Accurate modeling of complete functional RF blocks: CHAMELEON RF(
H.H.J.M. Janssen, J. Niehof, W.H.A. Schilders

Philips Research

High Tech Campus 5, 5656 AE, Eindhoven, the Netherlands

{ rick.janssen, jan.niehof,wil.schilders}@philips.com

Abstract

Next-generation nano-scale RF-IC designs have an unprecedented complexity and performance that will inevitably lead to costly re-spins and loss of market opportunities. In order to cope with this, the aim of the European Framework 6 CHAMELEON RF project is to develop methodologies and prototype tools for a comprehensive and highly accurate analysis of complete functional IC blocks. These blocks will operate at RF frequencies of up to 60 GHz.

At the SCEE an introduction to, and overview of the first results achieved in the CHAMELEON RF project will be given.

Introduction

IC design automation tools are indispensable for RF designers in the transition to the nano-scale era. These tools are needed to develop nano-scale designs of unprecedented complexity and performance and, in addition, enable the achievement of single-pass design success to avoid costly re-spins and the loss of market opportunities. 
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Next generation designs will be challenged by an increased number of trouble spots, many of which negligible at lower frequencies but representing a significant limitation for future designs. These trouble spots will have to be accounted for during the design phase in order to avoid costly mishaps that can originate potential failures and additional design and silicon iterations, and must be addressed in future design automation tools.

New coupling and loss mechanisms, including EM field coupling and substrate noise as well as process-induced variability, are becoming too strong and too relevant to be neglected, whereas more traditional coupling and loss mechanisms are more difficult to describe given the wide frequency range involved and the greater variety of structures to be modeled. All this will cause extra design iterations, over-dimensioning or complete failures, unless appropriate solutions are found to resolve these design issues.

CHAMELEON RF

The key to these solutions is the recognition that devices, both active and passive, can no longer be treated in isolation. Complete RF blocks must be considered as one entity, and be treated as such by the design automation tools. Today, it is not possible to perform such analyses of complete RF blocks.

The CHAMELEON RF project will deliver the methodologies and prototype tools to make this possible.

Objectives
Therefore the general objective of the consortium is that of developing a methodology and prototype tools that take a layout description of typical RF functional blocks that will operate at RF frequencies up to 60 GHz and transform them into sufficiently accurate, reliable electrical simulation models taking variability into account.
The main goal of the project, against which the progress of the project work will be measured, is the silicon-accurate modeling of RF functional blocks (such as a VCO or an LNA) with up to 10 transistors, 10 passive devices and implemented in 90 and 180 nano-meter technology with a maximum of 10 levels of metal for frequencies up to 60 GHz.

Advance over state of the art

At the moment, no commercial RF simulation tools for large interconnect structures on semiconductor substrates exist. In the CHAMELEON RF project, prototype tools to accurately predict the behavior of complete RF functional blocks will be developed.

The functional requirements set for any future design framework allowing for the high-fidelity verification of RF blocks must include the following:

· Simulation tools need to allow for a multi-scale (MS) and a multi-resolution (MR) approach.

· Feedback effects should be estimated and approximations should be justified by sub-threshold feedback.

· Functional blocks should be described in terms of net lists (SPICE) to allow inclusion in the design flows.

· Extraction best practices need to be provided to actualize the SPICE models.

· Models of functional blocks must be manageable in size to allow accurate behavior verification.  Such models must also account for the dependence on relevant design or operating parameters.

None of these requirements is currently met by any standard framework.

The contribution of CHAMELEON RF to advance the state-of-the-art in order to fulfill the above requirements will come from the following:

· Hierarchical modeling procedures delivering compact models with connectors at the lower level(s). 

· Top level modeling procedure for the layout environment working with connector-equipped compact models as grey boxes.

· Advanced Reduced Order Modeling (ROM) procedures including parametric support for variability and capable of dealing with the large number of inputs related to the compact model connectors and the variety of operating points. 

Results
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The results will lead to design automation tools, in particular design verification tools, that can be used for comprehensive and highly accurate modeling of electromagnetic effects and other trouble spots in complete nano-scale RF blocks, thereby enabling designers to minimize turnaround time without compromising design quality and first-time-right requirements.

Preliminary project results

Preliminary simulations were performed on a substrate isolation structure, injecting noise into the substrate and analyzing the noise pick-up at the structure. A full-wave, 3D EM analysis is performed, where the substrate is modeled as a true semiconductor, using drift-diffusion equations with very complex doping profiles [1].
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The project has started in November 2005, and will run for a period of two and a half years. First results are expected around the middle of 2006. Further information about the CHAMELEON RF project can be found at the project website [2].
Conclusions

The aim of the CHAMELEON RF project is to develop methodologies and prototype tools for a comprehensive and highly accurate analysis of complete next-generation nano‑scale functional IC blocks that will operate at RF frequencies of up to 60 GHz.
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Figure 1: Overview of the Chameleon RF system. For 4-60 GHz frequencies made possible by nano-scale integration technologies, electromagnetic and substrate noise effects require hierarchical connector-equipped models of full RF functional blocks in order to enable creation of working chips. The models will be variability-aware to account for relatively increasing effects of manufacturing tolerances.








Figure 2: Substrate isolation structure layout (left). S21 curves (right): the comparison between measurement and simulation shows good agreement (<1 dB).








(The CHAMELEON RF project is funded under the European Union IST (Information Society Technologies) 6th Framework Program: FP6/2004/IST/4-027378.
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