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ABSTRACT

Exploratory prototype DfM tools, methodologies and emerging physical process models are described. The examples
include new platforms for collaboration on process/device/circuits, visualization and quantification of manufacturing
effects at the mask layout level, and advances toward fast-CAD models for lithography, CMP, etch and photomasks. The
examples have evolved from research supported over the last several years by DARPA, SRC, Industry and the Sate of
California U.C. Discovery Program. DfM tools must enable complexity management with very fast first-cut accurate
models across process, device and circuit performance with new modes of collaboration. Collaborations can be promoted
by supporting simultaneous views in naturally intuitive parameters for each contributor. An important theme is to shift
the view point of the statistical variation in timing and power upstream from gate level CD distributions to a more
deterministic set of sources of variations in characterized processes. Many of these nonidealities of manufacturing can be
expressed at the mask plane in terms of lateral impact functions to capture effects not included in design rules. Pattern
Matching and Perturbation Formulations are shown to be well suited for quantifying these sources of variation.
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1. INTRODUCTION

Semiconductor Manufacturing is facing severe and worsening challenges in achieving yields, delivery schedules, and
costs. Major efforts have been spawned within and among IEDM’s, Foundries, Fab-Less design companies and EDA
vendors to address these issues in what generally fit under the heading of Design for Manufacturability (DfM) and even
Manufacturability for Design (MfD). The challenge is to be able to integrate the complexity and enormity of subtle
processing effects that impact circuit performance through out the semiconductor manufacturing flow.

The need to consider physical effects during the design process has been recognized for years including this fifth SPIE
conference on this topic. The dialog over the last 10 years has migrated from Optical Proximity Correct (OPC) to
Process Proximity Corrections (PPC) as more processing effects were considered. The strategy has been to pay attention
to the dominant nonidealities in processing. A seminal result from the 2005 SPIE conference by an IBM team [1] was
that DfM could be a win for design as well as a win for manufacturing. Example layouts were shown that were smaller
in area as well as more acceptable in manufacturing. This indicates that major gains are possible by collaborating across
previously ridged boundaries. It may well be that designers are as good at dealing with integrating complexity as process
technologists and Technology CAD developers. Today the strategy is to consider physical effects in the context of the
full chip design and to begin to do so early in the design flow at high levels of abstraction with commensurate fast but
approximate physical models [2].

This paper looks at the emergence of new DfM strategies based on the experience of the authors in university research
on characterization, physical modeling and control. The paper begins with an overview of the requirements for DfM
approaches and the leverage that the authors bring from ongoing process-centric collaborative research. Specific projects
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