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Foreword 

The International Technology Roadmap for Semiconductors (ITRS) is the result of a worldwide consensus-building process. This document predicts the main trends in the semiconductor industry spanning across 15 years into the future. The participation of experts from Europe, Japan, Korea, and Taiwan as well as the U.S.A. ensures that the ITRS is a valid source of guidance for the semiconductor industry as we strive to extend the historical advancement of semiconductor technology and the worldwide integrated circuit (IC) market. These five regions jointly sponsor the ITRS.

The Semiconductor Industry Association (SIA) coordinated the first efforts of producing what was originally The National Technology Roadmap for Semiconductors (NTRS). The semiconductor industry became a global industry in the 1990s, as many semiconductor chip manufacturers established manufacturing or assembly facilities in multiple regions of the world. This realization led to the creation of the International Technology Roadmap for Semiconductors in the late 90s. The invitation to cooperate on the ITRS was extended by the SIA at the World Semiconductor Council in April 1998 to Europe, Japan, Korea, and Taiwan.  Since then, full revisions of the ITRS were produced in 1999, 2001 and 2003; ITRS updates were produced in the even-numbered years (2000, 2002, 2004).

The 2005 ITRS represents a major departure from the previous versions of Roadmaps because it removes the concept of “technology node” as the main pace setter for the IC industry. In the past, DRAM products set the technology pace by quadrupling the number of bits every three years with the introduction of a new major technology generation. The relation among transistor density (4×) and metal half-pitch (×0.7) and year of introduction (three-year) remained constant from the mid-70s to the mid-90s. The reduction from generation to generation of the DRAM half-pitch of metal by 30% (0.7× the previous technology generation) identified a “technology node.” However, the increase in the number of bits by four times from one technology node to the next led to a continuous increase in die size that eventually negatively affected the economics of this silicon cycle. In an attempt to minimize the increase in die size many IC companies accelerated the speed at which new technology nodes were introduced from a three-year cycle to a 2–2 ½-year cycle in the second half of the 90s.

As device features become smaller, MPU and Flash technologies have been approaching (and in some cases producing) features even smaller than DRAM. Additionally, MPU and Flash products have been introduced at a comparable or, at times, even faster pace than DRAMs. As a result, the use of a single number (such as a technology node) derived from the half-pitch of DRAM no longer suffices to characterize the whole semiconductor industry. The 2005 ITRS addresses an independent measure of the technology pace of DRAM, of MPU, and of Flash products.

Another change in the 2005 ITRS indicates the growing interest in new nanoscale devices representing alternatives to CMOS.  Emerging Research Devices topics are now addressed in a separate chapter from the Process Integration, Devices, and Structures chapter. Indeed, even though CMOS is (and will remain) the industry workhorse up to and beyond the year 2020, it is anticipated that new devices will be introduced in the latter half of the next decade utilizing different and new ways of processing and storing information. Most of the proposed devices rely very heavily on new material properties and therefore, a new sub-chapter on Emerging Research Materials has been added to the ERD chapter. 

In conclusion, it is the purpose of the ITRS documents to provide a reference of requirements, potential solutions, and their timing for the semiconductor industry. This objective has been accomplished by providing a forum for international discussion, cooperation, and agreement among the leading semiconductor manufacturers and the leading suppliers of equipment, materials, and software, as well as researchers from university, consortia, and government labs. 

The ITRS documents have become and remain a truly common reference for the entire semiconductor industry. Indeed, the cooperative efforts of the ITRS participants have fostered cooperation among international consortia, universities, and research institutions around the world. It is hoped that the 2005 ITRS will further contribute to stimulate cooperative R&D investments so that the financial burden can be more uniformly shared by the whole industry. It is also hoped that the 2005 ITRS will continue to stimulate the fundamental elements that encourage innovation in individual companies.
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