Form Approved

REPORT DOCUMENTATION PAGE OMB NO. 0704-0188

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering
and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection of
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite
1204, Arlington, VA 22202-4302, and to the Office of M nt and Budget, Paperwork Reduction Project (0704-0188,) Washington, DC 20503.

1. AGENCY USE ONLY ( Leave Blank) 2. REPORT DATE May 1, 2003 3. REPORT TYPE AND DATES COVERED
Final Progress Report
March 5, 1998 - March 4, 2003

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Metrology for the Sub-100 NM Domain Via Fiducjal Grids DAAG55-98-1-0130

6. AUTHOR(S)

Mark L. Schattenburg and Henry |. Smith

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Massachusetts Institute of Technology
77 Massachusetts Ave. ARO-5-1-03
Cambridge, MA 02139

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER
U. S. Army Research Office

P.0O. Box 12211

Research Triangle Park, NC 27709-2211

387512 - EL
11. SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision, unless so designated by other documentation.

12 a. DISTRIBUTION / AVAILABILITY STATEMENT 12 b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

The supported research sought to apply interference lithography technology as a tool for metrology in the sub-100 nm critical
dimension (CD) linewidth regime. Semiconductor industry roadmaps show CDs shrinking to under 35 nm within 15 years. This
requires mask image placement metrology accuracy of 2 nm by 2014. There are currently no industry length-scale calibration
standards at any level of accuracy that may be used to ensure metrology tool accuracy. Instead, the industry relies on various self-
referencing schemes which are inaccurate, expensive, time consuming, and ineffective. MIT developed technology to produce image
placement metrology standards that achieved sub-5 nm accuracy by the end of this Grant. MIT developed a new tool, called scanning-
beam interference lithography (SBIL), which is used to pattern super-accurate grids that will serve as length scale standards. MIT built
and tested Phase 1 of the SBIL tool, proving the concept, and then went on to design, build, and test Phase 2 of the tool. The tool was
successfully used to pattern 300 mm wafers with 400 nm period gratings which has repeatability of under 3 nanometers.

14. SUBJECT TERMS 15. NUMBER OF PAGES
metrology, advanced lithography, interference lithography 5

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OR REPORT ON THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL




REPORT DOCUMENTATION PAGE (SF298)
(Continuation Sheet)

Scientific Personned

Research Staff

Dr. M. L. Schattenburg, Principal Research Scientist, CSR
R. C. Fleming, Semiconductor Process Engineer, CSR

Dr. R. K. Heilmann, Research Scientist, CSR

E. Murphy, Project Technician, CSR

Dr. H. 1. Smith, Professor, EECS

Graduate Students

C. G. Chen, Research Assistant, Electrical Engineering

C. Joo, Research Assistant, Mechanical Engineering

P. T. Konkola, Research Assistant, Mechanical Engineering
M. Lim, Research Assistant, Electrical Engineering

J. Montoya, Research Assistant, Electrical Engineering

Short Statement of Program Goals

The supported research sought to apply interference lithography technology as atool for metrology in the sub-
100 nm (nanometer) critical dimension (CD) linewidth regime. Semiconductor industry roadmaps show CDs
shrinking to under 35 nm within 15 years. This requires mask image placement metrology accuracy of 9 2 nm
by 2014. There are currently no industry length-scale calibration standards at any level of accuracy that may be
used to ensure metrology tool accuracy. Instead, the industry relies on various self-referencing schemes which
are inaccurate, expensive, time consuming, and ineffective. MIT devel oped technology to produce image
placement metrology standards that achieved under 5 nm accuracy by the end of this Grant. Many other
industrial and military electronics applications would issue from such super-accurate gratings, including
encoders and integrated optoel ectronic devices.

Accomplishments

MIT has completed the construction and testing of anovel lithography tool called the Nanoruler, which is
capable of writing and reading large gratings with unprecedented accuracy. MIT have demonstrated the writing
and reading of gratings with a phase stability and repeatability of well under 3 nm, 3.

The Nanoruler utilizes the principle of scanning-beam interference lithography (SBIL), which involves
the interference of small beamsto create a grating “image,” and then scanning a substrate under the image using
a high-performance air-bearing stage. Stage and fringe phase errors are measured using heterodyne digital
phase meters and locked out by use of acousto-optic phase shifters driven by a digital frequency synthesizer and
high-speed digital controls. The Nanoruler is housed in aspecial environmental chamber to ensure the
extremely tight environmental stability required to achieve nanometer fringe stability. Typical system
positional stability during a period of 1 min has been demonstrated to be 2.1 nm, 30]. The Nanoruler is capable
of patterning gratings and grids with periods down to 200 nm on 300 mm-diameter substrates.

One of the goals of the Nanoruler was to demonstrate that large, nano-accuracy gratings can be used as
optical encodersto replace interferometersin lithography and metrology stages, thereby wringing out alarge
source of CD and overlay errors. Stage error is an important component of overlay and CD budgets. In reading




mode, the Nanoruler is designed to read the position and map the phase of gratings written by itself or other
tools. Inthismode, it thus performs essentially as an optical encoder with a precision of ~2 nm.

Improving stage error is becoming increasingly important as linewidths continue to shrink. A 2 nm
stage position error is called for at the 30 nm node. Improved overlay and CD control are critically important
for planar multilevel processing as the industry follows the high-volume manufacturing roadmap. However, it
isof equal, if not greater importance for the low volume, high performance products of interest in defense
electronics. Essentially handcrafted fixes to overlay and CD problems are becoming increasingly common as
linewidths and k-factors shrink. These errors are increasingly driven by tool, pattern and process-dependant
issues. While these costs can perhaps be bourn during high-volume production of consumer chips, during low-
volume production by direct-write lithography of high-performance nanometer-sized devices, problems with
CD and overlay control become increasingly expensive and time consuming to rectify.
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