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OVERALL ROADMAP TECHNOLOGY CHARACTERISTICS &
GLOSSARY

BACKGROUND
The Overall Roadmap Technology Characteristics (ORTC) 2000 Update Tables have been revised from the
International Technology Roadmap for Semiconductors, 1999 edition (ITRS) ORTC to highlight the current
rapid pace of advancement in semiconductor technology.  They represent a “snapshot” of the work in progress
by the International Roadmap Committee (IRC) and the International Technology Working Groups (ITWGs) as
they prepare for the full revision of the ITRS in 2001.

The ORTC tables are used throughout the update and renewal of the ITRS to identify rapidly changing,
leading-edge trends and provide synchronization among the ITWGs.  In July 2000, the IRC reached consensus
on proposing “most aggressive” values for a few high-level ORTC line items that were then used to drive the
complete ORTC update.  These values represent the most optimistic of three scenarios (see details below) that
are still under discussion in preparation for the 2001 edition of the ITRS.  Thus, they represent a start toward
creating new ORTC tables early in the 2001 ITRS revisondevelopment process.

With respect to the ITWG tables, the activities for the 2000 Update are limited to review and correction as
possible considering all tables from the 1999 ITRS.  Some ITWG tables do not comprehend this “most
aggressive” ORTC 2000 Update.  Inconsistencies among the ITWG and ORTC tables are part of this work-in-
progress as  we move towards the full revision of the ITRS in 2001.  Therefore we encourage review of the
ITWG tables as a response-to-date.

The 2001 activities focus on a complete revision of the ITRS.  Once we have consensus on the 2001 ORTC
tables, they will serve as a guide for the activities of the International Technology Working Groups in
producing their detailed chapters for the 2001 edition.

The complete 1999 ITRS, along with the latest 2000 Update Tables are available for viewing and printing as an
electronic document at the International SEMATECH internet web site http://public.itrs.net.

UPDATE OVERVIEW AND OBSERVATION SUMMARY
Please note that the year header on the tables may refer to different points in the development/life cycle of
integrated circuits (ICs), depending on the individual line item metric.  However, unless otherwise specified for
a particular line item, the default year header still refers (as in previous Roadmaps) to the year when product
shipment first exceeds 10,000 units per month of ICs from a manufacturing site using “production tooling.”
Additional clarification was provided this year by the IRC, requiring a second company to start production
within 3 months.  To satisfy this definition, ASIC production may represent the cumulative volume of many
individual product line items processed through the facility.

Furthermore, new IRC guidelines clarified the definition of a Technology Node as the achievement of
significant advancement in the process technology.  To be explicit, a Technology Node was defined as the
achievement of an approximate 0.7x reduction per node (0.5x per two nodes).   The period of time in which a
new Technology Node is reached is called a “technology-node cycle.”  It is acknowledged that continuous
improvement occurs between Technology Nodes, and this is reflected by arithmetic interpolation between nodes
in the annual columns of the “Near-Term Years” tables.  The “Long Term Years” table columns are snapshots at
3-year increments and do not necessarily coincide with Technology Node Years.

In the 1998 ITRS Roadmap Update and the 1999 ITRS Renewal development, a trend was first identified which
indicated that the technology node cycle had accelerated by at least one year compared to the 1997 National
Technology Roadmap for Semiconductors (NTRS).  Additionally, it was discussed that the technology
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implementation trend could be moving from a 3-year technology-node cycle to a 2-year rate, and a pull-in of the
130nm node to 2001 was anticipated.  However, by the completion of the work on the 1999 ITRS in November,
1999, the 180nm node was pulled in one year to 1999, a 3-year technology node cycle was applied, and the
130nm DRAM half-pitch node target remained in 2002.

During their 2000 ITRS Update activities, the ITWGs and the IRC have concluded that a two-year DRAM half-
pitch node cycle rate will indeed be maintained through 2001, pulling in the original 1999 ITRS 130nm node
target from 2002 to 2001.  Beyond 2001, three possible scenarios were considered for potential technology node
(DRAM half-pitch) trends, as summarized below:

Scenario 1 (Sc. 1.0):  Pull-in the 130nm DRAM half-pitch to 2001, but then intersect with the original 100nm
1999 ITRS target in 2005.  Next, interpolate the annual numbers in-between and extrapolate from the
100nm/2005 point at a 70%/node (0.5×/2nodes) reduction rate.

Scenario 1.5 (Sc. 1.5):  Pull-in the 130nm DRAM half-pitch to 2001, but move 100nm to 2004 (a corresponding
1-year pull-in from the original 1999 ITRS point in 2005); then, interpolate the annual numbers in-between,
and extrapolate from the new 100nm/2004 point at a 70%/node (0.5×/2nodes) reduction rate.

Scenario 2.0 (also known as the "Best-Case Opportunity" or "Most Aggressive" case) (Sc. 2.0):  Pull-in the
130nm DRAM half-pitch to 2001, and also correct the original 100nm, 70nm, 50nm, and 35nm "nodes" to the
70%/node definition (0.5×/2nodes rate):  90nm, 65nm, 33nm, and 23nm, respectively.

Please note in Figure 1 and in Table A the 3-year node cycle is being forecast as a future trend for all scenarios.
However, only the new “most aggressive” scenario proposal, Scenario 2.0, includes a correction to the IRC-
defined trend rate.  The new correction results in a 2-year pull-in of the sub-100-nanometer DRAM half-pitch
nodes.

As previously mentioned, for simplification and focus in the 2000 Update publication, only the proposed “most
aggressive” Scenario 2.0 was used to develop the complete ORTC Update Tables included in this ORTC 2000
Update document.  Scenario 2.0 was also recommended by the IRC for use by the ITWGs as guidance in
developing their 2000 Update Tables.  The ITWGs responded in their ITWG 2000 Update tables.

For reference and ease of comparison by the reader, the original 1999 ITRS ORTC target roadmap data has
been included and identified as ´���� ,756µ in the line item labels.  The new proposal targets for the 2000
Update “most aggressive” scenario are identified as “6F� ���” in the line item identifier, and modified targets
are highlighted in EROG EOXH WH[W�

Note in Figure 1 that the “printed in resist” MPU Gate Length trend, originally introduced in the 1998/99 ITRS
development, remains unchanged from its original trend, but now the leading-edge ASIC and MPU are at the
same technology level.  New for the 2000 Update is the addition of a trend to track the actual “Physical Bottom
Gate Length” of leading-edge MPU and ASIC devices.
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OTHER ORTC TABLES, TWG LINE ITEMS/OWNERS

Table              Line Item TWG Owner

♦  Table 2a,b Litho Field Size Lithography

♦  Wafer Size Front End Processes,
Factory Integration

♦  Table 3a,b # of Chip I/O’s Test, Design

♦  # of Package Pins/Balls Test, Assembly & Packaging

♦  Table 4a,b Chip Pad Pitch Assembly & Packaging

♦  Cost-Per-Pin Assembly & Packaging

♦  Table 4c,d Chip Frequency Design

♦  Chip-to-Board Freq. Assembly & Packaging

♦  Max # Wire Levels Interconnect

♦  Table 5a,b Electrical Defects Defect Reduction

♦  Table 6a,b P.Supply Volt. Process Integration, Devices, Structures

♦  Max. Power Design,
Process Integration, Devices, Structures

♦  Table 7a,b   Affordable Cost Economic    (Alan Allan acting)

♦  Test Cost Test
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and Structures
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PROCESS INTEGRATION, DEVICES, & STRUCTURES

SUMMARY
Since the publication of the 1999 ITRS, it has become clear that some of the forecast trends were too
conservative.   In particular, both the MPU transistor gate length scaling and the technology node timing keyed
mainly to the DRAM half pitch are proceeding faster than predicted.  Also, the ASIC gate length scaling is no
longer trailing the MPU scaling.  In response, the PIDS TWG has accelerated the scaling of MPU transistor
gate length and associated specifications in the 2000 Roadmap update and has set the ASIC gate length equal
to the MPU gate length at all nodes.  The changes are in Table 28a, Memory and Logic Technology
Requirements—Near Term.  In the table, for each year through 2001, the MPU gate length is moved forward
by one year in the 2000 update compared to the 1999 ITRS, but the gate lengths are left unchanged from 2002
on.   Other key specifications such as equivalent Tox, Vdd, maximum Ioff, etc., are also moved forward by one year,
following the gate length.  The acceleration is halted with the year 2002 because the TWG is concerned about
the “red brick wall” in equivalent Tox that appears in 2005 in the 1999 ITRS.  The equivalent Tox is small enough
in 2005 to perhaps require high K material for the gate dielectric to keep the gate leakage within acceptable
limits, but the industry has no solution in hand.  Furthermore, prospects of such a solution by 2005 are highly
uncertain.  Moving the gate length and thus the equivalent Tox forward by one year for the 2002 node and
beyond could result in requiring high K gate dielectric earlier than 2005, which the TWG found unrealistic.
The issue of accelerating the gate length and other parameters for 2002 and beyond requires careful analysis of
scaling issues.

Other changes are relatively minor, to correct minor errors, update several values in the tables, and clarify
explanations in the notes.   In Table 28, the changes include an improved definition of the gate delay metric in
Rows 9 and 13, making the S/D extension junction depth values and colors in Row 16 the same as those in the
Front End Processing Table 34, and recognition of special difficulty, starting in 2002, in meeting the gate
leakage requirements for low power transistors (see Note 11).  In Table 29, many of the values have been
updated.

Currently, there is not a consensus amongst the TWGs and the IRC on the acceleration in scaling trends for
DRAM half pitch and MPU/ASIC gate length, especially in 2002 and beyond.   It is vitally important to come to
consensus early in 2001 regarding the appropriate scaling trend to use.   A major challenge for the PIDS TWG
will be to then analyze in detail the resulting impact on device and DRAM scaling and characteristics, including
especially the accelerated development and integration of high K gate dielectric.  Another key challenge will be
to work with the FEP TWG to add flash and FERAM characteristics to the tables, and to expand the logic low
power requirements.  Other key challenges will be to work with the Design TWG to resolve linked device,
circuit, and system issues, such as the impact of gate leakage on logic circuitry, the impact of Vdd and Ioff

specifications on circuit and system power, etc.  Finally, updating and improving the novel devices table will be
a major focus.
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