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300 mm Leading Edge Materials Selection  
The first item in this section, “CZ Wafers”  refers to wafers produced from crystals grown by the Czochralski method without any attempt to reduce or eliminate COP formation during crystal growth, and without any further attempt to remove COPs before the wafers are shipped to the customer.  As noted in the text, the Starting Materials Potential Solutions figure reflects the needs of the leading edge technology generation shown in each column.  Therefore, when the “CZ Wafers” option in the Materials Selection section disappears at the 65 nm technology generation and “Defect Engineered CZ Wafers” are shown to become the predominant wafer type, it does not mean that CZ Wafers will cease to be used for all applications, but only that such wafers are deemed inappropriate for leading-edge production on 300 mm wafers at the 65 nm technology generation.  This is because wafer fab yield enhancement engineers are finding high COP densities to be an increasingly unacceptable interference in the detection and classification of visual defects as design rules become smaller. 
“Defect Engineered CZ Wafers” (the second item in this section), are expected to remain in use for some IC device categories through the end of the roadmap, although it seems clear that advanced processors will require SOI sometime within the next few years as classical planar CMOS approaches scaling limits due to leakage and short-channel effects.  Furthermore, the limitation in carrier mobility for unmodified silicon is becoming a significant constraint and solving it may require a change in the basic semiconductor material.  Such a change could occur in conjunction with either SOI or non-SOI wafers.  These trends are shown in the Starting Materials Potential Solutions figure by the use of a narrower bar for the “Defect Engineered CZ Wafers”  as compared to SOI (indicating a belief that SOI will predominate for the later technology generations), and an “Emerging Materials” bar that shows contributions to both SOI and non-SOI wafers (indicating an uncertainty about which wafer type is likely to be initially coupled with emerging materials).  A similar situation exists for another type of emerging material, high-resistivity silicon substrates, which are gaining acceptance for
high-frequency circuits on both SOI and non-SOI substrates. 
A number of IC manufacturers have already implemented SOI for mainstream products on leading-edge technology generations, but the cost of SOI wafers has prevented universal acceptance.  The Starting Materials Sub-TWG, however, believes that performance issues with classical planar CMOS will drive widespread acceptance of SOI no later than the 32 nm technology generation. 
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Wafer Diameter  
Periodic wafer diameter increases are required to maintain factory productivity so semiconductor device manufacturers can remain on Moore’s Law.  The next wafer diameter increase (450 mm) currently is projected to be in full production in 2013.  It is believed that significant development efforts must begin approximately eight years earlier, in 2005.  The Starting Materials Potential Solutions figure for 2003 shows some development already underway, but it should be emphasized that development efforts on 450 mm wafers need to be substantially accelerated from the present levels by 2005 at the latest. 
Many industry observers have questioned the economic viability of 450 mm conversion, and suggested that a different source of increasing wafer fab productivity should be sought.  These suggestions usually involve novel substrates and new circuit approaches.  Novel substrates are thought of as large area, low cost, probably non-crystalline materials used as strata for single-crystal silicon.  New circuit approaches include 3-D circuits and multi-valued logic, consistent with SOI wafers, or perhaps,  radical approaches to 3-D circuitry.  The widespread implementation of any of these alternatives to expand and/or replace silicon would be a major task for the industry, requiring an entire hierarchy of paradigms to be discarded and replaced with new ones.  It also would be a major risk, given that the reason for wafer diameter increases is to increase factory productivity, whereas implementing new manufacturing technologies usually results in a decrease in productivity, at least in the early stages of implementation.  In any case, if these technologies are expected to replace 450 mm wafers in full production by 2011, serious development must begin even sooner than the eight-year lead time
required for the wafer diameter conversion. 
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Site Flatness 
Unlike materials selection issues and wafer diameter, the lack of significant progress in making site flatness improvements is not likely to cause problems in maintaining Moore’s Law, but site flatness is a major concern for semiconductor IC manufacturers as well as for silicon wafer manufacturers, so the Starting Materials Sub-TWG has included it in this Potential Solutions Figure. 
The industry made a substantial gain in site flatness process capability by going to double-sided polish for 300 mm wafers.  Incremental improvements on this basic gain are expected to satisfy IC manufacturers’ requirements to approximately the 65 nm technology generation.  Continued improvement beyond that point may require the implementation of new flatness-improvement technologies, including some combination of the following: 
     • Orientation-dependent etch 
     • CMP polishing 
     • Localized etch – starting from a topographic map of an individual wafer’s surface, the high spots are etched away using a small probe that can move across the wafer.  Plasma or chemical etching could be used. 
     • Localized deposition – again starting from a topographic map of an individual wafer’s surface, the low spots are filled in with a selective deposition.  Unless selective silicon epitaxy is utilized, it would be necessary to follow the deposition with a blanket nonselective etch or CMP to planarize the silicon wafer surface. 
     • Blanket layer – a self-leveling or deformable blanket layer is applied to the wafer and followed by a blanket nonselective etch or CMP to planarize the silicon wafer surface. 
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