

Cadence

Periodic Small Signal Analysis

Problem Statement

Add periodic small-signal analyses to Spectre to support microwave design. These analyses will allow designers to perform analyses such as AC, noise, and distortion analyses on periodic systems such as mixers and oscillators. The difficulty is that periodic systems exhibit frequency conversion effects, and these effects must be taken into account when performing the small-signal analyses. A classic example of this is phase noise on an oscillator. The oscillator is constructed by providing positive feedback to an amplifier. The amplifier exhibits 1/f noise, which is a low frequency noise. However, the large oscillation signal combines with the non-linearities necessarily present in the amplifier to modulate the 1/f  noise, which mixes it up so that it is centered about the carrier frequency. It is now referred to as phase noise and it dominates over all other noise sources for the oscillator. Such behavior is impossible to simulate in SPICE because SPICE assumes that there are no large time-varying signals present when performing noise analysis.

Task Description

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 (WBS #ACJD) to support microwave design, thereby providing designers with increased accuracy, faster run times, and the ability to handle larger circuits.

Functionality

Will provide capability to perform analyses such as AC, noise and distortion analysis on periodic systems such as mixers and oscillators.

Ability to handle highly non-linear circuits.

Able to handle circuits with larger number of elements.

Distributed components in the steady-state analyses.

This analysis will work with existing Spectre and SpectreHDL models.

Usability

This capability will be added to the Spectre simulator and will be selectable by the user as a separate analysis.

Performance

Today, simulation time goes up rapidly with number of harmonics included. The result of this development will provide the capabilities that are currently not feasible.

Frequency Domain Enhancements to Spectre RF

Problem Statement

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.

Task Description

Cadence will develop faster, more accurate methods for using frequency-domain models in transient analysis (WBS #ACJE). 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 the supports the HDL.

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.

Functionality

Frequency-domain models in time-domain simulation:

Distributed components will be supported in transient analyses to improve accuracy and efficiency.

Mixed-signal digital/analog/microwave simulation will be supported.

All analysis types associated with the current time domain simulator will support the frequency domain models.

Mixed-domain behavioral language:

Frequency-domain modeling for distributed passive components, noise, weakly nonlinear components and frequency-domain measurements will be supported.

Time-domain modeling for lumped components, discrete-time  and event-driven components and time-domain measurements will be supported.

Library elements:

The list of  elements to be developed will be provided in year 2.

Usability

All enhancements will be integrated into the current Spectre RF product. Therefore it will be mandatory that the user interface and use model must be consistent with the existing functions.

Performance

Due to the high risk nature of this project, we will not provide a performance estimate until a prototype is available. 

Quasistatic Structure Simulation

Problem Statement

Accurate simulation from layout requires incorporation of detailed models for interconnects. Today this is done in one of two ways depending on the 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 as microstrip lines and discontinuities such as bends and tees. There are many applications for which RLC modeling of interconnects would offer improved accuracy and fast simulation, even using time domain simulators.

Task Description

Cadence will apply MITÕs multipole acceleration techniques to implement a quasistatic RLC parasitic extractor (WBS #ACJF). 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. This will allow the interconnect structures to be efficiently simulated in either frequency or time domain.

Functionality

A multiple accelerated quasistatic RLC extractor.

A new algorithm that can be used to generate lumped models for structures simulated with the quasistatic RLC extractor.

Usability

The user interaction will be consistent with the current extraction process. Controls are exerted via technology files, extractions are based on the layout and outputs will be stored as a database ÒviewÓ which can then be used as inputs to the simulator.

Performance

The time to perform the RLC extraction will be proportional to the number of conductor panels in the design rather than the current method which is proportional to the cube of the number of panels.

Compact

Non-Linear Stability Analysis

Problem Statement

A common circuit design problem occurs when an amplifier chain oscillates due to unintentional feedback in the active circuit, bias circuit, or package.  Enhanced circuit modeling and electromagnetic analysis will provide the means of characterizing the feedback path.  However, a tool is required to detect whether a circuit will produce a spurious signal or a subharmonic spur and to determine the proximity of a circuit to a region of instability.

Additionally, harmonic balance tools are used to simulate complex circuits which may exhibit multiple numerical solution points, such as frequency dividers, oscillators, and injection-locked oscillators.  Although a simulator may numerically converge to a solution point, there is no mechanism available to determine whether this solution point is a physically stable operating point.

Task Description

Compact Software will address a harmonic balance implementation to quantifiably determine circuit stability for the problems outlined above (WBS #ADKE).

Stability analysis utilizes methods such a bifurcation analysis to determine stable operating points and perform solution path tracing around critical (singular) points.  This information will show the parameterized operating range of a given circuit and trace a hysteresis path where applicable.  The data management improvements provide program infrastructure to support implementation of stability analysis and enhances control of simulation data to provide path tracing, bifurcation detection and simulation control. 

Since non-linear stability analysis is a new tool that directly addresses causes for design cycle iterations, it is anticipated that the use of this tool will uncover design errors and causes for iterations prior to fabrication, thereby reducing the overall design cost and time.

Explanation: Bifurcation refers to a critical solution point where on one side of the point the circuit has one numerical solution and on the other side, the circuit has two numerical solutions.  For example, an oscillator can be solved for the DC state (no RF) and for the oscillatory state (DC + RF) for the same bias source voltage.  If the oscillator is swept as a function of bias voltage, it will turn off at some point where on one side of the point only DC exists and on the other side a simulator can solve for both the DC state and the oscillatory state - this is called a Hopf bifurcation point.  Tracing the analysis by means of a parameterized variable, e.g. bias voltage, is called the solution path.

Functionality

The two primary functional capabilities of the stability analysis will be:

Detection of oscillatory regimes within a circuit.  This will determine the potential of a circuit to oscillate.  If desired, the actual oscillation analysis can then be carried out.

Solution path tracing of a harmonic-balance result to determine stability of the result.  During this analysis, bifurcation points can be detected and solution path tracing will be developed to proceed around these critical points.  This will result in a hysteresis-type curve and will determine the stability of the original operating point.  The swept parameter value will then be known which indicates the relative distance of the operating point from the unstable region.

The stability analysis will not impose any special needs on modeling.  It will work with existing models.

Accurate modeling of the active devices and passive structures, which will determine the coupling and feedback mechanisms in the circuit, will be required for the analysis to be accurate.

The stability analysis will provide the mechanism for providing an analytical tool for the determination of stable operating points.

Usability

Stability analysis will be developed within the Microwave Harmonica simulator

New analysis parameters will need to be entered by the user. It is envisioned that these parameters will be straightforward to determine and enter into the simulator.

The results of stability analysis will supplement those from regular harmonic-balance analysis and those from linear analysis (e.g. the invariant stability factor “K”).

The output will consist of the solution path for the parametric circuit variable(s) that the user selects.  From this solution path, bifurcation points can be identified and therefore stability can be determined.

The solution path will indicate an operational proximity to an unstable point for the parametric circuit variable.

Additional outputs will be defined as the project progresses.

Performance

Stability analysis builds on basic harmonic-balance analysis and requires repeated analyses to form the solution path.  Specific performance factors depend on the circuit and analysis parameters, but it is expected that stability analysis will take about three to five times longer than basic analysis.  As the speed enhancements of harmonic-balance analysis progress (under task ADKB, Speed Improvement of Nonlinear Analysis), stability analysis will speed up in tandem.  This will enable stability analysis to operate efficiently on large, multi-chip circuits.

Non-Linear Simulation Enhancements

Problem Statement

Harmonic-balance analysis is a highly useful tool for non-linear frequency-domain design and is often an order-of-magnitude faster than SPICE for microwave circuits.  However the time required for nominal and statistical analysis and optimization of MMIC circuits is still too long to allow a designer to simulate all performance specifications outlined in Sections 4.2.3 and 4.2.4.  This results in circuits that have not been sufficiently validated through simulation prior to fabrication.  Additionally, long simulation times prevent investigations of the interactions between multiple MMIC components or portions of MCAs which lead to design cycle iterations.  To enable these detailed investigations, speed enhancements of 15x are needed.

Task Description

Compact Software will improve the speed of its harmonic-balance simulator (WBS #ADKB).  This task directly addresses the 15x speed improvement through a number of algorithmic methods and computer hardware utilization:

Nonlinear reduction schemes (e.g. tagging devices as non-RF)

Convergence enhancements

Simplification and linearization of non-critical devices

Utilize symmetric multiprocessing (SMP) for parallel computations

To support this task, more flexible data management is needed to provide effective management of simulation data while reducing the number of overall and redundant calculations.  Support of Symmetric Multi-Processor (SMP) machines requires limited restructuring of the data and code management for multiple threaded processes.

Functionality

The methods outlined above serve to improve the speed of harmonic-balance analysis and reduce the memory required for analysis.  These enhancements will lead to the following capabilities:

Enable analysis of larger, more complex circuits with more active devices than current capabilities allow (larger portions of MCAs)

Simulation of complex interactions that occur when multiple functional components are connected (e.g. cascaded amplifiers, MMICs, etc.) as compared to the simulation of single functional components

Faster analysis and optimization of computationally expensive performance criteria such as IP3

More thorough investigation of circuit performance and device-level operation prior to fabrication

Flexible simulation management to support and coordinate generation of multi-dimensional analysis results

Usability

The tasks described will be incorporated into Microwave Harmonica

The speed improvements will be available to the user transparently (there may be additional user input for SMP installations).

To utilize nonlinear reduction schemes, users will be required to tag devices which can be considered DC only (bias circuits) or small-signal only.

Performance

The performance requirement of 15x speed improvement is the main goal of the speed enhancement task

Neutral Model Implementation

Problem Statement

Model development for nonlinear active devices currently requires users to develop an equation set that is coded into a specific vendor's simulation tool using C and/or FORTRAN.  Any specific implementation is not portable to another simulator without laborious and error-prone re-coding into that simulator's format.  Model equation development is slow when the code has to be re-compiled and linked into the simulator with each edit-compile-debug-test iteration.  Furthermore, some implementations of user-defined models do not support advanced model behavior such as nonlinear noise sources within a device.  It is desirable to support a modeling language which addresses these portability problems in order to realize simulator-independent model development and use (Section 3.4.2.1).

Linear device data is portable in a limited way through network parameters, such as S-parameters.  These S-parameters are parameterized by frequency but cannot capture the multi-dimensional aspect of arbitrarily parameterized structures.  It is desirable to have a format which can support arbitrary parameters so one can capture, for example, the characteristics of a transmission line model as a function of width, material parameters, and frequency.  Such a format is described under neutral model formats in Section 4.2.1.  This format allows portability of linear model data between simulators and from (3rd party) model generators into simulators (Section 3.4.3.1 and 3.2.3).  A simulator can then access this data and utilize it for general analysis.

Task Description

Under task ADKG, Compact Software will define and implement a format for active devices based on the HP-EEsof Symbolically Defined Device (SDD) element.  The SDD language has been used within MDS for several years and has demonstrated its capability.  SDD is an equation-based modeling language for linear and/or nonlinear devices defined in the time domain.  Enhancements will be made to increase flexibility in the model definition and to add non-linear noise sources.  Inputs from modeling engineers in the user companies will be solicited and a document describing the detailed capabilities and usage will be published.  The  model formats for linear devices will also be defined and implemented under task ADKG and reviewed by other team members.

Functionality

SDD Device Model:

The active device model formats will enable a modeling engineer to easily simulate non-linear user-defined active devices within Microwave Harmonica.

Since the format will be based on the HP-EEsof SDD, a very high degree of portability between Microwave Harmonica and MDS will exist for these models.

The equations which define the model will allow nonlinear algebraic functional dependence of currents and charges on intrinsic device voltages.  These voltages will be time dependent and solved by the simulator.

The modeling language will support technologies such as diode, MESFET, HEMT, and HBT.

A rich set of arithmetic operators, algebraic functions, and conditional statements will be implemented for flexible and straightforward definition of active devices.  

The model format specification will be usable within the following analysis types:

Small-signal  frequency-domain analysis

Harmonic-balance analysis

Harmonic-balance noise analysis for mixers, oscillators, etc.

Linear Model:

Multi-dimensional network parameter data (such as S, Y, or Z-parameters) will be supported that can represent arbitrary linear components

The simulator will automatically interpolate between table values

The model will support the neutral format described in section 5.2.1

Usability

SDD Device Model:

Defining active devices will consist of writing sets of equations within Microwave Harmonica.

The equations may be interpreted or compiled (depends on code sharing as described in Sections 4.1.1 and 4.2.3.1 of the Program Plan)

Robust error detection and error reporting will be supported within the implementation to assist users in model development and prevent fatal numerical errors.

Linear Model:

Defining passive devices will consist of referencing a neutral model database (created by a model generation or simulation tool)  

An element can then utilize the database and specify the parametric model values to be used for interpolation of the database.  

If the parameter values are exceeded in the database then a warning be issued to the user.

Performance

Performance of the active SDD-based model implementation will be dependent on the form of implementation. Model complexity and numerical characteristics (e.g. continuity of the model and its derivatives) will greatly influence the performance and convergence properties.  The format definition will not impose specific bottlenecks to achieving high performance in the implementation.

The passive model performance will be improved from a factor of 1x to more than 1000x.  The model generator can be an EM simulator that may take hours to produce a solution, but the circuit simulator will only have to interpolate a table within fractions of a second.  The ultimate performance will depend on the implementation and whether the table is stored in memory or accessed from disk storage during the simulation.

HP EEsof

Enhanced Envelop Simulator

Problem Statement

Simulating circuits with the signals found in today’s communication modulation formats challenges present-day time and frequency domain simulators. Currently, it is either impossible, or very time consuming, to simulate circuits using realistic, complex modulated waveforms and to include in the simulations the effects of modulated bias voltages, harmonics and device noise.  This is especially true for microwave circuits and subsystems containing mixers, modulators, demodulators, and voltage-controlled oscillators (VCOs), as well as systems that need to be simulated with pulsed radar signals or with signals whose carrier frequency changes significantly during the simulation.  Time-domain simulators such as SPICE are ideal for baseband and digital circuits, but they require long simulation time due to the large number of time points required to sample the high frequency carriers or pulsed waveforms used in today’s commercial and military applications.  Harmonic balance frequency domain simulators have overcome some of these limitations, but are suited only for steady-state applications.  

The Circuit Envelope simulator utilizes simulation technology that efficiently tackles modulated and transient high-frequency signals used in commercial communications.  However, military microwave applications often employ pulsed radar, which is a more complex scenario.  In order to simulate a typical microwave application, a wide range of device models must be included such as:  EM generated models of passive structures, nonlinear active models, and high level nonlinear behavioral models.  The initial version of the Envelope Simulator begins to address some of these issues, but it needs some significant enhancements to improve its performance for pulsed radar applications.

Task Description

This task includes WBS #ACLB.

Automatic time step control will improve the overall simulation speed by automatically selecting the right step size to achieve the desired accuracy.  For waveforms such as long radar pulses, this means that short time steps can be used during the transition edges, but then longer time steps can be used during the flat portion of the pulse.  The current version of simulator is constrained to use a fixed, user specified time step throughout the entire simulation.  This concept is illustrated in Figure 4.2.4.1-1.

Automatic carrier tracking will improve the overall simulation speed by allowing longer time steps to be used in cases where the carrier frequency is varying over a wide range of frequencies, but with a relatively small instantaneous bandwidth.  Phase lock loops for generating receiver local oscillator frequencies, or wide band chirp radar signals are two examples.  The initial version of the simulator is limited to fixed carrier frequencies, and so the time step must be small enough such that the resultant envelope bandwidth covers the entire carrier frequency range.

Equivalent noise sources will be added to both the active and passive models to add time varying noise waveforms to the simulation signals which then allows full nonlinear circuit and behavioral noise simulation.  This is a Monte-Carlo type noise simulation, and does not make any small signal, linearized assumptions.

An investigation will be performed, and a report written, on the feasibility of implementing a fast non-Monte-Carlo, linearized but time varying noise analysis within the Envelope Simulator.  This capability might also significantly improve the time domain optimization and sensitivity performance.  This task is presently limited to just a feasibility study.

The Envelope Simulator will be ported from its present Microwave Design Suite (MDS) design environment to the new, Hewlett Packard EESof Division  (HPED) merged design environment.  This will allow co-simulation with other simulators, such as the signal processing simulator, for mixed domain capability.  It also puts the simulator into a more open and more easily customized environment and one where measurements such as power added efficiency are available.
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Functionality

The simulator will be able to operate in either the current fixed time step mode, or be able to automatically determine an optimum time step to achieve the desired accuracy.  The user will be able to specify this desired accuracy, and the algorithm should either speed up or slow down the simulator, as needed, to maintain this desired accuracy during a simulation run.

The simulator will be able to simulate systems such as pulsed radar systems,  where the carrier frequency varies over a frequency range considerably wider than the instantaneous envelope bandwidth.  The variation of the carrier frequency with time will either be user specified or determined from the circuit itself.  The circuit and behavioral radar models must be accurate over the entire carrier frequency range, but they also should be efficient enough to not require lengthy, time-consuming convolutions when the instantaneous envelope bandwidth is small.

All the devices that have noise parameters associated with them for small signal noise analysis will now also work in the nonlinear, Envelope noise analysis.  Due to the bandlimited nature of waveforms during an Envelope simulation, the variable time step mode will probably have to be disabled during a nonlinear noise analysis.  Also, these noise waveforms are effectively bandlimited around each of the carrier frequencies, so totally broad band noise effects will typically not be simulated, unless the time step is made very small.

The incorporation of the Envelope Simulator into the new, merged design environment will allow co-simulation with the signal processing simulator.  This will enable incorporation of higher level system and DSP models, and some digital modeling.  This co-simulation will only include either the baseband component or just one of the Envelope Simulator’s carrier frequencies, since the signal processing simulator only handles a single center frequency.  The carrier tracking mode will not be supported in this co-simulation mode.

The new merged design environment will also enable more sophisticated measurements (such as power added efficiency) to be performed on the simulated results.

The envelope simulator will be able to execute VIOMAP models,  in addition to existing models and other models that will be developed under MAFET.

Usability

The user interface for the simulation control parameters will be done in a fashion consistent with the other simulators within the HPED design environment.  This will mean a combination of icon symbols with commonly used parameters being visible and editable on the schematic, and dialog boxes with on-line help for all the simulation control parameters.

While a nominal time step parameter will still be available, primarily for specifying the waveform display resolution, it will not be mandatory and its value will not be as critical as it currently is.  There will be an override mode, that disables the automatic time step algorithm and returns it to a fixed time step mode.  The desired accuracy will also be controllable, in terms of both an absolute and a relative error.

The carrier tracking user interface, since it is a brand new functionality, may evolve during the development.   Initially it is perceived that the user could define the carrier frequency explicitly beforehand when the sources are defined using the simulators equation capability, or have the carrier frequency linked to the fundamental frequency value of an “oscport” device during an oscillator analysis, or  have it linked to the output of an FM demodulator device.

The noise analysis implementation will be similar to other noise analysis simulator modes.  Ambient temperature will be settable at the global level.  Resistors and ports will have noise temperature parameters.  Most nonlinear devices will have individual temperature parameters. Equations can be used to define these temperatures.

Performance

While automatic time step control, even in baseband time domain simulators without convolutional devices, does not adequately work 100% of the time, it is expected that the MAFET enhancement work on the Circuit Envelope automatic time step control algorithm will work acceptably in greater than 80% of the standard test cases.  Depending on the type of simulation, it will provide a factor of 10x to 100x speed improvement over the present fixed time step version.

The accuracy of the carrier tracking mode may be limited to quasi-static effects, and not include arbitrary, full bandwidth carrier shifting effects.  There may also be some interactions between this mode and the automatic time step mode that require some additional user control.  However, it should give results to at least 1% accuracy for many significant cases, including wide-band phase lock loops and chirp radars.   The speed improvement will vary depending on the chosen benchmark, but should be in the 10x to 100x  range.

SDD/FDD User Defined Models

Problem Statement

HP EEsof with its symbolic behavioral model SDD (Symbolic Defined Device) offers a fast prototype alternative to user-compiled models.  This capability allows the user to create a user-defined nonlinear component without writing the equivalent source code.  Nevertheless, this methodology does not provide the speed of the user-compiled models because the constitutive equations of the SDD behavioral models are interpreted, not compiled.

Task Description

This task (WBS #ACLC) will develop a compiled version of the current HP EEsof SDD model.  The result will be greatly enhanced performance, thus allowing the easily generated SDD model to be comparable to use-compiled models.  In addition, the SDD model will be enhanced to support noise characteristics.

Functionality

The SDD is represented, on a user circuit schematic, as an n-port along with a table of equations, called constitutive relationships, specifying the relationships between the port variables. The SDD compiler will provide a method to interface the constitutive relationships with the simulator’s compiled model.

The symbolic equations are entered into the SDD using a symbolic expression package called SYM (a symbolic expression package which is derived from the program INSITE at UC Berkeley). The SDD compiler must be able to convert the SYM equations and their derivatives into direct C-code equivalents.  

The SDD compiler will be a stand alone tool integrated into the HP EEsof  Design Environment DE 1.0. This methodology environment will handle this new concept of compiled generated model, such as library management (Remove and Update), model name coherency and library sanity checks. 

The SDD compiler will use modular phases. This will allow an easy integration with various front end Parser and user-defined interfaces. 

An intermediate internal representation will be defined.  This will allow the model developer to perform some local code optimization to further improve the equation evaluations.

The initial implementation of the SDD compiler will have some limitations over the interpretation approach. Those limitations, such as complexity and nature of the equations, will be analyzed and defined. 

The compiled SDD models will compatible with the following simulators:

Harmonic balance

Circuit envelope

Transient

Convolution

Linear

Usability

The SDD compiler will be able to read a parametric subcircuit composed of only one SDD and the subcircuit parametric input parameters. Those input will then be automatically converted into a user-compiled nonlinear device.  

		      Sample SDD Schematic:                 	Sample SDD netlist
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The user will prototype his/her nonlinear device using HP DE. The restriction is that the nonlinear device must consist of a parameterized subcircuit containing one SDD or FDD.

After that, the user can then select the symbol of the nonlinear subcircuit and execute a menu pick: TOOLS/COMPILE/SDD  to compile and link his/her model into a relinkable version of  the simulator. The new device will be then added to the list of user defined devices.

The schematic symbol for the original SDD device will be copied and used as the schematic symbol for the new compiled device.

Performance

Various hand compiled models have been benchmarked against the SDD implementation and found that the interpreted SDD was 10x to 100x slower than a hand coded equivalent.  The speed of a SDD compiled model will be enhanced at least 10x relative to the current SDD technology.

Compiled generated models will be tested for performance and profiled to study the time spent by the simulator in the user code in comparison with the simulation execution.

Volterra Simulator

Problem Statement

At present the modeling of black box components depends upon models derived from curve fitting, optimization to mathematical functions, or fitting to a reduced complexity equivalent circuit.  Recently, techniques such as neural networks, time series techniques, and “Turlington functions” have been applied to the problem.  None of these techniques directly address the problem of extracting a black box model directly from measurements, nor do these techniques model the nonlinear characteristics of the input and output impedance's (like source pull and load pull effects). 

As integrated circuits and MCA’s get larger and more complex the simulation requirements will grow.  One way to reduce the simulation requirements is by modeling separate blocks in the system with “black box models.”  These black box models are much simpler than the full equivalent circuit and the accuracy is sufficient to predict the overall integrated circuit or MCA’s performance.      

The HP EEsof Volterra Series Simulator is an attempt to solve the “black box modeling” problem with a comprehensive and proven technology (Volterra Series).  Moreover the Volterra series approach can be used for generating black box models from circuit simulation data or nonlinear network analyzer measurements.  The Volterra series kernel is referred to as the VIOMAP (Volterra Series Input Output Map).  This VIOMAP is a ASCII table of numbers whose size is dependent upon the order of the Volterra kernel.  The first order terms of the VIOMAP are the traditional S-parameters.  The higher order terms model the non-linearities of the system.  For more non-linear systems higher order VIOMAP is needed.  The VIOMAP can be measured for any black box device without information about the circuit topology. 

Task Description

A Volterra series  non-linear frequency domain simulation model will be developed (WBS #ACLD) which will be integrated with harmonic balance and circuit envelope simulation. 

A Volterra series extractor will be developed which can generate VIOMAP kernels from non-linear network analyzer measurements or by harmonic balance simulation. 

The VIOMAP integration task is to implement the n-port, mth order VIOMAP kernel as a non-linear frequency domain device in the HP EEsof non-linear simulation environment.  The VIOMAP device will only require a reference to a VIOMAP data file.  This VIOMAP data file is an ASCII file with the Volterra kernel parameters and will resemble a S-parameter data file.  HP EEsof will be responsible for documenting this ASCII data file format for the MDE consortium members (neutral model format).  The VIOMAP device model will be integrated into the non-linear frequency domain simulation engines such as harmonic balance and circuit envelope.  Our first milestone will be to show functional VIOMAP devices in the harmonic balance environment and validate the VIOMAP simulation of two-port devices. 

The second major task is to be able to generate the VIOMAP ASCII data files.  We will implement a circuit simulation VIOMAP analysis which takes a non-linear two port subcircuit and generates a nth order VIOMAP description.  The MDE consortium did not fund the generation of the VIOMAP device from non-linear network analyzer measurements, but this  is being developed by Hewlett Packard’s Santa Rosa Systems Division.  To extract a VIOMAP kernel a precise set of non-linear port excitation phases and amplitudes are used.  If this set of “experiments” is not well designed then the quality of the extracted kernel will be degraded.  A large part of the extraction effort is related to automated “experiment” design.  This results in a VIOMAP extraction which is “turn-key” and requires little if any user intervention.  After the VIOMAP analysis is integrated in the HP EEsof harmonic balance simulator we can automate the validation of the VIOMAP device by comparing it to the results of a full non-linear simulation (for high power and significant  non-linearities).   

The third task is to extend the VIOMAP technology to encompass higher non-linearities such as comb generators and clipping amplifiers.  We will  extend the technology to treat mixers as  true three-port devices with two stimulus ports.  The extended VIOMAP technology might require extensions to the VIOMAP data file format, the VIOMAP simulator device, and the VIOMAP simulator analysis.

Functionality

Initially the VIOMAP work will concentrate on 2-port devices such as amplifiers, frequency doublers,  limiters,  etc.  Mixers can also be described as two ports assuming the local oscillator as included in the two port.

The VIOMAP device will be like any other circuit simulator device with the restriction that it can only be used for DC, S-parameter, harmonic balance, and circuit envelope simulations (not transient).

The extraction of the VIOMAP kernel will be accomplished by adding a new “VIOMAP” simulator analysis which relies on the harmonic balance simulation capabilities.     A VIOMAP kernel can be measured (using the HP Santa Rosa Systems Division nonlinear network analyzer) or simulated using the HP EEsof non-linear harmonic balance simulator. 

Initially the VIOMAP models will apply to moderately nonlinear systems (4-6 dB into gain compression).   After we have validated the simple 2-port moderately non-linear performance, we will try to extend the technology to more non-linear systems by making assumptions on the nature of the non-linearities which do not cause the size of the Volterra kernel to explode in size.      

Usability
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Figure 5.2.4.3-1:

The VIOMAP Device

The VIOMAP device will be described as a black box N-port device with a reference to a VIOMAP ASCII file as shown in Figure 5.2.4.3-1.  The parameters of the device are completely described by the reference to the VIOMAP data file.  The format of the VIOMAP data file will be documented for the MDE consortium.  The analysis and schematic representation will be for the new merged HP EEsof design environment.  Once this device has been entered on the schematic it may be simulated in conjunction with any other passive or non-linear devices using the harmonic balance or circuit envelope simulation engines. 

The VIOMAP analysis will also be integrated into the merged HP EEsof design environment.    The control parameter of the analysis will be available as a schematic based control block or from a simulation setup dialog box.  The VIOMAP simulation control requires the following specifications:

The large signal excitation ports to be defined

The order of the kernel must be specified 

The maximum number of experiments (harmonic balance analyses)

The resultant VIOMAP file must be specified

Performance

The simulation of a 6 stage traveling wave amplifier (TWA) using a VIOMAP based behavioral model will be a factor of 10 to 100 times faster than the detailed equivalent circuit.

The accuracy (of the above TWA example) will be comparable in terms of harmonic distortion and gain compression  (up to 6 dB in gain compression).

The VIOMAP extraction speed will require many harmonic balance circuit simulations and therefore will require more time than a single power harmonic balance simulation.    

UCSD

Non-Linear Circuit Simulation Improvement

This task is currently under negotiation and will be defined once the sub-contract is complete.

Problem Statement

Task Description

Functionality

Usability

Performance

Electromagnetic (EM) Simulation

The electromagnetic simulation section includes both planar (2.5-D) and full 3-D EM simulation tools.

Ansoft

Maxwell Eminence Enhancements

Problem Statement

Current MCA's use packaging technologies that can impact the performance of internal circuitry.  In addition, the complexity and density of MCA's is continually increasing.  Emerging technologies are also incorporating more 3-D structures as an inherent part of the design.  Current full 3D EM simulators are not capable of simulating more than small isolated structures due to the excessive time and compute resources that are required.  This results in an empirical approach to identifying and resolving performance issues related to high density packaging and interconnects.

Task Description

Ansoft will address the above problem through performance enhancements to their Maxwell Eminence full 3-D EM simulator.  The following tasks will be addressed:

Enhanced Efficiency Algorithms (WBS #AEIA): The matrix employed in Maxwell Eminence and HFSS is indefinite and requires the use of a direct matrix solution technique. A procedure that generates positive definite matrices would allow the resulting matrix equation to be solved by using a fast iterative matrix solution algorithm such as the preconditioned conjugate gradient algorithm. The resulting speed improvement could be dramatic.

Improve Meshing Algorithms (WBS #AEIB):  Maxwell Eminence and HFSS currently employ the best meshing algorithms in the finite element arena, but there is still room for improvement. How the mesh is created and how it is refined in the adaptive mesh refinement process can be made more efficient. The programs currently employ second-order finite elements that have a greater accuracy than first-order elements. However, one should be able to obtain even greater accuracy with a smaller mesh using third-order or other high-order elements. 

Macro Elements (WBS #AEIC):  The user would be able to define sections of the model as a block.  Currently, such blocks are each treated separately and divided into numerous finite elements. If a geometric detail is repeated within the device, the current software meshes this detail and solves it over and over without taking into account the fact the detail is repeated. With a macro element, such geometric details would be meshed only once and an equivalent macro element computed for the structure. This macro element would then be used wherever the detail exists, greatly speeding up the solution process. 

New Procedures Based on Wavelet-like Approximation Functions (WBS #AEID): Wavelets have traditionally been used with integral equation methods to provide orders of magnitude speed up compared to traditional approximation functions.  This task will develop new finite element procedure that uses wavelet-like approximation functions.  The result should be faster simulations that provide more accurate results

Multithreading and Parallel Processing (WBS #AEIE): This code must be reworked from the beginning in order to make it truly efficient in these computer environments. The goal will be to allow the code to run very efficiently on multiprocessing computers and on distributed computer networks. On a computer network, procedures will be developed to allow Maxwell Eminence and HFSS to run in parallel on several networked workstations instead of only one at a time as is currently the case.  Which platform to use is still under consideration.  The choice is between Solaris and NT platforms.

Parametric Analysis Capability (WBS #AEIG): Maxwell Eminence and HFSS will be enhanced by the addition of a parametric analysis capability. Ansoft has already implemented a parametric analysis capability in its 2D software and has performed initial studies in the development of this capability in 3D for Maxwell Eminence and HFSS. As part of this effort an interface to ProEngineer will also be implemented.  This will greatly enhance the ability for concurrent engineering.  As an example of its use, consider the case where a designer has some parameter in the design that due to manufacturing tolerances or the  material supplier can in fact vary over a range of values (i.e. the relative e of the substrate that may vary from 2.2 to 2.4).  The device could then be simulated over this entire range of values to determine the  effect of this parameter on device yield.  A 2 way interface with HP EEsof and Compact will be developed if file structures and applications are available.

Noise Floor (WBS #AEII):  The transfinite element procedure that is used in Maxwell Eminence and HFSS is an efficient procedure for determining the coupling between ports and apertures.  The resulting simulations are often accurate for [S] parameters down to the -40 to -50 dB range. An example would be the reflection coefficient  (S11) for a straight section of a waveguide.  It is proposed to investigate this noise floor and to determine its origin.  If it can be repaired it is hoped that a noise floor of -80 to -90 dB would be the result.

Adaptive Absorbing Boundary Condition Procedure (WBS #AEIJ):  Current absorbing boundary conditions (ABC) are efficient and provide answers that are accurate to 1-2% when considering the near field values.  It is proposed that an adaptive absorbing boundary condition be added to the simulator.  This new ABC will provide more accurate answers and allow for closer ABC to geometry spacing.

Enhanced Data Presentation (WBS #AEIK):  Enhanced 2 and 3 D graphics will be added to the current post-processor.  The field visualization will also be improved by the addition of a dynamic field post processor that takes advantage of the hardware graphics acceleration to create and animate plots in near real time. A procedure that allows the code to be run in the batch mode will be developed.

Functionality

User will have the option to choose the order of the elements to suit the given problem resulting in a better mesh.  Better meshing should result in fewer elements and hence, smaller compute times, needed to obtain a given accuracy.

Reduced solution time for those geometry's with geometric details that are repeated several times

Support for multiprocessing computers and distributed computer networks to provide improved solution times 

Support for accurate simulation of problems involving radiation

Improved post-processing power for analyzing the field values from a given simulation

Parametric analysis will enable:

The ability to vary material properties, boundary conditions, frequency and spatial relationships between objects

A spreadsheet of design parameters to be computed by varying the previous parameters

Hooks to optimization by which parameters can be varied depending on the results of an earlier computation

The opportunity for optimization and statistical analysis such as the Design of Experiments (DOE) for Sensitivity   

Usability

Changes to the meshing algorithms will be invisible to the end user.  The option to set the order of the elements could be added to the interface.

The user will have the option to define sections of the solution space as a macro element and to repeat this section through the model.  The resulting computation of the equivalent macro element will be handled automatically by the code.

The appropriate users will be able to set up their problems to take advantage of multi-processor or distributed hardware systems

The user will be able to setup the geometry of interest using the Eminence modeler or ProEngineer.

Parametric analysis will allow the user to define the parameter that is to be varied and the range of values over which it will be simulated.  Once the simulation is complete the results will be presented in a spreadsheet.

With the new ABC, the accuracy of the results will be user selectable by choosing the number of adaptive simulations to be performed

The user will have many more options available when studying the results from a simulation.

Performance

Overall algorithmic speed improvements of a factor of 10 compared to the current code (MDE 0.0) will be achieved.  This improvements will be obtained with equivalent solution accuracy.

Multithreading should result in a speed improvement of 10 or more, depending on the hardware available for the solution. This performance enhancement is directly attributable to the hardware (multiple CPU), however, the work involves specifically rewriting the software to take advantage of multiple CPUs.

A noise floor of -80 to -90 dB is the goal, resulting in improved accuracy

With the adaptive ABC, 100% accuracy (except for discretization error) is possible even for boundaries that are placed very close to the radiator.  This will enable the simulator better able to solve large radiation problems.

By employing a data driven computational model, the new post-processor should be able to perform calculator operations 10 times faster.

With the improvements to the solver, the amount of RAM needed to solve most problems should be reduced by a factor of 2.  The amount of disk space needed for temporary storage should be reduced by a factor of 10.

Cadence

MIT FASTWAVE Development

Problem Statement

For simulating complicated 3-D microwave structures,  standard Method-of-Moments solvers require order n-cubed computation time and n-squared memory.

Task Description

Cadence will work with MIT (WBS #AEJC) to develop both a 3-dimensional quasi-static and full-wave field solver.  MIT has methods for 3-D field solvers that appear to be extremely efficient. For example, MIT has developed FastCap and FastHenry. These are 3-D capacitance and resistance/inductance extractors that have developed a good reputation for being robust, accurate, and quite fast. They are based on boundary-element methods that panel the conductors, rather than space. So they are equally well suited for open (no cavity) and closed (in a conducting cavity) problems, and uncritical of panel placements.  FastCap and FastHenry employ multipole acceleration to reduce solution time to the point where it is proportional to the number of panels. This allows much larger problems to be addressed.

It does not appear to be a difficult challenge to combine FastCap and FastHenry into one quasi-static 3-D RLC extractor.  However, extending multipole acceleration to full-wave problems will be difficult.  MIT will develop FastWave, a near-linear-time linear-memory precorrected-FFT accelerated Method-of-Moments-based full-wave analysis.   In addition to generating S-parameter results, an Arnoldi-based model order reduction algorithm will be developed to provide accurate SPICE-model generation for efficient time-domain simulation.

Functionality

Fast 2.5-D to 3-D EM Simulation:

Well-Conditioned Formulation.

Iterative Method plus preconditioning.

Kernel Independent precorrected-FFT.

Arnoldi-Based Model-Order Reduction:

Automatic SPECTRE Models.

Robust Orthogonalization Approach.

Reliable Accuracy.

Usability

The commercialization of MIT's work will be considered after a proven prototype is available and its behaviors are well understood. The use model issue will be revisited towards the end of the research phase.

Performance

MIT expects that the algorithm itself will be "100 times faster than the standard Method-Of-Moment EM solvers for moderately sized structures" for problems with as few as 30,000 unknowns. This 100X performance gain should not be viewed as a definitive measurement, the final result must wait till the research effort has researched a more conclusive stage.

Compact

Microwave Explorer Enhancements

Problem Statement

Existing 3D planar (2.5D) electromagnetic simulation tools are not capable of simulating large structures with more than about 4000 problem unknowns due to limited computer memory and CPU speeds.  This limits EM analysis problems to the size of small matching structures on MMICs and MCAs.  It is desirable to enable the capability of analyzing entire MMIC circuits and larger portions of MCA circuit boards using EM analysis to attain a high degree of accuracy within the desktop computer performance capabilities.  To realize this goal, both speed enhancements on the order of 100x and memory reduction must be addressed as outlined in Section 3.3.1.2.  Additionally, a wide variety of structures as outlined in Section 3.3.1.3 need to be considered to support entire MMIC simulation.  Lumped elements and active devices need to be included in the EM simulation to analyze entire MMICs.

Task Description

Compact Software’s tasks for 3D planar EM simulation address two areas:

Accelerated 3D Planar EM Simulation (Task AEKB)

Lumped Element Extensions to 3D Planar EM Simulation (Task AEKD)

These two tasks will enhance 3D planar EM analysis to achieve the following:

Speed improvement by a factor of 100x (in the three baseline years).  This factor is projected to be split between a 6x contribution from hardware and a 16x contribution from software (Task AEKB).

Reduction of memory required to analyze a given problem while maintaining the same accuracy.  The projected memory reduction factor is (N/40) where N is the number of problem unknowns.  This results in a better reduction factor with a larger structure (Task AEKB).

Add the capability of including lumped elements and active device models into the circuit.  This enhancement will alleviate the current requirement of structure partitioning between distributed and lumped elements and enable the simulation of an entire MMIC circuit within Microwave Explorer (Task AEKD).

Functionality

The functionality required by these tasks include the need to analyze larger structures in less time with the equivalent accuracy.

Support analysis of an entire MMIC structure, consisting of approximately 20,000 unknowns

Inclusion of lumped elements (e.g. resistors, capacitors, and inductors) and controlled sources (e.g. voltage-controlled current source) within the structure being analyzed will be supported

The technique used for 3D planar analysis in Microwave Explorer is the electric field integral equation in the spectral domain.  The enhancement of this technique using iterative solving methods indicates that it will be most efficient for structures where metal composes most of the total surface area of each metal layer.  Therefore, it is expected that CPW, mixed CPW/microstrip, and dense microstrip circuits will benefit the most from this technique.  This will allow fine meshing to be used for high accuracy and allow fine grid spacing for accurate definition of structures.

The functionality that will be addressed for lumped element insertion into a circuit includes:

Arbitrary number of lumped elements

Arbitrary connection of lumped elements (i.e. connections to other lumped elements and connections between layers of metal)

Allow lumped elements to occupy a physical space in the structure (e.g. transistor)

Usability

These tasks address enhancements which will be integrated within the Microwave Explorer tool.  

The user of the tool will be able to utilize the speed and memory enhancements transparently.  

The enhancements will allow finer structure definition and large structures to be entered into the tool using the same (or similar) mechanism for structure entry that exists at MDE v0.0.  

Microwave Explorer will also enable the user to place lumped elements and controlled sources directly into the structure with arbitrary node connections.

Performance

The speed performance of 3D planar EM simulation will be improved by 100x while the memory reduction factor will be N/40, where N is the number of problem unknowns.  These performance improvements will be relative to MDE 0.0 capabilities.

There will not be any significant performance degradation when lumped elements are included in the analysis.

Enabling lumped elements in the EM analysis will boost the performance of design entry. It will eliminate the manual partitioning of the structure, and remove the need of a circuit simulator and other tools which assemble the overall results.  This manual partitioning is prone to errors and inaccuracies.  By performing the entire analysis within a single tool, design entry efficiency is improved and better accuracy can be attained.

The simulation accuracy will not be degraded as a result of the speed and memory improvements

Microwave Conqueror Enhancements

Problem Statement

Present 3D electromagnetic simulators that address arbitrary geometry's are highly limited in the structure complexity that can be analyzed due to CPU speed and memory requirements.  Novel techniques are needed to enable analysis of MCA packaging structures, package interconnects, and transitions achievable on desktop computing workstations.  Improvements of 100x speed enhancement are needed to realize analysis times useful for design and optimization of these structures as outlined in Section 3.3.2.2.

Task Description

Compact Software will address speed enhancements and memory utilization in task AEKA - Accelerated 3D Arbitrary EM Simulation.  This task will utilize several numerical methods to realize a speed improvement factor of 100x in the three baseline years.  The 100x factor is composed of a 6x contribution from hardware and a 16x contribution from software improvements.  The numerical methods include:

New and efficient mesh truncation schemes to reduce the number of unknowns

Combining FEM and MoM techniques to apply the flexibility and speed advantages of each method and achieve faster simulation

Sparse matrix solvers using direct and iterative methods to boost speed and reduce memory

New and efficient adaptive mesh generation and new mixed finite elements to reduce the number of unknowns

Flexible meshing schemes to avoid re-meshing when the structure is tuned or optimized

The approach centers on optimizing the mesh for microwave and MMW structures to reduce the number of unknowns while preserving accuracy. This combination will achieve the speed improvement goals and enable much larger and complex structures to be analyzed for MCA design.

Functionality

The functionality required by this task include the need to analyze larger structures in less time with the equivalent accuracy using the speed metrics of 100x.

Analysis of a large, complex MCA packaging problem to be defined in the benchmarks (that cannot be analyzed in MDE v0.0 due to memory or CPU speed limitations)

The methods and approach used for this task are very general and, at this time, there are not any specific functional limitations that can be foreseen.

Usability

The enhancements will be integrated into Compact Software's HDMP-funded 3D Arbitrary EM simulation tool, currently named Microwave Conqueror.

The enhancements will be available transparently through the tool; that is, the structure, material, and control information used to define an EM problem will remain the same.

The structure editor currently used for the EM simulator is ProEngineer and it is expected to remain so during the course of the work.

Performance

Improved simulation speed of 100x is the performance goal of this task.  This improvement will be relative to MDE 0.0 capabilities.

Memory utilization will be improved and thereby reduce the CPU time and enable larger structures to be analyzed.

The simulation accuracy will not be degraded as a result of the speed and memory improvements

Sonnet

em Enhancements

Problem Statement

In the period from 1989 to the present, electromagnetic analysis transitioned  from academic research into mainstream microwave design. However, even now, electromagnetic analysis has realized only a small part of its ultimate potential. The total potential can be realized only by removing the limits that constrain presently available commercial tools. These limits are found in three areas: 1) speed of analysis, 2) user interface, and 3) functionality.

Specifically, much work today requires analysis error on the order of 1%, the 10% error commonly found in circuit theory being unacceptable. In order to analyze an entire circuit electromagnetically today, the subsection size must be made so large (in order to realize a practical analysis time) that error levels exceed that of circuit theory. The 1% error level is not yet practical for a complete circuit. Thus, higher speed is needed 1) to solve large problems at 1% error, 2) to solve smaller problems at a much more rigorous 0.1% error, 3) to allow more general application of existing capabilities like lumped model generation and electromagnetic optimization.

However, raw speed is insufficient, by itself, to provide a tool that is actually used by the microwave designer. The designer must be able to access the raw speed easily, usually by means of a properly designed user interface. In addition to a convenient user interface and analysis speed, the proper functionality must be available so that the designer can obtain the desired results.

Thus, the three areas to be addressed in this work can be summarized as allowing the microwave designer to 1) quickly, 2) and easily, 3) get the desired result.

Task Description

For speed enhancement, Sonnet is pursuing an aggressive 1000x goal. Of this, 10x is attributed to internally sponsored work (arbitrary shaped subsections with edge singularity included), 10x to faster computers, and 10x to task AEOA, “Circle of Influence”. This task allows the rapid calculation of the coupling between far-spaced subsections.

Of course, the speed improvements must be realized while maintaining the 1% error criterion. Without the error constraint, the 1000x “speed improvement” could be realized today by simply comparing two analyses of the same circuit, one performed with very small error (i.e., small subsection size, long analysis time) and one performed with large error (i.e., large subsection size, short analysis time). Thus, quantitative measurement of the error is an absolutely critical part of the speed enhancement task.

Task AEOB, Interfaces Between Tools, is a user interface enhancement.  It involves developing interfaces from Pro-Engineer to Sonnet and KCC (a volume meshing electromagnetic analysis).  It has been suggested that the Sonnet be interfaced to IFF (Intermediate File Format) instead. This is under consideration. Interfacing KCC to IFF may not be practical as KCC is a 3-D arbitrary analysis and such structures are not easily specified in IFF.

Other user interface tasks include AEOE, User Guided Circuit Sub-division, which allows a user to specify what kinds of analyses to use on various portions of a circuit. Splitting the circuit into pieces, performing the required analyses, and reconnecting the results will be performed automatically.

Task AEOG involves adding a palette of standard geometry's to the Sonnet graphical editor, “xgeom”, for those users who use that tool to generate their circuits.

Functionality enhancements include Task AEOC, Change of Dielectric Constant, which allows bricks of dielectric to be placed within a given layer.  This allows structures like dielectric capacitors, substrate gaps, and dielectric walls to be analyzed.  Task AEOD, Inclusion of Lumped Elements, allows lumped elements to be included in an electromagnetic analysis without resorting to an external circuit theory analysis.

Task AEOH, Automatic Discontinuity Model Generator, will create lumped or S-Parameter based models for passive structures.

Functionality

Enhancements to Existing Tools 

Rapid evaluation of coupling between far spaced subsections

Provide capability for analyzing chip capacitors, dielectric walls and gaps in substrates by allowing different dielectric constants in a given dielectric layer

Allow inclusion of lumped elements and S-Parameters so that an external circuit theory simulator is not needed

Allow use of FFT-like algorithms even with non-binary substrate sizes

Enhancements For New Tools

Develop interface from Pro-Engineer (or IFF) to Sonnet and KCC

User indicates how circuit is to be sub-divided for analysis, then the subdivision is performed, all required analyses executed, and the resulting data re-assembled into the final result

Generate discontinuity models for direct inclusion in existing circuit theory programs

Usability

Provide support for non-X-Window based operating systems like Microsoft Windows, Windows 95, or Windows NT.  The exact same code will run on all supported operating systems (in addition to the current X-Windows specific code), requiring only a re-compile for each system.

Easy user generation of more arbitrary geometry's in Sonnet’s geometry capture

Performance

The central objective of these enhancements is a substantial speed increase of 1000x relative to current (MDE 0.0) capability.

The speed improvement will be achieved with equivalent accuracy.

University of Colorado

Fast Parasitic Coupling Algorithms

Problem Statement

It is becoming increasingly important for high frequency design engineers to consider parasitic coupling in their circuit layouts as circuit layouts are made denser, and performance characteristics are pushed higher.  Parasitic coupling is defined to mean unintended coupling between two circuit elements.  This type of coupling can have deleterious effects on the circuit's performance, even though the absolute level of coupling may be quite small. High frequency circuit simulators cannot presently account for this type of coupling unless the designer explicitly includes it.  The problem is the designer does not have a good model for the coupling, and does not know which elements to include in the analysis.  It has been suggested that field simulators can calculate the parasitic coupling.  In principle this is possible, but in practice it is not a viable solution because of the excessive computer resources required.  A faster method for calculating parasitics between lines is needed.   

Task Description

What is needed, is a quick, approximate tool that can give the designer an idea if parasitic coupling is a problem.  The tool (WBS #AEPB) should be fast enough, that the designer can use it to check for possible degradation in circuit performance at several dozen frequency points.  The tool should not increase the simulation time excessively when parasitics are included.  A good goal to shoot for is that the simulation time should no more than double with parasitics included.  The accuracy of the tool needs to be sufficient that the designer can determine if parasitics are needed.  The goal is not to create a tool which gives coupling levels extremely accurately; if such information is needed, a more accurate but slow field simulator should be used.  For example, a designer checks an amplifier design for parasitics, and finds the tool giving 25 dB in performance degradation.  The designer does not care if the actual degradation is 24 dB.  Rather, he or she knows that a redesign must be carried out that gets rid of the parasitics problem.   

Functionality

The models will give an order of magnitude estimate of the coupling in a circuit, and indicate to the designer that a parasitics problem exists.  

The first models developed will be for parasitic coupling between two lines.  Later, the method will be generalized to give the coupling between N lines.

Models for both microstrip and coplanar lines will be developed.

Usability

The models will be implemented as C subroutines which are capable of being inserted in commercial circuit simulators as user defined models

No effort will be made to develop stand-alone code with pre- and post-processing capability.

The models will be implemented in the programs in such a way that they are straight forward for a designer to use.  Issues that need to be addressed therefore include: type of icons to use; what does the designer need to specify; how much drawing is needed.  The level of sophistication of the tools will increase as the best way to use them is made more apparent with use. 

Performance

The algorithms will be tested on a number of structures.  These structures will be chosen for their susceptibility to parasitic line coupling.  Good candidates include planar, line filter structures in microstrip and coplanar configurations.

The accuracy of the models with respect to the coupling will be within 1 dB typical.  This level of accuracy is required to be useful to a designer.

The analysis time will be less than 2 seconds per frequency.

The time required for a designer to set up a simulation using the model will be comparable with other circuit simulators using netlist

Package Effect Analysis

Problem Statement

The effects of packages on the performance of the microwave circuits housed inside become more and more important as we move to higher frequencies and smaller packages.  Designers need to estimate the package effect before the circuit layout is finalized.  In  the current state-of-the-art, different approaches are used for simulation of the microwave circuits (for their analysis and design optimization) and for simulation of the packages (for computation of resonant frequencies, etc.), but none of these provide an estimate of package effects on circuit performance.  Clearly, a reasonable method needs to be developed to solve this problem. 

Task Description

In this task (WBS #AEPA), it is proposed to develop a "network" model for incorporating the effect of electromagnetic fields inside the package. More specifically, we would consider microstrip circuits contained in a rectangular metallic package. Packages modify the circuit's performance by modifying the spurious interactions between various discontinuities. This task will focus on modeling of these interactions in the presence of a package and their dependence on the package dimensions.

The approach used for this task may be summarized as follows.  A surface located on the top side of the substrate containing the circuit is considered to separate the circuit portion below, from the rest of the electromagnetic fields above this surface in the package enclosure.  Use of Schellkunoff's equivalence theorem allows all the sources underneath this surface to be expressed in terms of a distribution of equivalent magnetic current sources located on this fictitious surface separating the circuit and package regions.  Interactions between various magnetic current elements give rise to spurious coupling between various parts of the microstrip circuit.  In this task we will develop algorithms for modeling these interactions  and their effect on the circuit's performance. 

Functionality

The software will estimate the effect of a rectangular metallic package on the functional performance of a microstrip circuit inside the package

Non-planer structures such as bond wires will not be supported.

Usability

A commercially available microwave circuit simulator is required to analyze the circuit to obtain the RF voltage distribution through out the circuit, in the absence of the package.

The developed software will utilize the RF voltage distribution information from the circuit simulator, along with the package information, to estimate the affect of the package on the circuit.

The circuit simulation results will be available in print out format.

The package information will be inputted through the use of netlist format similar to most circuit simulators

Performance

The accuracy, for simple canonical structures, will be relative to a fullwave analysis (carried out using commercially available 3-D simulators)  and will within TBD ( Data not available for comparison at this time).

The time required to setup the analysis (excluding the circuit simulation) will be similar to circuit simulators.

The analysis time associated with the package effects will be comparable to circuit simulators

Models, Libraries, and Modeling Tools

The Models, Libraries, and Modeling Tools section includes generation or enhancements of new models.  It also includes tools for user generation of models (as opposed to the models themselves), as well as model extraction and validation support.

HP EEsof

Passive Model Generator

Problem Statement

Existing passive models in commercial circuit simulators have limitations which degrade the accuracy of conventional millimeter-wave analysis.  Designers are impacted by the restricted accuracy of a model’s approximation depending upon the choice of material properties, substrate thickness, geometric dimensions, or frequency range.  Often, no passive model exists to permit modeling an important parasitic effect. Model creation is too time consuming to achieve parity between millimeter-wave and microwave circuit simulation capabilities using traditional development methods.

Task Description

This task includes the following (WBS #AGLA).

Leverage pre-existing HP EEsof EM capabilities in Momentum,  the HDMP 2D EM Simulator and the HDMP 3D EM Simulator into a Millimeter-wave Passive Modeling System which will be seamlessly integrated within the HP EEsof Design Environment for high-frequency multilayer technologies.

Customize Momentum, the HDMP 2D EM Simulator, and the HDMP 3D EM Simulator to meet the needs of discontinuity and transmission-line model generation for multilayer millimeter-wave applications within the HP EEsof Design Environment.

Adaptive frequency and geometric parameter sampling algorithms will be used to control the population of a multi-dimensional database (which stores the EM-generated Passive Model Generator results) and to minimize the number of EM simulations required to generate a model.  Appropriate interpolation algorithms will be utilized for effective data retrieval from the multidimensional database. Database file formats will be made available as multi-dimensional extensions to existing HP EEsof data file standards.

Functionality

The Millimeter-wave Passive Modeling System will be comprised of three different EM simulation engines, each matched to the special requirements of particular classes of multilayer, multi-conductor geometry's and models.

Multilayer Planar Discontinuity Modeler (for 2.5D strip-slot-via structures)

This discontinuity model generator is focused on both substrate-specific uniplanar junctions (e.g., traditional discontinuity junctions on open/closed microstrip, stripline, CPW/GCPW) and multilayer planar junctions and transitions.

Supported capabilities include zero thickness conductors, cylindrical vias, strip-slot layer transitions, and open region effects.

The underlying formulation is the general, strip/slot,  multilayer methods-of-moment engine found in the commercial Momentum product.

LineCalc-EM (for transmission-line cross sections)

This transmission-line model generator is focused on arbitrary 2D cross section transmission-line structures and will characterize the propagation constants and impedances of multimoded multilayer media (attention will be paid to ease-of-use issues associated with multiconductor transmission-line impedance definitions).  The focus is on coplanar/strip problems which are TEM like.  The waveguide case is not being addressed in the first implementation.

Supported capabilities include multilayer technologies, multi-conductor systems, mixed strip-slot cross sections, zero and finite thickness conductors, side walls, finite extent substrates and anisotropic material properties.

The underlying formulation is the general 2D finite element formulation developed as part of the HDMP Program.

General Discontinuity Modeler (for the more general multilayer problem)

This model generator is focused on arbitrary 3D structure modeling and is most appropriate for those discontinuities and junctions which have more 3D character or modal complexity than what is supported by the Multilayer Planar Discontinuity Modeler.  

Supported capabilities are 3D analogs to LineCalc-EM, but also include general 3D shapes (e.g., tapered vias) and higher-order mode circuit parameter characterization.

The underlying formulation is the general 2D/3D finite element formulation developed as part of the HDMP Program.

The use of EM simulators in the model generation process will allow designers to become aware of undesired higher-order effects earlier in the modeling process.  For example, because traditional circuit simulators accommodate only single mode analysis, the Millimeter-wave Passive Modeling System will alert the designer to the presence of propagating higher-order modes and the potential loss of accuracy should this type of data be used in a subsequent traditional circuit simulation.  Current circuit simulator passive models do not take this information into account and will produce circuit simulations which are not accurate representations of the physical circuit behavior in the presence of higher-order propagating modes.

General capabilities/restrictions:

Electrically small in size

Electrically isolated from other circuit elements and discontinuities

Process-specific substrates

Capabilities not supported:

Temperature dependence

Localized heating effects caused by high current densities

Higher-order mode circuit simulation capabilities cannot be supported due to inherent limitations in existing commercial circuit simulators (appropriate warnings when higher-order modes are determined to be present will be provided to the user).

Usability

Ease-of-use is a key component for the successful deployment of passive model generator capabilities.  

Within the HP EEsof Design Environment, all structures (transmission-line cross sections, planar discontinuities/transitions and 3D structures) can be created either from schematic (for pre-existing shapes) or layout.

Transparency of EM simulation and the retention of traditional circuit simulator performance are the ultimate usability goals. 

Designers who use standard components already available in the Passive Model Library (supplied with pre-existing commercial HP EEsof circuit simulators) will be able to build a new library of EM-based solutions without having to create parameterized planar geometry's.

Designers who require more arbitrary discontinuity shapes will be able to utilize the layout capture tools of HP EEsof to configure a parameterized geometric representation which will automatically create all structures required for EM simulation as determined by the adaptive parameter sampling algorithms.

Data retrieval from the nonuniformly populated multidimensional database will be automated and controlled by algorithms matched to those which created the adaptively sampled parameter space.

No post-processing required

No visualization (except for transmission-line mode patterns) capabilities will be included

Performance

Initial performance will be characterized for planar geometry's against a suite of test structures taken from the MDS Passive Model Library.  This test suite is identified in the following table.  The objective is to have the Multilayer Planar Discontinuity Modeler (for 2.5D structures) accurately and automatically build an adaptively sampled multidimensional s-parameter database for this test suite in less than one week.  Additional test suites will be constructed at a later date to assess model generation performance on CPW/GCPW and multilayer substrate technologies.

Test Suite for

Multilayer Planar Discontinuity Modeler

(microstrip substrate)��symmetric step-in-width�90-degree chamfered bend��symmetric cross junction�optimum 90-degree chamfered bend��symmetric t-junction�rounded bend��symmetric gap�asymmetric gap��open end�slit��tapered line�asymmetric t-junction (#1)��shunt via (1-port)�asymmetric t-junction (#2)��shunt via (2-port)�asymmetric cross junction (#1)��square-cornered bend�asymmetric cross junction (#2)��angled-chamfered bend���Planar Structure Test Suite for the 2.5D Passive Model Generator.



Designers who are interested in more complicated parameterized geometry's will experience longer database population times relative to the simpler uniplanar junctions due to several factors:

 Topologies which contain greater geometric complexity will result in EM simulations which require the solution of a relatively larger matrix which will take a correspondingly longer time to solve;

 Topologies which contain an increased number of parameterized  geometric components will require a larger number of EM simulations and will take a correspondingly longer time to complete the population of the multidimensional database;

Topologies which contain general 3D character will require a 3D EM simulation capability and, consequently, can take longer to characterize than many typical 2.5D structures. 

The accuracy of models generated by the passive model generator will be better than the analytical models found in the circuit simulators today, but not always as good as uniquely generated S-Parameter models for a specific geometry and substrate.

Active Physics Based Model Generator

Problem Statement

At present, accurate simulations of FET-based circuits depend on models extracted from measurements on existing transistors.  On the other hand, physical device simulations offer predictive models of the active device based on physics, geometry, and material properties, without the requirement of producing the device.  Using such a physically-derived model in a circuit simulator provides the link in the chain for predicting circuit performance directly from the underlying active semiconductor device technology.  This is the "forward modeling" process.

This capability is necessary in order to optimize transistor structures for circuit or system-level performance.  The proposed capability will allow circuit designs to begin before processes are developed and devices are manufactured, thus decreasing the overall new process/product development cycle time and also reducing development costs.  It also reduces costs by helping identify only the most promising device designs for eventual processing and manufacturing.

An ability to relate circuit performance back to the semiconductor process is also desirable.  This is the "reverse modeling" capability. It will allow better process control and facilitate manufacturability, thus reducing costs.

Taken together, forward and reverse modeling provides the capability to predict the circuit-level effects of device-level process changes in a manufacturing environment.

There is also a need to predict the inevitable statistical distribution of circuit performance which results from the underlying variability of the active semiconductor devices.  This is especially important since active devices are likely to be the primary source of circuits performance variability.  The relationship between the device physics and circuit-level models can provide this statistical data without the need for manufacturing and characterizing the devices, and then correlating the results to measured circuit performance.  Yield and circuit 

sensitivity to process variations can be estimated during the process development stage.

Task Description

A physics-based active device model generator will be developed (WBS #AGLB).

MESFET technology will be addressed first, followed by HEMTs (including PHEMT and double pulsed doped).

The task is to implement a suitable interface between the Leeds Physical Model (LPM) device simulator and the HP MDS circuit simulator.  Eventually, this interface will be extended to the HP Gemini simulator in the new HP Design Environment.  The LPM will be used to solve, numerically, the relevant partial differential equations that describe the device physics of MESFETs and HEMTs.  The LPM simultaneously provides an accurate and extremely efficient solution suitable for sub-micron gate-length MESFETs and HEMTs.  The LPM has been validated on a number of devices for DC, small- and large-signal operation and already used successfully for device design at M/A-COM.

The solutions of the physical equations, under suitable excitation conditions, will be used to "feed" the tables of the HP ROOT large-signal FET model implemented in HP MDS, HP-EEsof Libra, and HP Gemini circuit simulators.  This enables large-signal, small-signal, dc, etc. simulations of circuits based solely on physical, geometrical, and material input at the device level.

Functionality

For MESFETs and HEMTs, the user will provide inputs for channel geometry, materials, doping profile, layer structure, etc.

Parasitic access resistances and port impedances around the intrinsic device, contact resistances, etc. can also be specified by the user.

Outputs will be the tabular model data file defining the constitutive relations and other parameters for the HP ROOT large-signal (non-linear) MESFET/HEMT model.

The LPM will provide directly DC-IV curves, frequency-dependent S-parameters, as well as the extraction of typical small-signal circuit model parameters without the need of the intermediate circuit model.

Other outputs include electric field, potential, electron velocity, carrier concentration, etc.  as a function of position in the channel.  This physical information offers great insight into device operation and often gives clues for improvement of device design.

The HEMT model includes a charge-control model for the quantum well and allows the possibility to optimize the layer epitaxy.

Other features include the ability to simulate ungated structures, as an aid to manufacturing, and to sweep recess depth to achieve a given channel current target.

Design of experiments (DOE) capability for modifying physical parameters and interpreting the sensitivities will be provided.

The Model has DOE (full-factorial and sensitivity analysis) capability and the ability to generate statistical data - DC (Idss, Vpo, Vbrk), [S], circuit model parameters and HP ROOT Models based upon the distribution of physical parameters.

Usability

Look and Feel

The initial LPM model generator interface to MDS will have graphical user interface (GUI) implemented in the DDL language.

Some user-defined inputs can be directed from files or tables, either of which is accessible from the GUI.

The appearance will be consistent with standard DCS-based HP MDS products, such as HP Momentum.

Templates for constructing the device will be provided with default values.  Example devices will be provided which can be used as a starting point and easily modified.

Dialogue boxes and tables will allow user specifications to be entered.  

Presentation pages exhibiting cross section displays are returned for the user.  

Results of simulations (dc I-V characteristics, S-parameters, etc.)  will be stored in datasets and viewable from presentations consistent with the standard HP MDS architecture.

The GUI will be later migrated to layered API for the new HP Design Environment.

Use Model

The product is initially most attractive to device designers and process engineers wishing quick and quantitative feedback on how the device design relates to the electrical characteristics at the device terminals.

The product also provides considerable benefits to the circuit designer wishing to simulate the sensitivity and the statistical characteristics of a circuit with respect to the underlying physical and geometrical parameters of the device.

The product can be used by a device modeling engineer to fit new or existing circuit models to the results simulated by the LPM.  

The product will have the consequence of facilitating tight coupling among the device designer, modeling engineer, and circuit designer.

Performance

The dc-IV characteristics of a MESFET will be simulated many orders of magnitude faster than standard two-dimensional physical simulations. This point of speed is very important - allowing the model to be interactive, perform statistical modeling, and large-signal modeling which are impractical with 2D models.

The MESFET model will produce DC I-V or [S] at one frequency and bias in less than a second on a HP 735

The HEMT model speed will be comparable to that of the MESFET model (it is about 5 times slower at present)

Root Model generation will take about 3 minutes on a HP 735 for a MESFET.

A complete physically-based non-linear HP ROOT model will be generated from the physical model generator in less time than it takes to characterize and extract (or generate) any given circuit-level model from real data.

Behavioral Model Development

Problem Statement

Currently simulation at the MCA level consists of very simple analysis (usually spreadsheets) with often crude models.  More sophisticated "system" simulators such as HP EEsof OmniSys or Alta Group’s SPW are better, but still are not comprehensive enough to support all MCA level simulation requirements.  Circuit simulators provide the simulation capability that is required but do not include a set of common behavioral models to support MCA level simulation.  What is needed is a comprehensive set of high level models that are accurate, incorporate non-linear and statistical effects, and can execute much faster than full circuit level models. In addition models are needed that allow measured results (linear and non-linear) to be easily incorporated back into a simulation. (Reference paragraph 3.4.1.1 through 3.4.1.3)

Task Description

The purpose of this task (WBS #ACLB) is to develop and verify a set of behavioral level models to support MCA level simulations for typical DoD applications.  For the set of prioritized models defined below, HP EEsof will develop the necessary equations and/or simplified "macro element" circuit configurations to accurately produce the specified performance characteristics.  The models will be implemented in HP EEsof’s new merged circuit/system simulation product which is under development and currently code named DE 1.0 (Design Environment version 1.0).  A subset of the models will be coded and evaluated based on the MAFET neutral model format when it becomes available to verify the robustness and the ability of the format to support behavioral models.  All model representations will be documented and made available to the MAFET consortium. 

Functionality

The following is a list of behavioral level models that are required along with the functionality required for each.  The models are separated into two categories, parameterized and measurement based.  Any of the parameters that have a value associated with them can be specified as a single value, a distribution, or an equation as a function of frequency depending on the capabilities of the simulator.  Table 4.4.1.3-1 defines the development priority for these models.

Parameterized Models

Voltage Regulator

2 ports

Include a parameter to define the regulated output voltage

Include a parameter to define the quiescent (no load) current draw on the input port

Include parameters to define equivalent series resistive and inductive elements, and shunt capacitive element across the output to simulate the effective output impedance.

The output voltage will be constant at the specified regulated voltage provided the input voltage is greater than the specified output plus the voltage drop across the series resistor element.  If the input voltage drops below this threshold, the output will decrease linearly with the input.  (The resistance times the load current defines the minimum drop-out voltage.)

The model shall include AC ripple rejection (input to output) represented by a 3 element piece-wise linear response with constant low and high frequency rejection, and parameters to specify the response

Separate models may be used for positive and negative regulators

Mixer

3 port (RF, LO, and IF) non-linear model

Include parameters to define the conversion loss (in dB) of L - R and R - L terms independently (to support image rejection applications)

Include 1 dB compression parameter referenced to the input

Include a TOI parameter (in dB) referenced to the input

Include noise figure parameter

Include parameters to define the return loss (in dB) independently for each of the three ports

Include the capability to reference an intermod table which include values up to 15th order

The intermod products will vary as a function of both the RF and LO power levels based on the associated harmonic numbers of the intermod

Sampler

3 port non-linear model

Include a parameter to define the conversion loss

Voltage Controlled Oscillator (VCO)

2 port model (voltage control and RF output)

Include parameters to define the nominal output frequency and power level

Include a parameter to define the modulation sensitivity of the control voltage (Hz/V)

Include a parameter to define the offset voltage associated with the control port.  When the control voltage is equal to this offset, the output frequency will be at its nominal value.

Include parameter(s) to define the single sideband spectral noise density of the source as a piece-wise linear response

Include a parameter(s) to define the harmonics (up to 5th order)

Phase Detector

3 port non-linear model

Include a parameter to define the conversion loss

Include a parameter to define the modulation sensitivity (dV/dF)

Include a parameter to define the return loss at all three ports

Voltage Detector

2 port model

Include a parameter to define the input return loss (in dB)

Include parameters to define the resistance and capacitance associated with the detected port

Include a parameter to define the conversion sensitivity (V/dBm)

The models should support both square law and linear response regions

Frequency Discriminator

2 port linear model

Include a parameter to define the nominal frequency

Include a parameter to define the conversion loss

Include a parameter to define the modulation sensitivity (dV/df)

Include a parameter to define the return loss at both ports

Manifold (8 way)

9 port linear model

Include parameters defining the path loss (in dB) from the common port to each of the 8 output ports

Include parameters defining the time delay from the common port to each of the 8 output ports

Include parameters defining the phase from the common port to each of the 8 output ports

Manifold (16 way)

17 port linear model

Include parameters defining the path loss (in dB) from the common port to each of the 16 output ports

Include parameters defining the time delay from the common port to each of the 16 output ports

Include parameters defining the phase from the common port to each of the 16 output ports

OpAmp



Crystal



Measurement Based Models

Multi-State S-Parameter Model - Parameter Controlled

2 port linear model

Include a parameter to control the bit state (integer 0 to 214-1)

Include a parameter to define the number of bits (1 - 14)

Include a file name parameter to reference an s-parameter file containing a set of 2 port s-parameters for each state

The model will automatically select the appropriate set of s-parameters for the specified state. 

Multi-State S-Parameter Model - Voltage Controlled

8 port linear model (2 RF ports and 6 digital control ports)

Include a parameter to define the threshold voltage for the digital control input ports.  An applied voltage is above the threshold implies a logic high.

Include a file name parameter to reference an s-parameter file containing a set of 2 port s-parameters for each state

The model will automatically select the appropriate set of s-parameters for the specified state based on the digital input control voltages.

The table below defines the ranked priority for model development.  The phase (1 - 3) is an estimate of when each model will be developed (year 1, 2, or 3).  Although the phase for each model has been identified as 2 below, the actual development of the models and the groundwork required will continue through phase 1.  The models will be available for use only in phase 2.

Table 4.4.1.3-1  Model Development Priority

Model�Priority�Phase��Voltage Regulator�8�2��Mixer�1�2��Sampler�9�2��Voltage Controlled Oscillator (VCO)�2�2��Phase Detector�4�2��Voltage Detector�5�2��Frequency Discriminator�3�2��Manifold (8 way)�10�2��Manifold (16 way)�11�2��OpAmp�6�2��Crystal�7�2��Multi-State S-Parameter Model - Parameter Controlled�12�2��Multi-State S-Parameter Model - Voltage Controlled�13�2��

Usability

The representation of all developed models, consisting of a set of equations and/or a schematic of "macro elements", will be documented using FrameMaker 4.0.

Models will be implemented in the HP EEsof’s DE 1.0 simulator using a combination of Senior (C-code) models, schematic circuits consisting of intrinsic elements within DE 1.0 and custom Senior elements, and the MAFET neutral model format when it becomes available.

A schematic symbol representation will be provided with each model produced. 

Performance

Accuracy of parameterized models will be relative to the specified parameterization.

Accuracy of measurement based models will be relative to the measured data set used to drive the model.

Model accuracy will be 0.05 dB if specified in logarithmic form or 1% if specified in linear form.

Data Server

Problem Statement

There is a need to provide table-based model data in a MAFET-standardized format from the passive model generator and from the physics-based active device simulator to feed circuit simulators in a generic fashion. This will provide for the MAFET model portability objective.

Task Description

This task includes WBS #AALG.

HP EEsof will collaborate with Cadence to define the data set format. The server will provide an open architecture, high performance mechanism for data storage, change notification and data transfer from both the passive and active model generators to the simulator engines. At present, the SDB (Synthesis Database) is geared for use with the Design Reuse and related Design Automation tools.  Its potential for use in table-based models where the tables are multi-dimensional, each table entry may contain a list of values as opposed to being a simple number, and the table can be dynamically and automatically filled has been recognized.  The activities here reflect support of table-based models.

Functionality

SDB Extracted as Separate Server:  SDB is currently a library linked to Design Reuse and other associated tools.  In order for a simulator to access SDB and extract model parameters, it would either have to link to the code or communicate to it as a server.  Since the server is the best approach for access by multiple tools and linking to the SDB would unreasonably burden the simulator, breaking out the SDB as a server engine is the first task.  (Existing tools would then be modified to access the server.)

Multi-dimensional table enhancements:  Although SDB supports multiple-dimensional tables (internally called a Matrix), the access method and representation are geared for internal design automation tools which support a limited set of table entries.  The access method would be enhanced such that multiple-values could be held at a table entry and both assigned and retrieved easily as well as manipulated mathematically (where possible).  Other code within SDB would be modified to work with this expanded capability.

Multi-dimensional table interpolation:  The mechanism for supporting dynamic models is as follows:

Assign the independent parameters associated with the model.

Query the SDB table to see if a table entry exists (the independent parameters all match a table entry reference).

If table entry exists and is valid, return it.

If table entry exists but is invalid (not computed yet), then go to step f.

If not, run the interpolation routine to see if the value can be computed.   If yes, return the computed value, optionally inserting this value back into the table.

Otherwise run the tool to compute the value, optionally inserting this value back into the table.

The SDB will be enhanced to support multi-dimensional interpolation via an algorithm similar to the above and support a built-in "generic"  interpolation routine. The user can also define an arbitrary interpolation function to replace the generic one on a table-by-table basis.

AEL enhancements for external tool operation against multi-dimensional table:  This activity is an adjunct to the one above.  In general, both the table interpolation and tool access routines are written by the user.  Coding is done in AEL.  SDB will be enhanced for handling the interpolation and tool access, running the external tool and distilling tool results via a set of modifiable AEL functions.  SDB will provide a number of built-in AEL functions (multi-dimensional table access AEL library) which will have to be written to support table access as well.

Data Server links:  The final task is to link the SDB server into the Data Server which holds simulation results and other large tabular measurements.  Given the model access capability in SDB where many models are not interpolated and may in fact be measurements or typed-in S-parameter data, there will be a need for it to seamlessly access this tabular data which resides in the Data Server.  An important improvement, Data Server connectivity effectively allows the SDB server to be queried for information that is only contained in the Data Server, simplifying the application end as only one server need be accessed (SDB) for any type of model data.

SDB Administration and Maintenance:  One tool required for any database is an administration and maintenance capability.  As a database grows, one may wish to add, delete, split, merge, or modify the database contents to maintain efficient use.  Such tools are not used on a daily basis making it mandatory that it be graphical rather than command-line based.  Clearly, the application of SDB to multi-dimensional table-based models will increase the size of the database making it imperative that an database administration tool be available for this project.

Usability

Integration with Model Generators:  Initially, the model generators will be linked with the SDB server and connected to the HP EEsof simulator engines. Formats and interfaces will be defined for use by other CAE companies.  There is no task currently funded to verify this functionality in another CAE company’s simulator engines.

Administration Tool Design:  Issues to consider for the administration tool are the following:

archival of "aging" information

addition and deletion of data

database split and merge operations

repair of damaged databases

graphical user interface

Performance

The goal of the SDB server is to provide similar throughput from a table-based model as is currently available from an average analytic model from the current HP EEsof library.

Raytheon

Enhanced Active Device Models

Problem Statement

Raytheon has been a leader in the development and production of high power, high efficiency microwave transistors and amplifiers . The most recent advances have focused on the power PHEMT.  In conjunction with device development, Raytheon has developed small and large signal device models which have been incorporated as custom models in circuit simulators. In addition, Raytheon, along with TI, has developed a versatile pulsed I-V system for  large and small signal model extraction. Circuit designers have used the existing model database to produce various types of MMIC amplifier designs for implementation in systems such as  GBR, IRIDIUM, GLOBALSTAR etc.

In spite of these achievements , it has been found that the MMICs and MCA performance lags behind the demonstrated device capability , such as the device power, efficiency, gain etc. Several design passes are usually required for successful  completion of a MMIC or an MCA design, resulting in lower yield and higher costs. Part of the problem is attributed to shortfalls in the large signal device models which meet some, but not all , of the requirements imposed by a particular design specification. For instance, the current models do not adequately cover parameters that are of increasing interest in microwave and mm-wave circuit designs, including third order intercept point and Class B and F modes of operation.

Yet another related need is in the area of statistical device modeling. Statistical large signal device models do not currently exist. Consequently, large signal yield prediction   and design centering cannot be carried out, and the probability of first pass design success with acceptable yield is poor.

Task Description

Raytheon's active device modeling efforts (#AGFA) will consist  of two major tasks: A) Provide enhancements to existing large signal models for MESFETs and PHEMTs and B) Develop statistical large signal models to account for process variation and provide design centering.

Prior to implementing changes in large signal device models , the baseline performance of existing large signal PHEMT models for single tone and two tone performance will be established. This will involve harmonic power and IMD measurements and comparison with model predictions. This will be followed by specific improvements to two large signal models currently being used at Raytheon : 1) Modified Materka and 2) ESPV100. Element bias dependence expressions will be modified to include ,for instance, the dependence of the gate-source capacitance on both the gate and drain voltages.  This will enable improved prediction of IMD and harmonic power. In addition, variations in feeding structures to the gate and drain will be investigated  by introducing distributed circuit models, which should result in improved model prediction.

Some preliminary statistical small signal models were investigated under MIMIC phase 2. The  task under the present MAFET Thrust 1 effort will serve to further improve the small signal statistical models and develop large signal statistical models. The first subtask will be to establish a methodology for identifying a "process typical" or "technological mean" small and large signal device models. The present model database for each process will be updated from a large sample of MESFETs and PHEMTs. The models in the database will be updated periodically with refinements in model formulations (modified Materka and ESPV100). Statistical small and large signal models will then be extracted from the established model database. A final task will be to incorporate statistical models into design CAD tools.

Functionality

Improved prediction of single tone and two tone device performance.

Improved prediction in gross device parameters such as gain, efficiency, power and S-parameters.

Improved accuracy under Class B and F operating conditions.

Model will be layout sensitive, i.e. it will predict performance variations resulting from different gate feeding structures.

Statistical large signal model will predict variations in MMIC power amplifier large signal circuit performance due to process variation.

Statistical large signal  model will lead to improved yield prediction, design centering and high probability of first pass design success.

Usability

Extend frequency range of validity for the small signal models to 100 GHz.

Extend frequency range of validity for the large signal models to 50 GHz.

Model will be useable over a wide range of bias conditions including Class B and F operating conditions.

Will provide device scalability over a 5:1 range of device sizes.

Model will predict device performance for variable gate and drain feeds.

Incorporate enhanced large signal and statistical large signal models as user defined models in Raytheon circuit simulation programs.

All developed models, consisting of a set of equations, will be documented using Microsoft Word 6.0.

Models will be implemented in the HP EEsof Libra simulator using a combination of Senior (C-code) modules.

Performance

In general there will be no degradation in speed when improvements are made to the basic large signal models. Some degradation in speed may be expected when gate distributed circuit formulations are included in the model.

The expected device performance for some of the key parameters are summarized in the following table:

Current Status�Program�Goal��Single Tone Power (Accuracy)�1-2 dB�0.5 dB��Third Order IMD Prediction Accuracy�4 dB�1.0 dB��Small Signal Gain (Power Model) Accuracy�1 dB�0.5 dB��Efficiency Deviation�20%�10%��Hughes

The following two Hughes tasks are included in WBS AGAA.

Non-Linear Pre-Matched Active Device Model

Problem Statement

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

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

Task Description

The modeling effort will be based initially on Hughes GAO power MESFET device and then extended to power PHEMT device.  Hughes will initially investigate multiple approaches, but will downselect to one.  Possible approaches in the realization of a pre-matched active device model are:

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

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

Functionality

Frequency range of operation will be X-band

Models will support designs requiring high power-added efficiency, excellent third order intermodulation products, and very good linearity

Usability

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

Models will be compatible for use with HP EEsof circuit simulators

Performance

To be determined

Coplanar Waveguide Modeling

Problem Statement

Hughes is a pioneer in the development of GaAs flip chip MMICs for active array transmit/receive module applications.  The implementation of flip chip MMIC technology over conventional MMIC technology offers many advantages such as the elimination of wafer thinning, via hole etching, and backside metallization.  Coplanar waveguide (CPW) transmission lines are key elements in the realization of flip chip MMIC’s.  The use of CPW transmission lines allows the circuit designer increased flexibility since critical circuit parameters become independent of substrate thickness.  Low dispersion and radiation characteristics in comparison to microstrip lines are additional key advantages of using CPW transmission lines.  Hence, more dense and compact circuit layouts are realizable.

Accurate modeling of CPW structures and discontinuities is an enabling technology for competitive flip chip MMIC’s.  It is critically needed for obtaining improved performance in small signal applications.  Precise characterization of passive CPW structures is even more crucial in high power flip chip amplifier designs where the designer is challenged with presenting proper device loading for power and efficiency.  In general, models for CPW discontinuities arising from circuit layout reduction are also a necessity if first pass design success is to be achieved.

Unfortunately, progress in the development of CPW circuit element models has lagged that of its microstrip counterpart.  The state of the art in the modeling of CPW circuit elements is still in its infancy.  One major reason for a lack of CPW component models is that commercially available electromagnetic (EM) structure simulators are not suited for analyzing such structures. Approximations, such as infinitesimally thin conductors and large mesh- subsectioning of metallization can degrade model accuracy. Because of intense computational time, only simple structures are efficiently solved. However, with the proposed improvements to commercially available electromagnetic simulation tools, along with the advancements in computing hardware, a complete and accurate CAD-oriented CPW element library can be realized.

Task Description

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

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

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

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

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

Analysis of Òcomplete matching networksÓ

In conjunction with internal Hughes IR&D, validation (A.)-(C.) and (E.) through the measurement of test coupons. The fabrication and test resources of Hughes-GAO and the assembly resources of HE Microwave will be used.

Functionality

Frequency range of operation will be X-band

Ranges of geometric features will extend to practical limits used in flip chip MMIC designs

Usability

The resulting models will be made available to the microwave community in general

Models will be compatible for use with HP EEsof circuit simulators

Models will be parameterized by geometric features

Performance

Models will be of sufficient accuracy to be used directly in detailed MMIC circuit simulations

Texas Instruments

The following model development tasks will be performed by Texas Instruments.

MCA Level Behavioral Modeling

Problem Statement

Currently simulation at the MCA level consists of very simple analysis (usually spreadsheets) with often crude models.  More sophisticated "system" simulators such as HP EEsof OmniSys or Altera SPW are better, but still are not comprehensive enough to support all MCA level simulation requirements.  Circuit simulators provide the simulation capability that is required but do not include a set of common behavioral models to support MCA level simulation.  What is needed is a comprehensive set of high level models that are accurate, incorporate non-linear and statistical effects, and can execute much faster than full circuit level models. In addition models are needed that allow measured results (linear and non-linear) to be easily incorporated back into a simulation. (Reference paragraph 3.4.1.1 through 3.4.1.3)

Task Description

The purpose of this task (WBS #AGGA) is to develop and verify a set of behavioral level models to support MCA level simulations for typical DoD applications.  For the set of prioritized models defined below, TI will develop the necessary equations and/or simplified "macro element" circuit configurations to accurately produce the specified performance characteristics.  The models will be verified using the HP EEsof Libra simulator.  A subset of the models will be coded and evaluated based on the MAFET neutral model format when it becomes available to verify the robustness and the ability of the format to support behavioral models.  The models ported to the neutral format will also be evaluated in both the Compact and Cadence simulators.  Model representations will be documented and made available to the MAFET consortium. 

Functionality

The following is a list of behavioral level models that are required along with the functionality required for each.  The models are separated into two categories, parameterized and measurement based.  Any of the parameters that have a value associated with them can be specified as a single value, a distribution, or an equation as a function of frequency depending on the capabilities of the simulator.  Table 4.4.4.1-1 defines the development priority for these models.

Parameterized Models

Non-Linear Amplifier

4 port model (RFin, RFout, +V, and -V)

Include linear gain parameter

Include insertion phase (S21 angle) parameter

Include an output power 1 dB compression point parameter

Include an output TOI parameter

Include all 4 noise parameters (NFmin, Gamma Mag, Gamma Angle, and Rn)

Include time delay parameter

Include S11 magnitude and angle parameters

Include S22 magnitude and angle parameters

Include nominal bias voltage parameters (positive and negative) to be used as reference points for the bias sensitivity parameters

Include bias sensitivity parameters (in dB/volt) for both the positive and negative bias supplies.  Variation of the positive supply voltage, relative to the nominal bias parameter, will impact the output power compression point based on the sensitivity parameter value.  Variation of the negative supply voltage will impact the linear gain.

Include nominal bias current parameters for both the positive and negative supplies.  This parameter will define a fixed resistance to ground on the bias port such that the specified current will be drawn when the applied bias voltage is equal to the nominal voltage parameter.

Include a temperature parameter that defines the average baseplate temperature of the amplifier.  A temperature of 27 C will be considered nominal.

Include temperature sensitivity parameters (in dB/degree C) for gain, noise figure, and output power compression point.  The associated output characteristics will vary linearly with temperature.

Non-Linear Power Amplifier

4 port model (RFin, RFout, +V, and -V)

Include linear gain parameter

Include insertion phase (S21 angle) parameter

Include a saturated output power parameter (defined as the 5 dB compression point)

Include a noise figure parameter

Include time delay parameter

Include a normalizing parameter that allows the power compression curve to be controlled (how quickly the response goes from the linear region to the saturated region of the power curve)

Include S11 magnitude and angle parameters

The output impedance will not be directly controllable, but will vary as a function of the level of compression of the amplifier

Include nominal bias voltage parameters (positive and negative) to be used as reference points for the bias sensitivity parameters

Include bias sensitivity parameters (in dB/volt) for both the positive and negative bias supplies.  Variation of the positive supply voltage, relative to the nominal bias parameter, will impact the output power saturation point based on the sensitivity parameter value.  Variation of the negative supply voltage will impact the linear gain.

Include a nominal bias current parameter for the negative supply.  This parameter will define a fixed resistance to ground on the bias port such that the specified current will be drawn when the applied bias voltage is equal to the nominal voltage parameter.

Include parameters to set the minimum positive bias current (specifies current draw during linear operation) and the saturated positive bias current (specifies current draw when the amplifier output power is at specified saturated power level).  The variation of the current between these two values will be proportional to the output power compression response.

Include a temperature parameter that defines the average baseplate temperature of the amplifier.  A temperature of 27 C will be considered nominal.

Include temperature sensitivity parameters (in dB/degree C) for gain, noise figure, and output saturated power.  The associated output characteristics will vary linearly with temperature.

Isolator

Include an insertion loss (in dB) and phase parameters (forward direction)

Include an isolation (in dB) and phase parameters (reverse direction)

Include a return loss (in dB) and reflection phase parameters.  These parameters will be the same at both ports.

Include a time delay parameter.  This delay will be common to both directions.

Circulator

Include an insertion loss (in dB) and phase parameters (forward direction)

Include an isolation (in dB) and phase parameters (reverse direction)

Include a return loss (in dB) and reflection phase parameters.  These parameters will be the same at all three ports.

Include a time delay parameter.  This delay will be common to all paths.

SPDT Switch - Parameter Controlled

3 port linear model

Include a parameter to control the switch position (0 = position 1, 1 = position 2)

Include an insertion loss (in dB) parameter (on state)

Include an isolation (in dB) parameter (off state)

Include a parameter for the isolation (in dB) between the two output ports

Include a return loss parameters (in dB).  The return loss of the common port and the "on" port will be the same while the "off" port will have a separate parameter.

Include a reflection phase parameters.  The phase of the common port and the "on" port will be the same while the "off" port will have a separate parameter.

SPDT Switch - Voltage Controlled

4 port non-linear model (3 RF ports and 1 digital control port)

Include a parameter to define the threshold voltage for the digital control port

Include a parameter to define the resistance of the control port

Include an insertion loss (in dB) parameter (on state)

Include an isolation (in dB) parameter (off state)

Include a parameter for the isolation (in dB) between the two output ports

Include a parameter to define the 1 dB compression point of the on state

Include a parameter to define the TOI of the on state

Include a parameter for the isolation (in dB) between the control port and the output ports

Include a return loss parameters (in dB).  The return loss of the common port and the "on" port will be the same while the "off" ports will have a separate parameter.

Include a reflection phase parameters.  The phase of the common port and the "on" port will be the same while the "off" ports will have a separate parameter.

SP3T Switch - Voltage Controlled

7 port non-linear model (4 RF ports and 3 digital control ports)

Include a parameter to define the threshold voltage for the digital control ports

Include a parameter to define the resistance of the control ports

Each arm of the switch is individually controlled by a control voltage

Include an insertion loss (in dB) parameter (on state)

Include an isolation (in dB) parameter (off state)

Include a parameter for the isolation (in dB) between output ports

Include a parameter to define the 1 dB compression point of the on state

Include a parameter to define the TOI of the on state

Include a return loss parameters (in dB).  The return loss of the common port and the "on" port will be the same while the "off" ports will have a separate parameter.

Include a reflection phase parameters.  The phase of the common port and the "on" port will be the same while the "off" ports will have a separate parameter.

 SP4T Switch - Voltage Controlled

8 port non-linear model (4 RF ports and 4 digital control ports)

Include a parameter to define the threshold voltage for the digital control ports

Include a parameter to define the resistance of the control ports

Each arm of the switch is individually controlled by a control voltage

Include an insertion loss (in dB) parameter (on state)

Include an isolation (in dB) parameter (off state)

Include a parameter for the isolation (in dB) between output ports

Include a parameter to define the 1 dB compression point of the on state

Include a parameter to define the TOI of the on state

Include a return loss parameters (in dB).  The return loss of the common port and the "on" port will be the same while the "off" ports will have a separate parameter.

Include a reflection phase parameters.  The phase of the common port and the "on" port will be the same while the "off" ports will have a separate parameter.

Phase/Amplitude Bit - Parameter Controlled

2 port linear model

Include a parameter to control the bit state (0 or 1)

Include parameters to define the insertion loss (in dB) for both states

Include parameters to define the insertion phase for both states

Include parameters to define the return loss (in dB) for both states (same for both RF ports)

Include parameters to define the reflection phase for both states (same for both RF ports)

Phase/Amplitude Bit - Voltage Controlled

3 port linear model (2 RF and 1 digital control voltage)

Include a parameter to define the threshold voltage for the digital control port.  If the applied voltage is above the threshold, state 0 will be selected, otherwise state 1 will be selected.

Include parameters to define the insertion loss (in dB) for both states

Include parameters to define the insertion phase for both states 

Include parameters to define the return loss (in dB) for both states (same for both RF ports)

Include parameters to define the reflection phase for both states (same for both RF ports)

Multi-Bit Attenuator/Phase Shifter

2 port linear model

Include a parameter to control the bit state (integer 0 - 63)

Include a parameter to define the number of bits (1 - 6)

Include parameters (6) to define the incremental insertion loss (in dB) for each bit

Include parameters (6) to define the incremental insertion phase for each bit

Include a parameter to define the minimum insertion loss (in dB) when all bits are off

Include a parameter to define the minimum insertion phase when all bits are off

Digital Controller - Binary Output

12 ports providing 6 complementary outputs

Include a parameter to control the output state (integer 0 - 63)

Include a parameter to define the output voltage for the logic high state 

Include a parameter to define the output voltage for the logic low state

Include a parameter defining the effective resistance of  all outputs

Digital Controller - File Based

16 digital output ports

Include a parameter to control the output state (integer 1 - 65,536)

Include a parameter to define the output voltage for the logic high state 

Include a parameter to define the output voltage for the logic low state

Include a parameter effective resistance of  all outputs

The model will reference an ASCII file that contains the state of each output for each of the states specified by the state control parameter.

Limiter

2 port non-linear model

Include a parameter to define the power level at which the signal is limited

Include a linear insertion loss parameter (in dB)

Include a linear insertion phase parameter

Radiating Element



SAW Device
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Measurement Based Models

Power Dependent S-Parameter

2 port non-linear model

Include a parameter that references a file containing sets of linear s-parameters for multiple input power levels

The input file format will be fixed and allow the s-parameters to be defined in real/imaginary, magnitude/angle, or dB/angle formats.

The power into the input port (port 1) will be used to set the s-parameters for the model based on the table provided.  Interpolation will be used to determine intermediate values.

For power levels or frequencies outside the ranges contained in the table, the closest table value will be used.

Include a parameter to select the method of interpolation between table values.  Valid options will be real/imaginary, magnitude/angle, or dB/angle.  The method of interpolation is independent of the table format.

Include a parameter specifying the fundamental frequency input frequency.

The model will provide the correct non-linear response for the specified fundamental input signal only.  Distortion effects (harmonics) will be produced, but are not independently controllable.

The table below defines the ranked priority for model development.  The phase (1 - 3) is an estimate of when each model will be developed (year 1, 2, or 3).

Table 4.4.4.1-1  Model Development Priority

Model�Priority�Phase��Non-Linear Amplifier�1�1��Non-Linear Power Amplifier�2�1��Isolator�13�1��Circulator�12�1��SPDT Switch - Parameter Controlled�6�1��SPDT Switch - Voltage Controlled�7�1��SP3T Switch - Voltage Controlled�14���SP4T Switch - Voltage Controlled�15���Phase/Amplitude Bit - Parameter Controlled�3�1��Phase/Amplitude Bit - Voltage Controlled�4�1��Multi-Bit Attenuator/Phase Shifter�5�1��Digital Controller - Binary Output�8�1��Digital Controller - File Based�9�1��Limiter�10�1��Radiating Element�18���SAW Device�17���Digital Divider�16���Power Dependent S-Parameter�11�1��

Usability

The representation of all developed models, consisting of a set of equations and/or a schematic of "macro elements", will be documented using FrameMaker 4.0.

Models will be implemented in the HP EEsof Libra simulator using a combination of Senior (C-code) models, schematic circuits consisting of ideal elements provided by HP EEsof and custom Senior elements, and the MAFET neutral model format when it becomes available.

A schematic symbol representation will be provided with each model produced. 

Performance

Accuracy of parameterized models will be relative to the specified parameterization.

Accuracy of measurement based models will be relative to the measured data set used to drive the model.

Model accuracy will be 0.05 dB if specified in logarithmic form or 1% if specified in linear form.

Active Device Modeling

Problem Statement

Accurate circuit simulation is dependent upon device characterization, model extraction from the device data, and a readily accessible model library for the circuit designer's use.  Improvements are needed in the modeling process to enhance accuracy and usability, increasing the probability of first pass circuit design success.  Turnaround time for active device modeling must be reduced in order to adequately support both design and characterization/troubleshooting activities.

Task Description

Enhanced device models and extraction procedures for field effect transistors (FETs) and heterojunction bipolar transistors (HBTs) will be developed (WBS Task: AGGB).  Models are currently extracted from pulsed I�V, s-parameter, and noise parameter data, and the model "fit" judged by comparison with the characterization data.

Non-linear model circuit performance predictions are extensions or extrapolations of the data from which the models are created.  Benchmarking against data other than measured I-V and s-parameters is therefore required to validate the models.  A statistically-significant non-linear model database will be created and benchmarked against measured performance parameters relevant to circuit applications.  Predicted performance from modified Materka, Curtice, and Chalmers models will be compared with high and low level non-linear data such as compressed output power, power-added efficiency, harmonics, and two-tone intermodulation.  The model validation activity will provide guidance for accuracy enhanced fitting techniques; for example, relative weighting of I-V, gm, and s-parameter fits depending on circuit application.  

S-parameter and noise data is presently measured at a separate test station from the pulsed I-V.  Test system development will be continued to achieve these measurements at one station, using a single touch-down of probes.  This enhanced characterization throughput capability will allow efficient gathering of temperature and bias dependent performance data for development of bias dependent small signal and temperature dependent models.

Custom analysis and optimization software will be developed for fitting HBT linear models.  Expanded throughput capability is required to support the escalating needs for both standard and custom HBT models.  Similar software, implemented for GaAs FET parameter extraction, has replaced a nominal 20-minute LIBRA optimization by a 10-second procedure.

Functionality

Both FET and HBT device types will be supported.

Linear Models:

The bias dependency of the models will be supported over a large portion of the I�V plane.

The temperature range supported by the linear models will be at least �55 oC to 85 oC, referenced to the device mounting surface  (back side of GaAs chip).

Nonlinear Models:

Nonlinear models will be benchmarked over a dynamic range to include small-signal operation and output saturation (3- to 6-dB gain compression).

Non-linear models will support both receive- and transmit-function performance parameters such as third-order intercept, output power, power-added efficiency, and harmonic distortion.

Usability

All models will be implemented as Libra Senior models.

The FET and HBT devices may be supported by multiple models.

The linear models will be independent of the non�linear models.

Performance

Throughput:

Characterization of s-parameters, noise, and pulsed I-V will be combined into one measurement system to double throughput.

Custom HBT linear-modeling software will reduce parameter-extraction times tenfold.

Nonlinear-Model Accuracy:

Compressed output power will be predicted to 0.5 dB.

DC-power consumption at RF saturation will be predicted to 0.5 dB.

Second- and third-harmonic output levels will be predicted to 2 dB.

Two-tone third-order intercept will be predicted to 2 dB.

University of Mass. at Amherst

Low-Cost Package Modeling

This task is currently under negotiation and will be defined once the sub-contract is complete.

Problem Statement

Task Description

Functionality

Usability

Performance

Package Leakage and Radiation Loss

This task is currently under negotiation and will be defined once the sub-contract is complete.

Problem Statement

Task Description

Functionality

Usability

Performance

�Appendix A

Relating MAFET Tasks to User Needs

Process Shortfall

(Paragraph / Description from IPPD)�User Need

(Section 3 Paragraph)�MAFET Task

(Section 4 Paragraph)��Overall Product Development Process (Steps 1 - 26)��2.26.A - Incomplete data for program planning�3.5.3.A

3.5.3.C

3.5.3.D

3.5.3.E

3.5.3.F

3.5.3.G���2.26.B - Inadequate resource availability����2.26.C - Availability of purchased parts����2.26.D - Restrictions of resource usage����2.26.E - Marginal parts performance����2.26.F - Long test system development times����2.26.G - Long fabrication cycle times����2.26.H - Formal review gates not met����2.26.I - Lack of design tool interfaces to office software products�3.1.2.6.B

3.2.5.A

3.2.5.B

3.2.5.C

3.2.5.D�



4.2.1, 4.2.3.3��Preliminary Design Process (Step 3)��3.2.A - Incomplete/incorrect MCA specification prior to detailed design�3.2.3.N

3.2.3.O

3.5.5.A

3.5.5.D�

4.2.2



��3.2.B - Incomplete/inaccurate initial MMIC specifications�3.2.3.N

3.2.3.O

3.5.5.D�

4.2.2

��3.2.C - Incomplete/inaccurate initial ASIC specifications�3.2.3.N

3.2.3.O

3.5.5.D�

4.2.2, 4.2.4.3

��3.2.D - Inaccurate cost/yield/schedule projections�3.5.3.A

3.5.3.C

3.5.3.D

3.5.3.E

3.5.3.F

3.5.3.G���3.2.E - Incomplete/inaccurate MCA simulation capability�3.2.3.D

3.2.3.J

3.2.3.K

3.2.3.Q

3.4.1.1.A

3.4.1.1.C

3.4.1.1.D

3.4.1.1.E

3.4.1.1.F

3.4.1.1.G

3.4.1.1.I

3.4.1.1.J

3.4.2.1.A

3.4.2.1.B

3.4.2.1.D

3.4.2.1.E

3.4.2.2

3.4.3.1.A

3.4.3.1.B

3.4.3.1.C

3.4.3.1.D

3.4.3.1.E

3.4.3.1.F

3.4.3.1.G

3.4.3.1.H

3.4.3.1.I

3.4.3.1.J�4.2.2, 4.2.3.2, 4.2.4.1

4.2.2, 4.2.4.1, 4.2.4.2

4.2.4.1, 4.2.4.3



4.2.2, 4.4.1.3, 4.4.4.1

4.2.2, 4.2.4.3, 4.4.1.3, 4.4.4.1

4.2.4.1, 4.2.4.2, 4.4.1.3, 4.4.4.1

4.2.4.1, 4.4.1.3, 4.4.4.1

4.2.2, 4.4.1.3, 4.4.4.1

4.2.4.2, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.2.1, 4.2.3.3, 4.4.1.3, 4.4.1.4, 4.4.4.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.4.2

4.4.1.2, 4.4.2.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.1

4.4.1.1

4.4.1.1

4.4.1.1





4.3.2.1, 4.4.1.1

4.4.1.1

4.3.5.2, 4.4.1.1

4.4.1.1��3.2.F - Inadequate system/MCA specification trade-offs�3.2.3.E

3.2.3.N

3.2.3.O

3.2.4.B

3.2.4.D

3.2.4.E

3.5.5.D

3.5.5.A�4.2.2, 4.2.4.1



4.2.2

4.2.3.2

4.2.3.2, 4.2.4.1

4.2.3.2, 4.2.4.1



��3.2.G - Inadequate MCA/MMIC specification trade-offs�3.2.3.E

3.2.3.N

3.2.3.O

3.2.4.B

3.2.4.D

3.2.4.E

3.5.5.D�4.2.2



4.2.2

4.2.3.2

4.2.3.2

4.2.3.2��3.2.H - No support for accurate, non-linear, measurement based models�3.2.3.B

3.2.4.A

3.4.1.1.B�4.2.2, 4.2.4.1, 4.2.4.3

4.2.4.1

4.4.1.3, 4.4.4.1��3.2.I - Use of immature or unproven technologies����3.2.J - Lack of statistical based design methodologies�3.2.3.H

3.2.3.I

3.2.4.B

3.2.4.C

3.2.4.D

3.2.4.E

3.4.1.1.H

3.4.1.1.I

3.5.3.H

3.5.5.B�

4.1.3.2

4.2.3.2

4.2.3.2

4.2.3.2, 4.2.4.1

4.2.3.2, 4.2.4.1

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1��3.2.K - Lack of accurate MCA simulation capabilities�3.2.4.A

3.4.1.2.A

3.4.1.2.B

3.4.2.1.A

3.4.2.1.B

3.4.2.1.D

3.4.2.1.E

3.4.2.2

3.4.3.2.A

3.4.3.2.B�4.2.4.1

4.4.1.3, 4.4.4.1

4.2.4.1, 4.2.4.3, 4.4.1.3, 4.4.4.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.4.2

4.4.1.2, 4.4.2.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.3.5.2

4.4.1.1��3.2.L - Over conservative specification flow down to MCA from system�3.2.3.E�4.2.2, 4.2.4.2

��3.2.M - Lack of easy comparison of multiple tool analysis results�3.2.5.D

3.2.6.C�

��3.2.N - Lack of simulation capability across design domains�3.1.H

3.1.1.1.2.A

3.5.1.E

3.5.1.I

3.5.6.B�







��Detailed Design Process (Step 9)��4.2.A - Lack of communication between dependent tasks�3.5.3.A�4.2.4.1

��4.2.B - Inaccurate models for interconnections between components�3.2.3.A

3.4.3.1.A

3.4.3.1.B

3.4.3.1.C

3.4.3.1.D

3.4.3.1.E

3.4.3.1.F

3.4.3.1.G

3.4.3.1.H

3.4.3.1.I

3.4.3.1.J

3.4.3.2.A

3.4.3.2.B�4.2.1, 4.2.3.3, 4.4.1.4

4.4.1.1

4.4.1.1

4.4.1.1

4.4.1.1





4.3.2.1, 4.4.1.1

4.4.1.1

4.3.5.2, 4.4.1.1

4.4.1.1

4.3.5.2

4.4.1.1��4.2.C - Significant information transfer/translation steps between tools�3.1.A

3.1.C

3.1.1.F

3.1.1.G

3.1.1.1.I

3.1.1.1.1.C

3.1.2.1.A

3.1.2.1.B

3.1.2.1.C

3.1.2.2.A

3.1.2.2.D

3.1.2.4.A

3.1.2.4.B

3.1.2.4.C

3.1.2.4.D

3.2.5.A

3.2.5.B

3.2.5.C

3.2.5.D

3.3.1.1.C

3.3.1.1.D

3.3.1.5.A

3.3.1.5.B

3.3.1.5.C

3.3.2.1.C

3.3.2.1.D

3.3.2.1.E

3.3.2.5.A

3.3.2.5.B

3.3.2.5.C

3.5.6.B�4.1.2.1

4.1.1, 4.1.2.1

4.1.2.1





4.1.3.2

4.1.1

4.1.1

4.1.1, 4.1.2.1





4.1.4.3

4.1.4.3



4.1.4.3



4.2.1, 4.2.3.3







4.3.4.1

4.3.4.1

4.3.4.1



4.3.1.1

4.3.1.1

4.3.1.1��4.2.D - Incomplete/inaccurate MMIC/ASIC specifications�3.1.E

3.1.F�4.1.4.1

4.4.1.4��4.2.E - Technology development in critical path����4.2.F - Inaccurate passive circuit models�3.2.3.A

3.2.4.A

3.3.1.2.A

3.3.2.2.A

3.4.1.1.A

3.4.1.1.B

3.4.1.1.C

3.4.1.1.D

3.4.1.1.E

3.4.1.1.F

3.4.1.1.G

3.4.1.1.I

3.4.1.1.J

3.4.3.1.A

3.4.3.1.B

3.4.3.1.C

3.4.3.1.D

3.4.3.1.E

3.4.3.1.F

3.4.3.1.G

3.4.3.1.H

3.4.3.1.I

3.4.3.1.J

3.4.3.2.A

3.4.3.2.B�4.2.1, 4.2.3.3, 4.4.1.4

4.2.4.1

4.3.3.1, 4.3.5.1

4.3.3.2

4.2.2, 4.2.4.1, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.2.2, 4.2.4.3, 4.4.1.3, 4.4.4.1

4.2.4.1, 4.2.4.2, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.2.2, 4.4.1.3, 4.4.4.1

4.2.4.2, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.1.4, 4.4.4.1

4.4.1.1

4.4.1.1

4.4.1.1

4.4.1.1





4.3.2.1, 4.4.1.1

4.4.1.1

4.3.5.2, 4.4.1.1

4.4.1.1

4.3.5.2

4.4.1.1��4.2.G - Limited customer interaction�3.5.5.C���4.2.H - Lack of system level tools to resolve analyze and resolve MCA design issues�3.2.3.E

3.2.3.N

3.2.3.O

3.4.1.1.A

3.4.1.1.B

3.4.1.1.C

3.4.1.1.D

3.4.1.1.E

3.4.1.1.F

3.4.1.1.G

3.4.1.1.I

3.4.1.1.J

3.5.5.D�4.2.2, 4.2.4.1



4.2.2

4.2.2, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.2.2, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.2.2, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1��4.2.I - Inaccurate/inadequate models�3.2.3.B

3.2.4.A

3.4.1.2.A

3.4.1.2.B

3.4.2.1.A

3.4.2.1.B

3.4.2.1.D

3.4.2.1.E

3.4.2.2�4.2.2, 4.2.4.1, 4.2.4.3

4.4.1.4

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.4.2

4.4.1.2, 4.4.2.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2��4.2.J - EM tools cannot adequately simulate complex package effects�3.3.1.2.B

3.3.1.2.C

3.3.1.2.D

3.3.2.2.B

3.3.2.2.C

3.3.2.2.D�4.3.3.1, 4.3.4.1

4.3.3.1, 4.3.4.1

4.3.3.1, 4.3.4.1

4.3.1.1

4.3.1.1

4.3.1.1��4.2.K - Lack of adherence to a standard design process����4.2.L - Module database is not easily portable across design disciplines�3.5.1.E

3.5.1.I���4.2.M - Lack of accurate stability analysis�3.2.1.E

3.2.3.B

3.2.4.A

3.4.2.1.H�4.2.3.1

4.2.2, 4.2.3.1, 4.2.4.1, 4.2.4.3

4.2.3.1, 4.2.4.1

4.2.3.1, 4.4.2.1, 4.4.4.2��4.2.N - Lack of capability to accurately simulate interactions between RF and DC/control components�3.2.3.G

3.2.4.A

3.4.2.1.A

3.4.2.1.B

3.4.2.1.D

3.4.2.1.E�4.2.2

4.2.4.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.4.2

4.4.1.2, 4.4.2.1��4.2.O - Lack of capability to accurately estimate performance margins�3.2.3.H

3.2.3.I

3.2.3.N

3.2.3.O

3.2.4.A

3.2.4.C

3.4.1.1.H

3.4.1.1.I

3.4.2.1.A

3.4.2.1.B

3.4.2.1.D

3.4.2.1.E

3.4.2.2

3.5.3.H

3.5.5.B�

4.1.3.2



4.2.2

4.2.4.1

4.2.3.2

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.4.2

4.4.1.2, 4.4.2.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2��4.2.P - Non-conformance to manufacturing guidelines�3.5.3.B���4.2.Q - Premature fabrication and procurement commitments����4.2.R - Insufficient DRC, ERC, and LVS capabilities�3.1.1.D

3.1.1.E

3.1.1.1.1.B

3.1.1.1.3.A

3.1.1.1.3.B

3.1.1.1.3.C

3.1.1.1.3.D.a

3.1.1.1.3.D.b

3.1.1.1.3.D.c

3.1.1.1.3.D.d

3.1.1.1.3.D.e

3.1.1.1.3.D.f

3.1.1.1.3.D.g

3.1.1.1.3.D.h

3.1.1.1.4.A

3.1.1.1.4.B

3.1.1.1.4.C

3.1.1.1.4.D

3.1.1.1.4.E

3.1.1.1.5.A

3.1.1.1.5.B

3.1.1.1.5.C

3.1.1.1.5.D

3.1.1.2.C

3.1.1.2.D

3.2.3.C�4.1.3.2

4.1.3.2

4.1.3.2

4.1.4.1

4.1.4.1

4.1.4.1

4.1.3.1



4.1.3.1

4.1.3.1

4.1.3.1

















4.1.4.1

4.1.4.1

4.1.4.1

4.1.4.1



4.1.3.2

4.1.4.1��4.2.S - Limited interface capability between 2-D and 3-D tools�3.3.1.5.A

3.3.1.5.B

3.3.1.5.C

3.3.2.1.D

3.3.2.1.E

3.3.2.5.A

3.3.2.5.B

3.3.2.5.C�4.3.5.1, 4.3.4.1

4.3.4.1



4.3.1.1

4.3.1.1



4.3.3.2

��4.2.T - Available models are limited in range and technologies supported�3.2.3.B

3.2.4.A

3.4.2.1.A

3.4.2.1.C

3.4.3.1.A

3.4.3.1.B

3.4.3.1.D

3.4.3.1.I

3.4.3.1.J�4.2.2, 4.2.4.1, 4.2.4.3

4.2.4.1

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2, 4.4.2.1, 4.4.4.2

4.4.1.1

4.4.1.1

4.4.1.1

4.3.5.2, 4.4.1.1

4.4.1.1��4.2.U - Models are complicated to generate and implement in simulators�3.1.1.2.B

3.4.1.3.A

3.4.1.3.B

3.4.1.3.C

3.4.2.1.G

3.4.2.1.F

3.4.2.3

3.4.3.3�4.2.4.3

4.2.4.2, 4.2.4.3, 4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.4.1.3, 4.4.4.1

4.2.2, 4.2.4.2

4.4.1.2

4.4.1.2, 4.4.2.1, 4.4.3.1, 4.4.4.2

4.4.1.2��4.2.V - Models are not easily portable between simulators�3.1.1.B

3.1.1.K

3.1.2.1.F

3.1.2.1.H

3.4.4.A

3.4.4.B

3.4.4.C

3.4.4.D�

4.1.2.1

4.1.1



4.2.1, 4.2.3.3, 4.4.1.1





��MMIC Design Process (Step 10)��5.12.A - Incomplete/inaccurate starting MMIC specifications�3.5.5.D

3.5.5.A���5.12.B - Changing specifications�3.5.5.D���5.12.C - Inadequate consideration of mechanical and electrical interfaces����5.12.D - Inadequate database of existing designs�3.1.1.4.A

3.1.1.4.B

3.1.1.4.C

3.1.1.4.D

3.1.1.4.E

3.1.1.4.F

3.1.1.4.G

3.1.1.4.H

3.1.2.6.C���5.12.E - Lack of translators to convert design to photomask database�3.1.2.3.B���5.12.F - Inadequate MMIC test plan�3.1.2.5.A

3.1.2.5.B

3.1.2.5.C

3.1.2.5.D���5.12.G - Necessity of fixtured MMIC testing����User Needs not Related to defined Shortfalls���3.1.B

3.1.D

3.1.G

3.1.1.A

3.1.1.H

3.1.1.I

3.1.1.J

3.1.1.1.A

3.1.1.1.B

3.1.1.1.C

3.1.1.1.D

3.1.1.1.E

3.1.1.1.F

3.1.1.1.G

3.1.1.1.H

3.1.1.1.1.A

3.1.1.1.1.D

3.1.1.1.2.B

3.1.1.2.A

3.1.1.2.E

3.1.1.2.F

3.1.1.3.A

3.1.1.3.B

3.1.2.1.D

3.1.2.1.E

3.1.2.1.G

3.1.2.2.B

3.1.2.2.C

3.1.2.3.A

3.1.2.3.C

3.1.2.3.D

3.1.2.6.A

3.1.2.6.D

3.1.2.6.E.1

3.1.2.6.E.2

3.1.2.6.E.3

3.1.2.6.E.4

3.1.2.6.E.5

3.2.1.A

3.2.1.B

3.2.1.C

3.2.1.D

3.2.1.E

3.2.2.A-J

3.2.2.K-M

3.2.2.N-U

3.2.3.F

3.2.3.L

3.2.3.M

3.2.3.P

3.2.6.A

3.2.6.B

3.3.1.1.A

3.3.1.1.B

3.3.1.1.E

3.3.1.3.A-P

3.3.1.4.A

3.3.1.4.B

3.3.1.4.C

3.3.1.4.D

3.3.1.4.E

3.3.1.4.F

3.3.2.1.A

3.3.2.1.B

3.3.2.3.A-I

3.3.2.3.J

3.3.2.3.K-L

3.3.2.4.A

3.3.2.4.B

3.3.2.4.C

3.3.2.4.D

3.3.2.4.E

3.4.2.1.I

3.5.1.A

3.5.1.B

3.5.1.C

3.5.1.D

3.5.1.F

3.5.1.G

3.5.1.H

3.5.2.A

3.5.2.B

3.5.2.C

3.5.4.A

3.5.4.B

3.5.4.C

3.5.4.D

3.5.4.E

3.5.6.A�4.1.1

4.1.4.1

4.1.4.1













4.1.3.2, 4.1.4.1

4.1.4.1

4.1.4.1



4.1.4.1

4.1.4.1





4.1.1





4.1.3.2





4.1.1

4.1.1





4.1.1































4.2.2, 4.2.4.1

4.2.4.1

4.2.2, 4.2.4.1

4.2.2

4.1.3.2, 4.2.3.2

4.2.3.2

4.1.3.2, 4.2.3.2

4.2.3.2



4.3.4.1







4.3.3.1, 4.3.4.1

4.3.3.1, 4.3.4.1

4.3.3.1, 4.3.4.1





4.3.4.1







4.3.2.1



4.3.1.1, 4.3.3.2

4.3.1.1, 4.3.3.2

4.3.1.1, 4.3.3.2

4.3.1.1



4.4.1.2, 4.4.2.1
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Appendix B

Relating MAFET Tasks to WBS

MAFET Task

(Section 4 Paragraph)�WBS Element��Design Environment��4.1.1 OASIS�AAJW, AAJX, AAJY, AAJZ��4.1.2.1 IFF to Cadence Allegro�AALA, AALC��4.1.2.2 Spice Netlister�AALI��4.1.3.1 Allegro MW Enhancements�ABJO, ABJP��4.1.3.2 Artist/Virtuoso Enhancements�ABJN��4.1.4.1 Design Environment Enhancements�ABLC��4.1.4.2 Arbitrary Physical Extractor�ABLB��4.1.4.3 Links to Mechanical Design Tools�ABLA��Circuit/Behavioral Simulation��4.2.1 Neutral Models�ADKG��4.2.2.1 Periodic Small Signal Analysis�ACJD��4.2.2.2 Frequency Domain Enhancements to Spectre RF�ACJE��4.2.2.3 Quasistatic Structure Simulation�ACJF��4.2.3.1 Non-Linear Stability Analysis�ADKE��4.2.3.2 Non-Linear Simulation Enhancements�ADKB��4.2.3.3 Neutral Model Implementation�ADKG��4.2.4.1 Enhanced Envelop Simulator�ACLB��4.2.4.2 SDD/FDD User Defined Models�ACLC��4.2.4.3 Volterra Simulator�ACLD��4.2.5.1 Non-Linear Circuit Simulation Improvement�ADQA��Electromagnetic (EM) Simulation��4.3.1.1 Maxwell Eminence Enhancements�AEIA, AEIB, AEIC, AEID, AEIE, AEIG, AEII, AEIJ, AEIK��4.3.2.1 MIT FASTWAVE Development�AEJC��4.3.3.1 Microwave Explorer Enhancements�AEKB, AEKD��4.3.3.2 Microwave Conqueror Enhancements�AEKA��4.3.4.1 em Enhancements�AEOA, AEOB, AEOC, AEOD, AEOE, AEOF, AEOG, AEOH��4.3.5.1 Fast Parasitic Coupling Algorithms�AEPB��4.3.5.2 Package Effect Analysis�AEPA��Models, Libraries, and Modeling Tools��4.4.1.1 Passive Model Generator�AGLA��4.4.1.2 Active Physics Based Model Generator�AGLB��4.4.1.3 Behavioral Model Development�ACLB��4.4.1.4 Data Server�AALG��4.4.2.1 Enhanced Active Device Models�AGFA��4.4.3.1 Non-Linear Pre-Matched Active Device Model�AGAA��4.4.3.2 Coplanar Waveguide Modeling�AGAA��4.4.4.1 MCA Level Behavioral Modeling�AGGA��4.4.4.2 Active Device Modeling�AGGB��4.4.5.1 Low-Cost Package Modeling�AGTA��4.4.5.2 Package Leackage and Radiation Loss�AGTA��
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define Doubler (in, out)

parameters Gain = 10

sdd:sdd1  in 0    out 0

   i[1,0] = 0

   f[2,0] = _v2 - Gain* (2*_v1^2-1)

end










