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PArT |
Overall Assessment

This part of the report presents the Board’s synopsis of the 2003 assessment, followed by its overall
assessment of the NIST Measurement and Standards Laboratories. Part II provides a laboratory-level
assessment of each individual laboratory. Part III presents a technical review at the division level for
each laboratory.

Synopsis of the 2003 Assessment

Chapter 1
The State of the Laboratories
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Synopsis of the 2003 Assessment

This report, the 2003 assessment of the Measurement and Standards Laboratories (MSL) of the
National Institute of Standards and Technology (NIST), is the latest in a series of independent peer
reviews conducted annually by the National Research Council (NRC) since 1959.! Although commis-
sioned by NIST as part of its process for continuous improvement, this assessment was conducted and
written by a standing board of the NRC that is independent of NIST. This report is based on the
observations and professional judgment of 144 independent, pro bono experts chosen by the NRC for
their relevant technical expertise and appointed to the board on Assessment of NIST Programs and its
seven panels. Most of these scientists and engineers visited NIST twice in 2003 for a total of 3 days of
information gathering and to engage in extensive, in-depth discussions with NIST management and
staff. Through this intensive process, the Board sampled enough programs to enable it to assess the
technical quality of the MSL.

Part I of this report presents the overall assessment of the MSL, and Part II contains summary
assessments of the component laboratories. Part III provides division-level reviews of the MSL, which
include a wide range of observations and recommendations developed from the panels’ extensive fact-
finding activities. In this synopsis, the Board highlights key aspects of its assessment that should be of
interest to the community of NIST stakeholders.

The Board is very impressed with the technical quality of NIST’s intramural work. The reviewed
programs range from very good to excellent, and some are clearly world-class. NIST programs are also
highly relevant to its mission of enabling and advancing standards and technology for U.S. industry and
commerce: most programs are clearly tied to that mission, and most MSL units have a good understand-
ing of their customers and their needs. No other laboratory in the country has the same mission or
capabilities to provide the range of services supplied by NIST.

In addition to its ongoing work in support of measurement and standards development, NIST
provides great value to the nation as a resource offering scientific, engineering, and technical expertise

1Starting in 2004 the NIST laboratories will be assessed biennially. The next report will be published in September 2005.
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that is readily available to address emerging, and sometimes unanticipated, challenges. A case in point
is the work related to homeland security. Existing capabilities of the MSL enabled each of its laboratories
to respond quickly to important homeland security needs. For example:

e The Electronics and Electrical Engineering Laboratory is developing technologies for non-
invasive, in situ detection of weapons, lethal gases, and explosives.

» The Manufacturing Engineering Laboratory has contributed to increasing the cybersecurity of
industrial control systems by helping to define and apply a common set of information security require-
ments for such systems.

e The Chemical Science and Technology Laboratory has created tools for identifying individuals
on the basis of fragments of DNA.

» The Physics Laboratory is improving methods for sanitizing mail and inspecting cargo with high-
energy X-rays.

» The Materials Science and Engineering Laboratory is investigating fundamentals of materials
failure mechanisms associated with the collapse of the World Trade Center’s Twin Towers to learn how
the tensile and creep behavior of steel reacts to the extreme conditions produced by such a massive
assault.

» The Building and Fire Research Laboratory has launched a major study to discover lessons to be
learned from the Twin Towers’ fire and collapse at the World Trade Center, and it is continuing relevant
work to understand how fires spread within buildings and how contaminants disperse through ventila-
tion systems.

e The Information Technology Laboratory is studying how to improve communications among
first-responder emergency teams that rely on various types of equipment, and it is also building on its
earlier work on biometrics for security systems.

There are many more opportunities for measurement and standards work to contribute in important
ways to homeland security, and the Board believes that NIST has the capability of making significant
additional contributions to this area.

The Board is pleased to see the degree to which NIST now disseminates information in digital
format via the World Wide Web. Not only does this availability of information on the Web improve ease
of use, but it also allows for the incorporation of additional useful tools, such as computational and
graphical support. Clearly, providing digitized information is a key mechanism by which the MSL can
maximize its value to the nation. The Board encourages NIST to improve to the greatest possible extent
the efficiency with which it provides such information (so as to reduce the amount of effort that is taken
from creating the information), while also maintaining traditional NIST quality.

The Board’s response to recent developments with respect to NIST facilities themselves is mixed.
The Board is relieved to hear that some funding has been slated to improve the Boulder, Colorado,
campus, a move that is long overdue. Some of the basic infrastructure on that campus is in a precarious
condition, which is especially worrisome given that some of NIST’s most sophisticated work is per-
formed there. The Board is also pleased that the Advanced Measurement Laboratory (AML) on the
Gaithersburg, Maryland, campus—a state-of-the-art facility—will be finished this year. However, the
small amount of funding allocated by Congress for the AML’s start-up and operations raises concerns.

Overall, the Board continues to be impressed with the capabilities and accomplishments of the NIST
Measurement and Standards Laboratories, and it looks forward to reviewing NIST’s progress in the
future.
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The State of the Laboratories

The Board on Assessment of NIST Programs continues to be impressed by the vital and unique
function served by the National Institute of Standards and Technology (NIST) Measurement and Stan-
dards Laboratories (MSL) in the development and transition of new technologies supporting national
interests and also by the level of quality with which they carry out this work. The laboratories establish
and maintain highly accurate, dependable measurement standards that are fundamental to sustaining
commercial infrastructures and to the process of scientific discovery. No other laboratory in the country
has the mission or capabilities to provide the range of services supplied by NIST.

In this first chapter, which constitutes Part I of the report, the Board presents its overall fiscal year
(FY) 2003 assessment of the MSL, focusing on issues that affect the MSL as a whole. Chapters 2
through 8, which make up Part II, present analogous overview assessments for each of the component
laboratories. The focus in those chapters is on observations, conclusions, recommendations, and discus-
sions that should be of value to each laboratory’s senior management. Part III consists of Chapters 9
through 15, which present detailed assessments of the technical programs within each of the laborato-
ries. Part III is based on some 38 site visits during FY 2003 by most members of the National Research
Council (NRC) panels involved in this assessment. The chapters in Part II represent the consensus views
of the panels and Board and are based on the detailed observations contained in Part III.

Each project reviewed was evaluated in the context of overall NIST objectives. The Board estimates
that a significant portion of the projects of the MSL were evaluated in the current cycle of site visits. The
Board believes that this is a sufficiently robust sample of MSL projects to support a high-quality
independent peer review.

QUALITY AND RELEVANCE

Technical Merit and Quality of Laboratory Programs

As has been the case consistently in recent years, the Board finds that the technical merit of the work
performed in the NIST MSL generally ranges from very good to excellent. The Board bases this

Copyright © National Academy of Sciences. All rights reserved.
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judgment on such factors as the level of technical skill and knowledge required by the problems
addressed and the degree of excellence and creativity in the investigative approach. The Board believes
that there is still some room for technical improvement, as there is in any research and development
(R&D) organization, but the overall technical quality of the programs is not a concern.

The Board identified a number of technical programs that stand out as exemplars of NIST’s best
work:

 In the Electronics and Electrical Engineering Laboratory (EEEL), NIST scientists are applying
Josephson junction technology and knowledge of the fundamental constants of nature to develop an
“electronic kilogram,” which will use the precision of voltage metrology to replace the standard mass
samples on which we currently rely. This electronic kilogram will ultimately provide a unit of mass that
is more uniform and replicable. Another example of EEEL’s ongoing work in precision metrology is its
use of the quantum Hall effect to measure the ohm. In the area of innovative technology, EEEL has
developed a promising method for using high-frequency (terahertz) imaging as a way of looking through
paper or clothing. An impetus for this R&D is to develop the capability of searching noninvasively for
weapons, a homeland security application.

e The Manufacturing Engineering Laboratory (MEL) is delving generally into nanotechnology of
importance to future manufacturing. For instance, MEL is pursuing an integrated dimensional and
electrical metrology program that will lead to methods for the fabrication and characterization (dimen-
sional and electrical) of nanoelectronic (below 50 nm in scale) quantum devices. In addition, MEL’s
ongoing work in the Microforce and the XCALIBIR (optical metrology) projects is now developing the
impressive capability of measuring tens of nanonewtons (a nanonewton is a billionth of a newton).

» The Chemical Science and Technology Laboratory (CSTL) has pursued research in microfluidics
that is now leading to dramatic improvements in concentrating and separating ions in microfluidic
streams. These developments open the path to new capabilities in microfluidics control and analysis,
which could be a key element of new biomedical techniques. Significant updates to CSTL’s Mass
Spectral Database are also noteworthy. This database—a long-standing technology that continues to
provide a high-quality and reliable resource—is a “must-have” technology for many chemical laborato-
ries.

* Some of the most striking accomplishments within the Physics Laboratory (PL) relate to its
ongoing leadership in time and frequency technologies. For example, the extremely accurate time and
frequency standards and measurements kept at NIST allow the calibration, synchronization, and interac-
tion of various communications links. This capability is fundamental to the current revolution in the
dissemination and use of information. The Board was impressed by the Web-based service of NIST that
provides time and date stamps. This key service is used worldwide for a variety of Internet transactions
and synchronizations; it is accessed a billion times a day, the highest hit rate for any NIST Web page. A
promising and innovative new technology development is the recent creation of optical clocks that are
based on self-referencing frequency combs. When coupled to NIST’s emerging “atom on demand”
technology, this advance could enable a leap ahead to the next generation of high-precision clocks.

e Among the many excellent programs of the Materials Science and Engineering Laboratory
(MSEL), the advances in the lead-free solder program most impressed the Board. This program seeks to
ameliorate a worldwide problem—the detrimental environmental effects of lead in discarded circuit
boards manufactured with current lead-solder technology. If MSEL is successful in creating and
transitioning lead-free soldering technology for the manufacture of circuit boards, it could provide the
United States with a significant competitive advantage while reducing an environmental risk at the
source and diminishing the need for downstream solutions.

Copyright © National Academy of Sciences. All rights reserved.
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e The Building and Fire Research Laboratory (BFRL) continues to improve its Fire Dynamics
Simulator. This excellent scientific and engineering tool, which is based on scientific models and
verified through field experimentation, is available and used worldwide. It promises to be a significant
factor in the prevention and control of fires. BFRL responded to homeland security needs in the area of
bioterrorism concerns by applying expertise within its Building Environment Division to develop a
model for the spread of contaminants through buildings.

* One of the most impressive accomplishments this year by the Information Technology Labora-
tory (ITL) was the release of the updated Handbook of Special Functions, known to generations of users
by the names of its original (NIST employee) authors, Abramowitz and Stegun. In addition to updating
this classic, ITL will make it available online with computational and graphical support, making it even
more useful and user-friendly than its predecessor was. Another important example of ITL work is its
ongoing leadership in biometrics, which provides the foundation for a range of trustworthy security and
surveillance systems, both current and emerging.

Program Relevance and Effectiveness

The Board applauds the relevance and effectiveness of the work of NIST’s Measurement and
Standards Laboratories. It evaluated relevance and effectiveness according to two overlapping dimen-
sions: (1) how well the programs have met current needs and appear to anticipate and to act flexibly in
meeting future needs of U.S. industry and commerce and (2) how well the programs are aligned with the
current “customer” base. Overall, the Board finds the programs of the MSL to be well aligned with
NIST’s larger goals and mission in support of U.S. commerce.

The most striking evidence of NIST’s flexibility in adapting to meet changing needs is its track
record in quickly applying its base of expertise and experience to homeland security challenges that
were unknown 2 years ago. This base of expertise and experience includes the following:

» Expertise in the analysis of DNA fragments, which became a crucial technology for identifying
victims of the World Trade Center disaster;

o Capabilities for the evaluation of building structural weaknesses, which positioned NIST to
undertake a major analysis of the causes of failure of the Twin Towers at the World Trade Center;

» Imaging technologies that could be readily adapted for noninvasive imaging of weapons;

» Communications expertise that enabled NIST to begin addressing how to overcome equipment
mismatches that plagued first-responders at the World Trade Center site;

e Understanding of dosimetry of importance for treating mail that might carry bioterrorism agents;
and

» Expertise in flow models for ventilation, which allowed NIST to quickly develop a plan for
decontaminating the Hart Senate Office Building in Washington, D.C., after the anthrax attack of 2001.

Although the Board cannot predict which current projects are prescient about future needs, it was
impressed by an ITL project that uses statistical methods for the analysis of variations in metrology
among worldwide standards of importance to trade. While not glamorous, such an analysis could have
very wide-ranging significance for U.S. industry in a globalized market. The lead-free solder program
mentioned above is another example of an activity that demonstrates foresight.

Regarding the second dimension of relevance—how well programs align with the needs of the
currently identified customer base—the Board notes the following positive practices:

Copyright © National Academy of Sciences. All rights reserved.
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* All of the major MSL units measure customer satisfaction.

e It is common to find MSL units communicating proactively with customers through customer
surveys, workshops and technical meetings, and involvement in standards bodies.

e MSL units conduct economic impact analyses, where appropriate.

The number of “hits” on some NIST Web sites is an impressive indicator that NIST is reaching its
customers. Another customer-oriented innovation is the development in some units of guides to good
practice as a new service that complements the traditional standards.

The Board has one concern regarding relevance, which is that excellent customer relations can
sometimes inhibit the pursuit of important new areas when an organization’s overall resources are flat
(as is the case with NIST). For instance, CSTL may have to phase out some of its analytical chemistry
services in order to satisfy growing demands in the life sciences, and ITL may have to do less work of
relevance to the FBI in order to serve other homeland security-related information technology needs.

RESOURCES

Facilities and Equipment

Some of NIST’s laboratory facilities and equipment are excellent. CSTL, for example, is well
equipped to carry out its demanding work; the only major area for improvement identified by the
assessment panel for CSTL was a need to update the electronics in some existing microprobes. Within
MEL, the Manufacturing Metrology Division retains world-class capabilities and has state-of-the-art
facilities for a number of metrology services. The XCALIBIR and Microforce projects are excellent
examples of newly developed, world-class capabilities derived from technical projects. The Physics
Laboratory’s Time and Frequency Division has two new laboratories that provide excellent environ-
mental controls, other parts of PL are slated for partial equipment upgrades, and the laboratory facilities
of some groups within EEEL have seen improvements. Additionally, there have been commendable
safety upgrades at the Boulder campus.

The Board is pleased to hear that some funding has finally been slated to improve the Boulder
buildings, a move that is long overdue. As noted in Chapters 9 and 12, serious problems exist that
significantly threaten NIST’s ability to conduct its work at Boulder, and the budget to correct these
problems is not within NIST’s control. For instance, the country’s primary atomic clock is located in a
building with a leaky roof, and some of EEEL’s work is threatened by serious electromagnetic interfer-
ence from nearby areas.

Some NIST units are experiencing space constraints that could ultimately inhibit their productivity
and/or quality of work. For instance, EEEL still needs facility upgrades in Boulder, and some divisions
are dispersed in different buildings, which limits their synergies. NIST’s joint program with the Univer-
sity of Colorado, JILA (formerly the Joint Institute for Laboratory Astrophysics), still suffers from
insufficient laboratory space. Plans for the construction of a biological wet-lab at JILA have not been
completed; such a laboratory would facilitate the development of important new work. Overall, the
quality of some space on the Boulder campus is not consistent with the quality of the work being done
there. As another example, BFRL could be positioned to do high-quality, high-impact work in structural
fire testing, an important element of homeland security and an appropriate long-term programmatic
growth area for BFRL and its customers—but this work will require the construction of a state-of-the-
art facility for the fire testing of structures under load, plus a commitment to sustain a structural fire
research program over the long term.
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NIST faces a significant challenge in moving into the Advanced Measurement Laboratory (AML)
on the Gaithersburg, Maryland, campus because of budget shortfalls for moving and for facility opera-
tions once the move is completed. The AML represents the state of the art in a facility for physical
sciences research and metrology, with impressive specifications for temperature, humidity, vibration
control, and power. As such, it presents a tremendous opportunity for future efforts at NIST. But it is not
sensible, or in fact sometimes even possible, to have current equipment simply moved into the facility’s
new buildings without significant interruptions of calibration services or substantial risk to precision
equipment. These challenges add to the normal complexity of moving, and they will require staff to
undertake additional planning in order to avoid degradation of performance during FY 2004.

Human Resources

The human resources at NIST remain very strong and constitute an extremely valuable resource for
the nation. According to an internal survey conducted during 2002, employee morale is generally high;
this conclusion comports with impressions gleaned by the Board’s panels during their site visits in 2003.
The working environment at NIST encourages a high rate of employee retention.

With respect to human resources, NIST should continue its attention to maintaining balance in the
following areas:

e Between regular and temporary employees, to ensure the continuance of key organizational
knowledge;

« Between service and research activities, to ensure faithfulness to NIST’s standards mission while
keeping NIST at the forefront of the research that will enable and support future standards activities (see
the next section, “Balance of Service and Research”);

» Between administrative support staff and technical staff, to maximize technical productivity; and

» Between professional staff and laboratory technicians, to allow the best and most cost-effective
distribution of assignments.

In addition, NIST should ensure that technical employees have access to mentors and training in
order to develop staff members for technical leadership positions. NIST also should develop plans that
anticipate the need to replace key technical skills as employees retire or move to other opportunities.

BALANCE OF SERVICE AND RESEARCH

The overriding mission of NIST is service to the nation through the development and dissemination
of advanced methods and standards that serve industry, commerce, and other national needs. However,
staying at the frontier (or pushing the frontier) of measurement science requires a sophisticated and
aggressive research program. The balance between research and services within NIST’s MSL is gener-
ally good.

The challenge of striking and maintaining the best balance can be illustrated by the program of the
Manufacturing Engineering Laboratory. Preparing for the next generation of manufacturing technology
requires attention to intellectual challenges that call for deep thought and long gestation periods. At the
same time, the U.S. manufacturing community is confronted by practical issues that require quick,
workable solutions that are rapidly available. Facing such varied demands is exemplified in the work of
MEL’s Manufacturing Systems Integration Division (MISD). That division’s main objective is to help
manage the ever-increasing complexity of the manufacturing environment, in which every year new
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systems make old ones obsolete, and technology performs new functions that may not previously have
been considered part of the manufacturing enterprise. New technologies might stem from and/or incor-
porate new computer languages, software, operating systems, hardware and software platforms, com-
munications protocols, and so on. Overlying such technical factors are broader considerations: compe-
tition is fierce and cost-consciousness is becoming more prevalent.

To help manage these complexities, MSID is heavily engaged in work on interoperability issues—
the issues related to how these various parts of the manufacturing enterprise work together, and how
interoperation can be automated, since the complexity of the systems has moved beyond the capabilities
of manual controls. Because the rapidity of change is also increasing, manufacturing engineers rely on
MSID, which fills a niche in the manufacturing environment not addressed by programs at universities
or other federal laboratories, or by vendors. The complexity of the issues calls for time lines and a depth
of understanding akin to what would otherwise be addressed in academic research. However, the
ultimate industrialization of new technologies must also be considered; they must be timely, reliable,
and suitable for real-world use.

A different aspect of service is seen when one NIST unit provides expertise to support the work of
another—for example, when ITL expertise contributes to the goals of MSID. Such internal consulting is
one of the roles of ITL. Its knowledge base in information technology (IT) is an important resource for
most other NIST laboratories, because most rely on advanced IT in some way for their instrumentation
and technologies or for the dissemination of their results. Two of ITL’s divisions consult internally and
provide in-house training; other NIST divisions also provide occasional in-house training courses. NIST
must ensure that such supporting activities are appropriately recognized and valued as true collabora-
tions.

Recent homeland security work at NIST illustrates another consideration in gauging the right
balance between service and research: that is, the research directions at NIST today are what will
position it to provide services to address future needs. Expertise developed over years of work created a
foundation in DNA analysis, radiation dosimetry, structural analysis, fire research, communications
technologies, and other areas that could be quickly retargeted to address particular questions of impor-
tance to homeland security. By maintaining a broad research base, sometimes in areas that are neglected
by other research institutions, NIST has the capability of responding rapidly to unforeseen national
needs as they occur.

HOMELAND SECURITY ACTIVITIES

As a special focus in 2003, the Board investigated how NIST’s intramural programs were being
affected by the new emphasis on homeland security work. Overall, NIST has responded very well, and
the redirection or expansion of some efforts into important homeland security work has been very
positive. The demands of homeland security have illustrated the value to the nation of NIST’s broad
range of expertise. Existing capabilities have enabled every in-house laboratory at NIST to respond
quickly and authoritatively to important homeland security needs. For example:

» The Electronics and Electrical Engineering Laboratory is developing technologies for non-
invasive, in situ detection of weapons, lethal gases, and explosives.

» The Manufacturing Engineering Laboratory has contributed to increasing the cybersecurity of
industrial control systems.

» The Chemical Science and Technology Laboratory has created tools for identifying individuals
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on the basis of fragments of DNA.

e The Physics Laboratory is improving methods for sanitizing mail and inspecting cargo with high-
energy X rays.

e The Materials Science and Engineering Laboratory is investigating fundamentals of materials
failure mechanisms associated with the collapse of the World Trade Center’s Twin Towers.

» The Building and Fire Research Laboratory has undertaken a major study to discover lessons to
be learned from the Twin Towers’ fires and collapse at the World Trade Center, and it is continuing
relevant work to understand how fires spread within buildings and how contaminants disperse through
ventilation systems.

e The Information Technology Laboratory is studying how to improve communications among
first-responder emergency teams that rely on various types of equipment, and it is also building on its
earlier work on biometrics for security systems.

There are many more opportunities for measurement and standards work to contribute in important
ways to homeland security, and the Board encourages NIST to undertake more work related to this area,
especially when it leverages and complements other important NIST activities. It recommends that
NIST continue to focus, define, and coordinate NIST expertise in relevant areas and demonstrate NIST
capabilities to the entire homeland security community.

OTHER ISSUES

The flat budgets that NIST has experienced in recent years are a fact of life for now, and they will
necessitate difficult choices in the pursuit of technical advancement. In order to maintain overall techni-
cal quality and productivity, NIST managers should continue to increase emphasis on systematic plan-
ning and priority setting—with the understanding that some popular and successful programs at the
bottom of the priority list will have to be eliminated, so that those with higher priorities can prosper. The
Board has noted some resistance to systematic planning; for instance, Chapter 5 notes that the Physics
Laboratory has made little response to the calls in the Board’s 2001 and 2002 reports for that laboratory
to develop more useful planning guidance for decision making in technical programs. Most parts of the
MSL have been stretched thin in recent years because of very lean budgets. Unless that trend is reversed
or the MSL make strategic decisions to eliminate low-priority programs, the quality of the work will
begin to suffer.

Even in a time of flat budgets, the NIST Strategic Focus Areas (SFAs) and similar initiatives yet to
be defined do offer opportunities for growth. NIST has had good success in moving into homeland
security work, as noted above, and staff could be even more aggressive about bringing their capabilities
to communities targeted by the SFAs.

There is still work to be done to break down barriers to collaboration within NIST in order to make
it easier to apply the best mix of expertise to technical problems. The Board saw many good examples
of cross-laboratory collaborations at the bench level and concludes that the research staff is not con-
strained by organizational barriers. However, the Board saw little evidence of collaboration at higher
levels—for example, joint programs or collaborative planning.

Because the Board’s charge calls for it to assess the relevance and effectiveness of NIST’s technical
intramural work and because relevance and effectiveness must be measured against NIST’s mission and
goals, the Board relies on receiving a clear picture of the organization’s high-level objectives. The
Board is gratified to see good progress across MSL units in specifying missions and goals. The overall
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NIST strategic plan (the NIST 2010 plan') gives useful guidance. In addition, the Strategic Focus Areas
have been very effective at clarifying major directions and coordinating efforts in the NIST program.
These strategic plans are now influencing programmatic decisions in a healthy way, and there seems to
be a broad understanding throughout NIST of what is in the overall plan.

Within some laboratories the Board sees useful operating plans that are based on the strategic plan;
in other laboratories the operating plans are still emerging. The Board believes that insightful, internally
generated operating plans are essential for making optimal technical management choices, especially
during periods of flat budgets such as the present.

The effectiveness and value of some NIST programs have increased greatly in recent years owing to
the availability of results in digital form. The use of a Web site for providing time stamps, noted above,
is a natural and invaluable extension of NIST’s traditional dissemination of the official time by radio.
Making compilations of information—for example, the updated Handbook of Special Functions, the
Guide to Available Mathematical Software, and the Mass Spectral Database—available in digital form
not only improves the ease of use of such compilations but also allows for the incorporation of addi-
tional useful tools, such as computational and graphical support. Clearly, providing digitized informa-
tion is a key way for the Measurement and Standards Laboratories to maximize their value to the nation.

The amount of digitized information disseminated by NIST now necessitates general policies to
ensure the efficient use of resources (human and other) and to maintain the traditional quality associated
with NIST products and services. In 2004, the Board will examine how NIST is addressing this chal-
lenge.

lus. Department of Commerce, National Institute of Standards and Technology, Preeminent Performance—The NIST 2010
Strategic Plan, National Institute of Standards and Technology, Gaithersburg, Md., August 2002. Draft for public review and
comment available online at <HtmlResAnchor http://www.nist.gov/director/planning/nist2010_plan.pdf>.
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Summary Assessments of the Individual Laboratories

Part I of this report presents the Board’s synopsis of the 2003 assessment and its overall assessment
of the NIST Measurement and Standards Laboratories. This part provides a laboratory-level assessment
of each individual laboratory. Part III presents a technical review at the division level for each laboratory.

Chapter 2
Electronics and Electrical Engineering Laboratory

Chapter 3
Manufacturing Engineering Laboratory

Chapter 4
Chemical Science and Technology Laboratory

Chapter 5
Physics Laboratory

Chapter 6
Materials Science and Engineering Laboratory

Chapter 7
Building and Fire Research Laboratory

Chapter 8
Information Technology Laboratory
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PANEL MEMBERS

Constance J. Chang-Hasnain, University of California, Berkeley, Chair
Robert R. Doering, Texas Instruments, Vice Chair

Thomas E. Anderson, II-IV Incorporated, Division of Litton Systems, Inc.
James A. Bain, Carnegie Mellon University

Peter J. Delfyett, University of Central Florida

Michael Ettenberg, Suzmar LLC

Thomas J. Gramila, Ohio State University

Katherine L. Hall, PhotonEx Corporation

Paul S. Ho, University of Texas, Austin

David C. Larbalestier, University of Wisconsin, Madison

Tingye Li, AT&T Research (retired)

Tso-Ping Ma, Yale University

Robert C. McDonald, Intel Corporation (retired)

Bruce Melson, GE Aircraft Engines

Terry P. Orlando, Massachusetts Institute of Technology

Ghery S. Pettit, Intel Corporation

Robert Rottmayer, Seagate Research

Douglas K. Rytting, Agilent Technologies, Inc.

Dale J. Van Harlingen, University of Illinois at Urbana-Champaign
Ronald Waxman, University of Virginia (retired)

H. Lee Willis, ABB, Inc.

Barry M. Wood, National Research Council Canada

Submitted for the panel by its Chair, Constance J. Chang-Hasnain, and its Vice Chair, Robert R.
Doering, this assessment of the fiscal year 2003 activities of the Electronics and Electrical Engineering
Laboratory is based on site visits by individual panel members, a formal meeting of the panel on
February 20-21, 2003, in Gaithersburg, Maryland, and documents provided by the laboratory.!

INational Institute of Standards and Technology, Electronics and Electrical Engineering Laboratory, Programs, Activities,
and Accomplishments, NISTIR 6625, 6626, 6627, 6628, 6933, 6934, 6952, 6953, National Institute of Standards and Technol-
ogy, Gaithersburg, Md., January 2003. These books for the EEEL divisions are available online at <http://www.eeel.nist.gov/
lab_office/documents.html>.
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LABORATORY-LEVEL REVIEW

The mission of the NIST Electronics and Electrical Engineering Laboratory (EEEL) is to strengthen
the U.S. economy and improve the quality of life by providing measurement science and technology and
by advancing standards, primarily for the electronics and electrical industries. This statement is sup-
ported by a strategic plan, which was revised during 2002.2

EEEL is organized in six divisions and two offices: the Electricity Division, Semiconductor Elec-
tronics Division, Electromagnetic Technology Division, Radio-Frequency Technology Division, Opto-
electronics Division, Magnetic Technology Division, Office of Microelectronics Programs (OMP), and
Office of Law Enforcement Standards (OLES) (see Figure 2.1). This chapter provides an assessment of
the laboratory overall, and each division is reviewed in Chapter 9. The discussion of OMP is included in
the section “Semiconductor Electronics Division” in Chapter 9. The OLES was not reviewed during
fiscal year 2003.

Major Observations

The panel presents the following major observations from its assessment of the Electronics and
Electrical Engineering Laboratory:

» The work in EEEL continues to be of very high technical merit and quality. Many staff members
are recognized as world leaders in their fields. In general, there is significant linkage between EEEL
projects and the goals of the laboratory supporting NIST’s mission. This situation is due largely to the
efforts of an intensely committed staff and to management’s support and recognition of the value of
these efforts. So that EEEL can achieve greater impact through higher visibility, the panel recommends
a more concerted effort to publicize the accomplishments of EEEL research and its satisfactory cus-
tomer services.

 In general, the morale of the staff in the laboratory remains high. This is due principally to the
excellent work environment, talented and helpful co-workers, and significant flexibility in conducting
research.

» The extended period of excessively lean budgets for the support of current laboratory activities
now clearly has an influence on its present and future capabilities and effectiveness. Short budgets
present significant constraints on the laboratory’s capabilities to execute its strategic plan and, in
particular, seriously affect succession planning because it is not possible to hire new people until
experienced staff members have retired. To prevent the loss of valuable knowledge, new people should
be hired and trained by experienced staff members prior to their retirement. In addition, the panel is very
concerned with the reduction in numbers of personnel resulting from the continued static or declining
budgets and also with the ultimate impact of these reductions on staff morale and the technical quality
of work.

 Planning for the equipping and use of the Advanced Measurement Laboratory (AML) is now in
progress; however, the panel is highly concerned with the fact that insufficient funding is available to
move personnel and sophisticated equipment into the facility and to support the AML’s operations once

2us. Department of Commerce, Technology Administration, National Institute of Standards and Technology, Electronics
and Electrical Engineering Laboratory Strategic Plan 2002, NISTIR 6844, National Institute of Standards and Technology,
Gaithersburg, Md., February 2002.
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FIGURE 2.1 Organizational structure of the Electronics and Electrical Engineering Laboratory. Listed under
each division are its groups.

it is occupied. Prolonged moving periods will disrupt normal laboratory activities and the capacity at
which the AML'’s services can be provided. At the present time there is no assurance that adequate
funding will be made available to support the move, start-up expenditures, and operational and mainte-
nance costs.

» The panel supports EEEL’s efforts in staff preparation for leadership positions and encourages
continued and augmented training opportunities to deal with issues of succession associated with the
impending retirement of key managerial personnel. In addition, the panel recommends more communi-
cation between management and staff on the alignment of rewards with performance indicators.
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» Impressive progress has been made by the staff in realigning projects with the Strategic Focus
Areas and toward OA opportunities. The panel recommends a more focused and coordinated effort
across divisions to effectively leverage expertise and capabilities.

Technical Merit

The technical merit and quality of research and services carried out by EEEL continued at a very
high level during this assessment period. Many projects navigate the cutting edge of scientific under-
standing and are closely integrated with and serve to advance the standards and calibration services that
the laboratory is asked to perform. In the following brief list the panel points out some of the projects
that stand out for their excellence and that illustrate the merit of the laboratory’s work:

* EEEL programs in metrology continue to be at the forefront of similar efforts, with many
measurements achieving the world’s best performance—including the volt, the ohm, optical power, and
wavelength standards, among others. These programs help to retain U.S. leadership in the field of
standards, and in some cases eventually redefine the standards. The panel was particularly impressed
with the exceptional level of technical skill and creativity of the laboratory’s researchers.

» The Electronic Kilogram project continues to advance, with the goal of providing an alternative
definition of the unit of mass that is based on measured quantities determined by fundamental physical
constants of nature. The unit of mass is currently based on a physical artifact, whose copies differ by
non-negligible amounts. The project combines the use of a number of existing electrical standards (the
volt and the ohm) in order to generate a known force through means of a complex, yet fundamentally
deterministic, magnetic system. Numerous foreign bureaus of standards are making efforts to eliminate
these artifacts. The program at NIST is at the forefront of these efforts.

» The Advanced MOS (metal-oxide semiconductor) Device Reliability and Characterization project
has successfully kept pace with mainstream International Technology Roadmap for Semiconductors
(ITRS) requirements for silicon dioxide measurements. Research efforts continue to provide fundamen-
tal understanding and physical models for the investigation of silicon dioxide failure mechanisms. The
NIST standards are now being adopted internationally and are being used, for example, in the qualifica-
tion of offshore foundries.

* The Quantum Information and Terahertz Technology project involves the development of sen-
sors with improved accuracy, speed, and sensitivity in the millimeter-wave and near-infrared regime.
Applications include the identification of concealed weapons at room temperature, astrophysical appli-
cations, and use as a diagnostic tool in semiconductor processing. The impact of this project is signifi-
cant, particularly with respect to providing excellent support for national interests in homeland security,
communications, and computing.

» The Nonlinear Device Characterization project characterized the phase error in the nose-to-nose
calibration of sampling down converters. This advance has uncovered a previously ignored, fundamen-
tal calibration issue that causes a large uncertainty error. Also, a more general, nonlinear definition of
scattering parameters was developed in collaboration with a University of Colorado faculty researcher;
it uses a matrix formulation and reduces to the classical definition for linear networks.

» The Metrology for Bioeffects of RF (Radio-Frequency) Energy project in support of the National
Institutes of Health is conducting research using reverberation chamber technology. Rats are modeled
by 0.5-liter water bottles, and the effect of multiple such phantoms on field distribution in reverberation
chambers is being investigated. This work should result in a more efficient and repeatable method of
evaluating potential health effects of low-level RF fields than that provided by currently available
techniques.
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» Ultrahigh-speed photo detector measurements have been extended from 65 GHz to 110 GHz.
Further, the vector response—a capability providing both the magnitude and phase of the frequency
response of high-speed detectors—has been added. This important activity potentially addresses many
major new applications areas, such as wireless communications, microwave photonics, and test equip-
ment development and calibration.

» The Single Molecule Manipulation and Measurement initiative has made substantial progress
with the construction and testing of a micromachined magnetic trap fluid cell. The ability to sort and
store molecules should have wide-ranging applications in chemical and biological industries.

» The chip-scale atomic clock utilizes a microelectromechanical system (MEMS) Cs vapor cell for
miniaturizing an atomic clock while keeping precise time measurements. This clock should be very
useful for homeland and military security and for wider industrial applications in which small, relatively
inexpensive devices to provide time standards are needed.

Program Relevance and Effectiveness

EEEL serves a wide array of customers, primarily in the electronics and electrical industries (includ-
ing utilities, telecommunications, and wireless industries), and microelectronics and optoelectronics
manufacturers. Laboratory efforts that support this work are included in the custody, maintenance, and
optimization of highly accurate standards for electrical units; precise calibrations of electrical quantities;
and the development of measurement infrastructures for semiconductor, superconductor, optical net-
working, magnetic storage, and wireless-based services.

The panel believes that EEEL divisions are doing an excellent job of providing services, interacting
with their customers, performing scientific research, and circulating the results of their investigations.
For example, EEEL researchers are world-recognized experts in the area of optoelectronics and have a
reputation for supplying the world’s best calibration services. Interest in their work is demonstrated by
the high level of invited talks and journal articles that they produce each year. EEEL staff members
continue to participate in standards bodies and literally set the standard for quality in the optoelectronics
industry. Measurement techniques and calibration services in this area have recently been expanded to
support technologies under development for homeland defense.

Work in the Magnetic Technology Division features close collaboration between industrial and
government partners for the development and support of technologies of current national interest: for
example, high-speed nanoscale recording systems for the forensic analysis of tapes, magnetic field
mapping, and molecular manipulation as part of the Single Molecule Manipulation and Measurement
initiative. Discoveries from this division are providing solid underpinning for the next generation of
magnetic data storage and microelectronics industries.

Standards development, test methods, and services of the Radio-Frequency Technology Division
are supporting the radio-frequency technologies and electromagnetic compatibility needs of U.S. indus-
try. This division is actively involved in international and domestic standards activities to provide
physically correct test methods and calibration service for U.S. trade and to serve as an impartial expert
body for resolving potential worldwide measurement inconsistencies.

Industry views the Semiconductor Electronics Division’s contributions as unique and essential to
efficiently providing measurement techniques and standards. NIST’s being in a position to provide
methods and standards without bias is seen as extremely beneficial to the overall industry and is
unequaled by any other organization. No other body can provide this unique combination of skills and
capabilities.

The Electromagnetic Technology Division’s development of quantum standards serves the elec-
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tronics industry with its voltage and capacitance standards as well as its sensors for X-ray analysis.
Novel X-ray and infrared sensors have been used in radio astronomy. The development of quantum and
nanoscale technology also provides the technological base for future sensors and standards. Terahertz
sensors have been used in a prototype of a concealed weapons detection system, and superconducting
circuits have been demonstrated for quantum computing that can be useful for revolutionary improve-
ments in computing, communications, and encryption.

Programs in EEEL clearly serve a broad range of scientific and commercial pursuits currently of
interest to the nation. In the FY 2002 report, the panel cautioned about the necessity to avoid supporting
programs that are no longer useful and suggested applying built-in checkpoints as a method to monitor
current and future interest in a project. This panel still does not see that formal checkpoints are being
built in to projects. These checkpoints would be specific times in the project plans at which input from
customers on the project’s goals, objectives, and progress would be sought. These interactions would
provide an opportunity to validate the appropriateness of continuing programs and would allow for
midcourse corrections that take into account shifts in customer priorities or focus.

Laboratory Resources

Funding sources for the Electronics and Electrical Engineering Laboratory are shown in Table 2.1.
In January 2003, staffing for EEEL included 242 full-time permanent positions, of which 202 were for

TABLE 2.1 Sources of Funding for the Electronics and Electrical Engineering Laboratory
(in millions of dollars), FY 2000 to FY 2003

Fiscal Year  Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 32.5 34.8 36.3 45.8
Competence 2.1 2.0 2.0 2.3
ATP 1.4 2.1 34 3.0
Measurement Services (SRM production) 0.2 0.3 0.3 0.2
OA/NFG/CRADA 13.8 19.7 20.9 30.0
Other Reimbursable 2.8 3.2 3.2 3.2
Total 52.7 62.0 66.1 84.5
Full-time permanent staff (total)4 259 244 242 242

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. Compe-
tence funding also comes from NIST’s congressional appropriations but is allocated by the NIST director’s office in multiyear
grants for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technol-
ogy Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or
in support of ATP projects. Funding to support production of Standard Reference Materials (SRMs) is tied to the use of such
products and is classified as “Measurement Services.” NIST laboratories also receive funding through grants or contracts from
other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry in the form of cooperative
research and development agreements (CRADAs). All other laboratory funding, including that for Calibration Services, is
grouped under “Other Reimbursable.”
aThe number of full-time permanent staff is as of January of that fiscal year.
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technical professionals. There were also 39 nonpermanent and supplemental personnel, such as post-
doctoral research associates and temporary or part-time workers.

Overall, the panel believes that the laboratory is doing the best it can to support its mission, given
the constraints of personnel and fiscal resources as well as aging equipment and facilities. In EEEL, the
budget gap is mended mostly through the painstaking and creative efforts of the staff to fill in personnel
gaps with postdoctoral associates, students, and part-time staff; to increase the levels of outside other
agencies (OA) and Advanced Technology Program (ATP) funding; and to use creative approaches to
build outside collaborations that result in the expansion of experimental resources. As an example, the
Semiconductor Electronics Division is partnering with SEMATECH to use its critical dimension (CD)
measurement capability to support metrology needed by the semiconductor industry. Additionally,
members of the research staff have volunteered their time to upgrade and recycle existing equipment to
meet the requirements of advanced experimentation.

Across the board, laboratory projects continue to struggle with non-inflation-adjusted budgets and
loss of personnel. These constraints inevitably restrict the ability to be responsive and, to a lesser extent,
innovative vis-a-vis the changing reality of metrology in an international context. The panel observes
that shrinking budgets create an ever-shrinking workforce. As more and more is asked from each
division operating under the constraint of maintaining legacy systems, salary increases with decreasing
budgets force the division not to replace personnel as they retire or leave. Additionally, senior staff
turnover due to retirement is expected to be high over the next 3 to 5 years, meaning that there will be
a loss of valuable expertise. Succession planning factored with strategic planning is critical to the future
health and survivability of the divisions. Such planning must be done before the staff shrinks further, so
that critical work can be continued while new capabilities are developed.

Examples of the impact of limited resources on the division’s effectiveness are available. The Time
Domain Measurements Group, for one, has turned down homeland security projects because of the lack
of needed human resources. The primary researcher on the Gaithersburg single-electron transistor (SET)
project is forced to spend months of his time dealing with commercial equipment failures. Unavoidable
demands of calibration services hamper the essential development of modern AC-DC transfer devices.
Each of these examples involves intensely committed staff members whose value is clearly recognized
by division and laboratory management and who are actively supported, based on sound judgment, to
the extent of current funding capabilities. But limitations on those funding capabilities are now having
a direct and negative impact. It must be made clear that this situation will likely not, in the panel’s
opinion, be addressed by additional reallocation of resources, as has already happened for some projects;
because overall resource allocation is so thinly stretched, equally troublesome examples would quickly
turn up in other programs. The problem is instead related to the overall level of support.

A serious concern linked to funding is the occupancy and use of the new AML facility. The AML
buildings represent the state of the art in physical sciences research and metrology, with impressive
specifications for temperature, humidity, vibration control, and power; these buildings present a tremen-
dous opportunity for future efforts at NIST. The panel is pleased that detailed plans are in place and that
ongoing planning adjustments are being made, with operational units strongly involved, to accomplish
the move into the AML facility should funds become available. However, funding appears to be
inadequate for properly and effectively moving into and using this world-class facility. Although the
panel learned that efforts are being made to secure the funds needed, there is no assurance that they will
be provided. It would not appear to be sensible, or in fact sometimes even possible, to have current
equipment simply moved into the new buildings without significant interruptions of calibration services
or substantial risk to precious equipment. A realistic evaluation of the funding required to capitalize on
the nation’s prudent investment in these new buildings should be made. There is significant concern that
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the facility’s clean room, once operational, may be underutilized owing to insufficient capital equip-
ment. Finally, the panel is very concerned that the equipment operation and maintenance costs may not
be fully budgeted. The panel strongly recommends developing a plan that is comprehensive and that
aligns well with NIST’s long-term strategic plan.

The lack of provisions for steady equipment infrastructure improvements is a perennial worry to
EEEL management, which realizes that the laboratory cannot remain at the cutting edge without con-
stant and systematic upgrading of the experimental facilities.

The panel again deems the current status of Building 24 on the Boulder campus to be marginally
functional. Although the condition of the facility has improved, its current state will significantly
compromise NIST’s ability to perform near-field antenna pattern measurements as they continue to push
to higher frequencies (beyond 110 GHz); a prime example is the new Millimeter Planar Near Field
system. Continuing the development of facilities for higher frequencies will enhance the laboratory’s
understanding of the limitations imposed by the current facility. In addition, the panel repeats its
recommendation from last year’s report to significantly upgrade the Boulder facilities.

The Radio-Frequency Technology Division has envisioned—and has developed a proposal for—a
new, world-class radio-frequency electromagnetics experimental research and measurement standards
facility that responds to the status of electromagnetic (EM) field technology users and will enhance the
ability of NIST to carry out its mission to support industry. The panel believes that this new facility is
critical to the future success of the division and recommends that the effort be pushed forward. The
short-term plans for enhancing the existing laboratories will result in more resistance to developing the
RF-EM Field Metrology Laboratory: “There is nothing more permanent than a temporary situation.”

Laboratory Responsiveness

The laboratory’s responses to most of the concerns presented in the FY 2002 report, as well as the
speed and level at which these changes have taken place, are generally impressive.

First of all, the panel applauds the effort in the development of the EEEL Operational Plan and the
beginning of an effort to align EEEL projects with NIST Strategic Focus Areas. The panel recommends
the continuation and refinement of the Operational Plan so that it becomes broadly adopted within the
laboratory, as well as continuous communication with all staff members to ensure a higher level of
understanding.

One panel recommendation in last year’s report related to the development of project evaluation
criteria—key milestones with quantitative benchmarks. The panel saw significant efforts and progress
being made in this direction. The panel believes that this is one of the most important aspects in project
management and recommends the continuation of focused effort in this regard.

The panel notes significant progress in the establishment of a systematic approach for the use and
equipping of the AML. In particular, major progress has been made this past year in the development of
an overall clean room utilization plan and associated capital equipment list. The plan, which has been
agreed to by all of the NIST laboratories, is a major accomplishment. However, as discussed in the
previous section, the panel is still concerned about the inadequacy of funding for the acquisition of
essential and state-of-the-art equipment; the move of equipment and people into AML; the setup,
operation, and maintenance of the equipment; and the upkeep and maintenance of existing activities
during the move.

Examples of the laboratory’s commendable responsiveness to the FY 2002 report include the
reorganization and redirection of projects in the Electricity Division to improve resource allocation and
productivity. The Electromagnetic Technology Division increased its staff size and added a new dilution
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refrigerator to overcome measurement bottlenecks. In the Radio-Frequency Technology Division, sig-
nificant progress has been made in the automation of calibration processes—an effort is to be com-
mended.

The Optoelectronics Division has increased calibration services for higher-power, fiber-coupled
power meters, extended high-speed photodetector calibration services to 110 GHz, and increased re-
search in the area of polarization mode dispersion measurement and emulation. The researchers from the
division greatly increased their visibility by leading industry workshops in this important field of study
and setting up a Web site for wider dissemination of results.
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PANEL MEMBERS

Marvin F. DeVries, University of Wisconsin at Madison, Chair
Richard A. Curless, UNOVA Manufacturing Technologies, Vice Chair
Hadi A. Akeel, FANUC Robotics NA, Inc. (retired)

Christopher P. Ausschnitt, IBM Microelectronics Division

Robert Bridges, Faro Technologies

Richard J. Furness, Ford Motor Company

Marion B. Grant, Jr., Cummins Technical Center

David E. Hardt, Massachusetts Institute of Technology

Mark C. Malburg, Digital Metrology Solutions, Inc.

Eugene S. Meieran, Intel Corporation

Carmen M. Pancerella, Sandia National Laboratories

Jay Ramanathan, Concentus Technology Corporation

Wolfgang H. Sachse, Cornell University

Arthur C. Sanderson, Rensselaer Polytechnic Institute

Masayoshi Tomizuka, University of California, Berkeley

Peter M. Will, Information Sciences Institute/University of Southern California
David H. Youden, Eastman Kodak Company

Submitted for the panel by its Chair, Marvin F. DeVries, and its Vice Chair, Richard A. Curless, this
assessment of the fiscal year 2003 activities of the Manufacturing Engineering Laboratory is based on
site visits by individual panel members, a formal meeting of the panel on March 25-26, 2003, in
Gaithersburg, Maryland, and the documents provided by the laboratory.!

1Department of Commerce, Technology Administration, National Institute of Standards and Technology, Programs of the
Manufacturing Engineering Laboratory 2003, National Institute of Standards and Technology, Gaithersburg, Md., 2002.
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LABORATORY-LEVEL REVIEW

The mission of the Manufacturing Engineering Laboratory (MEL) is to satisfy the measurements
and standards needs of U.S. manufacturers in mechanical and dimensional metrology and in advanced
manufacturing technology by conducting research and development, providing services, and participat-
ing in standards activities. The Manufacturing Engineering Laboratory is organized in five divisions: the
Precision Engineering Division (PED), Manufacturing Metrology Division (MMD), Intelligent Systems
Division (ISD), Manufacturing Systems Integration Division (MSID), and Fabrication Technology
Division (FTD) (see Figure 3.1). The first four divisions are reviewed in this report. This chapter
provides an assessment of the laboratory overall, and division-level reviews are presented in Chapter 10.

Manufacturing Engineering Laboratory

Precision Engineering

Division

® Nanoscale Metrology

® Surface and Microform
Metrology

® Engineering Metrology

® [arge-Scale Coordinate
Metrology

Manufacturing Metrology

Division

® Mass and Force

® Machine Tool Metrology

® Manufacturing Process
Metrology

® Sensor Development and
Application

Intelligent Systems Division
® Perception Systems

® Knowledge Systems

® Control Systems

® Machine Systems

® Systems Integration

Manufacturing Systems

Integration Division

® Design and Process

® Enterprise Systems

® Manufacturing Simulation
and Modeling

® Manufacturing Standards
Metrology

Fabrication Technology Division

FIGURE 3.1 Organizational structure of the Manufacturing Engineering Laboratory. Listed under each division

are its groups.
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Major Observations

The panel presents the following major observations from its assessment of the Manufacturing
Engineering Laboratory:

» All divisions were found to be doing excellent technical work in general. For the programs
evaluated, the divisions in many cases were able to demonstrate that their activities were focused on the
programs determined essential and most important to their mission. In certain cases, projects need
reevaluation and redirection on the basis of work done elsewhere, and some shifts in priorities need to
take place.

» Many projects represent world-class initiatives. Exemplary projects include the microforce real-
ization and the XCALIBIR (X-ray Optics Calibration Interferometer) projects (in MMD); the Intelligent
Control of Mobility Systems project (in ISD); contributions to the STEP (Standard for the Exchange of
Product model data) initiative (in MSID); and the scanned probe oxidation lithographic technique,
application of the Monte Carlo technique to metrology for precision engineering, and the advanced
capabilities of the M48 coordinate measurement machine (CMM) (in PED). PED’s efforts in establish-
ing reference standards for bullet and casing markings are also significant achievements relevant to an
important social need.

» A formal process and format should be established for planning and reporting project time lines
and displaying a clear roadmap of current and planned activities, with a focus on continual process
improvement.

e The panel’s discussions with MEL management and technical staff suggest that the matrix
management process is beginning to work (e.g., it is facilitating 14 MEL cross-divisional projects) and
that the organization is becoming comfortable with it (e.g., project leaders are having more input into the
performance appraisals of the staff they oversee).

» Systematic collaboration among the divisions is showing progress. An overview of crosscutting
programs should be presented for the panel at the division reviews to show how these programs relate to
the division’s activities and how effectively the divisions are performing within these programs. The
success of division collaboration can be expanded to embrace other NIST laboratories.

» MEL is working effectively to broaden its customer base and is establishing processes to identify
best initiatives to help customers. Management has initiated workshops and forums, made trips to key
customers, and provided communications among government, industry, academia, and associations.
Projects need to consider a life-cycle plan that addresses bringing a project to a conclusion and includes
a deployment plan to deliver the project results effectively to the target customers.

» Best practices and evaluations of the state of the art are needed that consider work accomplished
and are then used to determine what and how new projects are to be developed. Data gathered from
workshops, forums, published works, and standards committees can be used to prepare gap analyses that
can be used to help determine needs and priorities.

Technical Quality and Merit

The quality of research in the Manufacturing Engineering Laboratory is high overall; in general, all
divisions are doing excellent technical work. In some areas, MEL work is state of the art relative to work
being performed worldwide. The laboratory appropriately emphasizes collaborative work. In general,
the staff remains competent and motivated to fulfill roles of technical leadership.

Following are examples of projects demonstrating a high level of technical quality and merit:
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o Within the Precision Engineering Division:

—Significant advances in fundamental understanding in the areas of scanning electron micros-
copy (SEM) and optical microscopy continued in 2002. This work is central to the efforts of the division
and is of value to industry in both critical dimension and overlay metrology. Closely interacting with the
industry consortium International SEMATECH (ISMT), the division has provided critical guidance to
metrology efforts in the semiconductor industry. The model-based line width metrology is finding
acceptance among SEM manufacturers, and the overlay research and tool development are central to
overlay benchmarking and calibration.

—The staff of the Surface and Microform Metrology Group are highly regarded in the technical
community; their work is world-leading despite the fact that in some cases NIST instrumentation is
lagging behind that currently available in industrially based laboratories. The group is very involved in
national and international standardization for surface metrology and has made significant contributions
to these standards—for example, the ASME-B46.1 standard and the International Organization for
Standardization (ISO) surface texture series of standards. The group’s utilization of existing resources
has been effective in recent projects, including those on standardized bullets and casings, hardness
traceability, uncertainty reductions, and the calibration of Type-D roughness artifacts.

—The Large-Scale Coordinate Metrology Group developed a laser-tracker calibration system for
the Naval Surface Weapons Center for application to missile launch from submarines. The group is
investigating ways to precisely measure propeller dimensions while simultaneously machining the
propeller. These sorts of collaborative projects keep NIST at the forefront of large-scale metrology.

—The Engineering Metrology Group’s M48 Moore Special Tool CMM is world-leading, with an
error of 1 micrometer or less anywhere in its volume. It is used for length traceability and for evaluation
of two-dimensional CMM traceability artifacts and other calibrations. The group’s gage block calibra-
tion capability is world-class, and ongoing research into the effects of deformation and surface finish are
maintaining this traceability program at this level.

e Within the Manufacturing Metrology Division:

—The work on microforce measurements represents significant progress. Its impact is signifi-
cant, the technology challenges have been clearly identified, and a detailed technical plan has been
developed. This project is progressing toward establishing the reference standard for small force mea-
surement.

—The advanced optics metrology program is well focused on areas of significant need and is of
high technical quality. The XCALIBIR project is focused on an area of significant metrology need in
semiconductor manufacturing. The laboratory capability and technical results are world-class.

—Significant collaborative work is being successfully performed in the mass measurement arena
using the Silicon Sphere.

o Within the Intelligent Systems Division:

—The competence development and infrastructure program develops fundamental competence
in areas of broad relevance to the division. It also provides a framework within which intelligent systems
technologies can be evaluated, specified, and integrated by the manufacturing industry.

—The division’s accomplishments on Department of Defense unmanned ground vehicles (UGVs)
include successful demonstrations of NIST real-time control (RTC) controlled robotic vehicles and the
publication of a reference model architecture for UGVs. The NIST team is among the world leaders in
UGYV technology.

—Work on the development of an interoperability testbed for intelligent open architecture manu-
facturing systems is of high quality.
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e Within the Manufacturing Systems Integration Division:

—The division is engaged in high-quality work at several levels of abstraction in system integra-
tion capabilities: standards and measurements, process representation, integration, modeling capabili-
ties, and the use of software to enhance manufacturing performance.

—The interoperability project is well planned and represents a best-practice area demonstrating
creative application of the principles of logic.

Significant opportunities in the MEL for further progress and development of technical work in-
clude these:

» Achieving an improved process of planning and of continual process improvement, as well as
improved reporting technical merit through a more consistent program and project planning format that
describes a time line and schedule for a project, includes a budget and financial summary, and provides
a summary of critical issues and interdependent steps planned.

» Expanded collaboration with other national engineering laboratories. Examples might include the
University of Michigan and Sandia National Laboratories for reference testing; Ohio State University
and the University of Illinois for predictive process engineering; and ISO TC213, ASME B89, Applicon
Bravo, PTC (ProNC), and Lockheed Martin for STEP-NC (STEP—numerical control) and STEP-
CMM. Partnership with the Oak Ridge Y12 Metrology Laboratory could be explored to provide CMM
calibration service during the move to the Advanced Measurement Laboratory and on an ongoing basis.

e Performing industrial deployment tracking that involves user penetration and an emphasis on
manufacturing engineering partnership, taking the STEP project as a good benchmark.

Program Relevance and Effectiveness

The Manufacturing Engineering Laboratory has a unique role to play in U.S. manufacturing through
its expertise in measurements and standards. Generally the work of MEL is both relevant to the needs of
customers (industry, government, and/or other NIST laboratories) and performed and disseminated
effectively. Examples include the following:

e Within the Precision Engineering Division:

—The Nanoscale Metrology program extends dimensional metrology to the submicron scale,
providing standards, measurement capability, and measurement uncertainty guidelines for the semicon-
ductor and nanotechnology industries.

—Advances in fundamental scanning electron microscopy and optical microscopy are of value to
industry in both critical dimension and overlay metrology.

—Through work on the Advanced Metrology Advisory Group (AMAG) 4 benchmarking wafer,
a joint ISMT/NIST project, researchers have played a significant role in establishing a common artifact
for SEM, scatterometry, electrical probe comparisons, and line-edge roughness evaluations.

—The surface and microform metrology work has produced significant contributions to national
and international standardization for surface metrology, including the ASME-B46.1 and ISO surface
texture series of standards. Utilization of existing resources has been effective in recent relevant projects,
such as standardized bullets and casings, hardness traceability, uncertainty reductions, and the calibra-
tion of Type-D roughness artifacts.

—The engineering metrology work manages and reduces the uncertainty contribution of the
traceability of length, location, spacing measurements, and other traditional geometric and dimensional
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tolerancing (GD&T)-type dimensional controls (e.g., roundness, cylindricity, perpendicularity, and
angle). This resource is used by many customers.

—The large-scale metrology work characterizes, evaluates, and improves instruments that mea-
sure coordinates at lengths greater than 1 m. Collaborative projects keep NIST at the forefront of large-
scale metrology and boost industrial productivity.

e Within the Manufacturing Metrology Division:

—In its role as the nation’s reference laboratory for the units of mass, force, vibration, and sound
pressure, MMD provides calibration services, develops advanced methods for mechanical metrology,
and develops national and international standards. This role is critical for the nation’s manufacturing
industry for distributed international manufacturing and commerce. The division retains world-class
capabilities and has state-of-the-art facilities for a number of metrology services, including the
XCALIBIR and the Microforce projects.

—The division acts as a catalyst for collaborative efforts in manufacturing and mechanical
metrology technology among government, industry, and academia.

o Within the Intelligent Systems Division:

—The Critical Infrastructure Protection program is relevant to the homeland security efforts,
especially the need for protection of the nation’s infrastructure.

—The Intelligent Open Architecture Control of Manufacturing Systems program has relevance
to U.S. Army and homeland security needs; its fundamental aspects can and should be applied to
manufacturing as well.

o Within the Manufacturing Systems Integration Division:

—The division manages both basic research and applied research and development tasks well in
service to customers in government, academia, and industry.

—MSID is heavily engaged in work on interoperability issues, addressing how rapidly changing
components of the manufacturing enterprise work together. The rapid and accelerating pace of change
encourages manufacturing engineers to work with MSID, which fills a niche in the manufacturing
environment not filled by other university, national laboratory, or vendor programs.

—The division’s direct impact on the manufacturing customer base can be significant. As one
example, MSID’s involvement in STEP, a highly visible and highly successful program that has saved
industry approximately a billion dollars, was essential to this program’s success.

The prestigious Department of Commerce Gold Medal was awarded to a staff member for his
fundamental advances in the science and technology of the fabrication and dimensional and electrical
characterization of nanoelectronic devices, and the Bronze Medal was awarded to a division team for
outstanding support and technical contributions in the fabrication and assembly of the Charters of
Freedom encasements that protect the parchments of the Declaration of Independence, the Constitution,
and the Bill of Rights. These awards, along with others (e.g., the Jacob Rabinow Applied Research
Award to the team working in applications of robotics to unmanned ground vehicles; the Judson C.
French award to the team providing mass metrology calibration services and to a division member
responsible for achievement in the development of national traceability for the Rockwell C-Scale
Hardness Test; a Crittendon Award in recognition of a division member’s superior technical instrument
manufacturing and customer service; and additional external awards), provide evidence of the recog-
nized effectiveness of the research done in MEL.
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TABLE 3.1 Sources of Funding for the Manufacturing Engineering Laboratory (in millions of
dollars), FY 2000 to FY 2003

Fiscal Year  Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 27.3 29.1 30.7 32.5
Competence 1.1 1.0 0.6 0.4
ATP 1.8 1.3 1.3 1.5
Measurement Services (SRM production) 0.1 0.1 0.1 0.1
OA/NFG/CRADA 6.1 6.1 6.9 5.1
Other Reimbursable 5.1 5.1 5.2 5.0
Total 41.5 42.7 44.8 44.6
Full-time permanent staff (total)4 232 211 204 202

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. Compe-
tence funding also comes from NIST’s congressional appropriations but is allocated by the NIST director’s office in multiyear
grants for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technol-
ogy Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or
in support of ATP projects. Funding to support production of Standard Reference Materials (SRMs) is tied to the use of such
products and is classified as “Measurement Services.” NIST laboratories also receive funding through grants or contracts from
other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry in the form of cooperative
research and development agreements (CRADAs). All other laboratory funding, including that for Calibration Services, is
grouped under “Other Reimbursable.”
aThe number of full-time permanent staff is as of January of that fiscal year.

Laboratory Resources

Funding sources for the Manufacturing Engineering Laboratory are shown in Table 3.1. In January
2003, staffing for the laboratory included 202 full-time permanent positions, of which 134 were for
technical professionals. There were also 25 nonpermanent or supplemental personnel, such as post-
doctoral research associates and temporary or part-time workers. The decline in staff continues to
represent a significant area of concern, requiring careful management of priorities. This problem will
continue to require thoughtful planning about which projects to begin and which to close.

MEL’s funding remains flat relative to previous years. While this results in constraints, including
the inability to maintain personnel levels (as cost per individual rises annually), a flat budget is, relative
to budgets experienced by the industrial sector in the current economy, enviable. Nonetheless, the fact
that the full-time permanent staff of the laboratory has shrunk in the past several years continues to
present considerable challenges for MEL management as it seeks to address technical goals, objectives,
and priorities of the laboratory.

While recognizing the challenge of managing under such difficult resource constraints, the panel in
last year’s report suggested that MEL could improve the use of its resources through more specific
resource planning, and that progress in MEL strategic planning should be made to match MEL’s
resource planning. The panel suggested at that time the need for a resource plan that encompasses
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human resources, equipment, and facilities and that is integrated with the MEL strategic plan to ensure
that resources are available for and directed toward the laboratory’s highest-priority programs. MEL’s
FY 2003 strategic plan has incorporated a number of these elements; the panel commends that effort. It
suggests further that graphical time line representation (showing planned milestones, project subgoals,
and interdependencies of project activities) for major programs and activities (e.g., the move to the
Advanced Measurement Laboratory) would provide detail that the panel requires in order to offer more
constructive feedback.

The panel previously suggested that MEL define a plan for predicting the mix of skills it will need
in order to achieve major objectives and that it chart how to maintain or obtain these skills. The panel
recognizes that no manager can perfectly predict retirements, separations, or available new hires, but
anticipating these events to the extent feasible and developing a strategy to ensure that the necessary
skill mix is available for the future will help increase the effectiveness of MEL’s use of resources and of
its programs overall. MEL should perform an analysis to determine an effective balance between
administrative staff and technical staff and also between managers and bench-level staff.

The matrix management approach that MEL has taken to meeting its programmatic objectives is
appropriate, and staff seem to have adapted well to matrix management. MEL management has taken
steps to assure that staff are assessed by supervisors who are familiar with their project requirements and
accomplishments.

Existing equipment within MEL is generally acceptable. The laboratory has prepared a detailed
document providing information on equipping the AML, although a summarized presentation of its key
information would be helpful. The AML offers the capability to do world-class work in a number of
important areas; its construction and equipment moves are considered by MEL to be on schedule and
within budget. MEL should be sure to provide timely and effective avenues of replacement and backup
services for equipment that is taken out of service during the move.

Laboratory Responsiveness

The panel continues to observe a high level of cooperation and commitment from MEL staff. The
broadening of the MEL mission statement (removing the restriction to support discrete-parts manufac-
turers) continues to be well aligned with areas of growth and opportunity. Matrix management appears
to be a successful MEL strategy for managing increasingly collaborative activities.

MEL has made responsive progress in attending to its customer focus—which should be extended to
interactions with industry and government personnel at higher organizational empowerment levels than
those of the technical, scientific, and engineering staff that form the great majority of MEL’s external
interactions. MEL has also made progress in strategic and program planning, which would improve
further with the application of standard program planning tools that yield clear definitions and descrip-
tions of milestones and accomplishments. There are opportunities for MEL to refine strategic plans and
themes to achieve clarity of alignment with the NIST Strategic Focus Areas.
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PANEL MEMBERS

James W. Serum, SciTek Ventures, Chair

Alan Campion, University of Texas, Austin, Vice Chair
John Ball, U.S. Army Primary Standards Laboratory
Jeffrey B. Bindell, University of Central Florida

Ulrich Bonne, Honeywell Laboratories

Douglas C. Cameron, Cargill, Inc.

John W. Kozarich, ActivX Biosciences, Inc.

Max G. Lagally, University of Wisconsin at Madison
R. Kenneth Marcus, Clemson University

Mack McFarland, Dupont Fluoroproducts

James D. Olson, The Dow Chemical Company
Athanassios Z. Panagiotopoulos, Princeton University
Gary S. Selwyn, Los Alamos National Laboratory
Michael L. Shuler, Cornell University

Christine S. Sloane, General Motors Corporation

Peter Wilding, University of Pennsylvania Medical Center
Jerome J. Workman, Jr., Argose Inc.

Submitted for the panel by its Chair, James W. Serum, and its Vice Chair, Alan Campion, this
assessment of the fiscal year 2003 activities of the Chemical Science and Technology Laboratory is
based on site visits by individual panel members, a formal meeting of the panel on February 25-26,
2003, in Gaithersburg, Maryland, and documents provided by the laboratory.!

1U.S. Department of Commerce, Technology Administration, National Institute of Standards and Technology, Chemical
Science and Technology Laboratory: Annual Report FY2002, NISTIR 6954, National Institute of Standards and Technology,
Gaithersburg, Md., February 2003.
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LABORATORY-LEVEL REVIEW

The Chemical Science and Technology Laboratory (CSTL) is the nation’s reference laboratory for
chemical measurements. Its mission is to provide a chemical measurement infrastructure to support and
enhance U.S. industry’s productivity and competitiveness; assure equity in trade; and improve public
health, safety, and environmental quality. The laboratory is organized in five divisions: Biotechnology,
Process Measurements, Surface and Microanalysis Science, Physical and Chemical Properties, and
Analytical Chemistry (see Figure 4.1). Following the panel’s major observations from this year’s
review, this chapter presents an overall assessment of the laboratory. Chapter 11 provides division-level
assessments, with detailed discussions of some of the more noteworthy projects.

Major Observations
The panel presents the following major observations from its assessment of the Chemical Science

and Technology Laboratory:

e CSTL’s research and standards programs are technically excellent overall, with many considered
to be world-class by the scientific and technical community in general and by international standards

FIGURE 4.1 Organizational structures of the Chemical Science and Technology Laboratory. Listed under each

division are its division’s groups.
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organizations in particular. The laboratory’s outstanding performance in the Key Comparisons of Na-
tional Metrology Institutes (NMIs) conducted under the auspices of the CIPM (Comité International des
Poids et Mésures) is a particularly fine example of CSTL’s capabilities.

e CSTL has clearly demonstrated both the relevance and effectiveness of its programs to its cus-
tomers, primarily U.S. industry, government, and academia, but also to international science, technol-
ogy, and commerce. Evidence of the impact of its work includes customer feedback from symposia and
workshops, formal economic impact studies, and documented leadership in the international standards
community.

» Even during an extended period of flat budgets, the laboratory’s innovative practices and suc-
cessful partnering have sustained exceptional productivity and the continuation of its high visibility,
recognition, and world leadership in the development of measurement standards. In particular, the panel
cites significant advances in the clinical in vitro diagnostics (IVD) and NIST-Traceable Reference
Materials (NTRM) programs. Having commercial facilities produce NIST-traceable gas standards is an
excellent example of creative leveraging of CSTL’s efforts.

e CSTL has implemented an excellent strategic planning process that is closely aligned with the
goals and objectives of the overall NIST strategic plan (the NIST 2010 plan) and that has enabled it to
effectively anticipate future customer needs. Linking the annual operating plan tightly and transparently
to the strategic plan has been an excellent management decision that allows the laboratory to effectively
plan its ongoing programs while responding to unanticipated needs and opportunities.

» The panel encourages the development of a coherent plan for responding to the explosive growth
of opportunities for the Biotechnology Division. In particular, it is not clear that there currently exists
enough in-house expertise in the biological sciences to guide and support the development of programs
in this field.

» Standard Reference Material (SRM) productivity could be enhanced by building stronger in-
house collaborations.

» The Analytical Chemistry Division continues to be central to the laboratory’s standards develop-
ment. The panel is concerned, however, that declining support for personnel and equipment will ulti-
mately erode both quality and productivity and encourages the laboratory to develop a plan to ensure the
successful continuation of the important work conducted by this group.

» CSTL has made great progress in Web site design and information dissemination; as indicated in
last year’s report, however, there remain lapses in data updates that detract from the utility and value of
these sites. Also, the panel recommends that over the course of the next year the laboratory develop
common entry points for all of the chemical information available on its site, perhaps using a search
engine format similar to that of the Chemical Abstract Services Syfinder.

» While the panel is encouraged with the small increase in laboratory funding over the past year, it
is concerned that proposed federal reductions in Advanced Technology Program funding will require
nontrivial repositioning of the laboratory programs. CSTL should address this issue explicitly in its
strategic and operational planning processes.

Technical Merit

The technical merit and quality of CSTL’s work continue to be excellent, in many cases world-class.
Its performance in the CIPM Key Comparisons is probably the finest single example of its stature in the
national measurements community. The panel also wishes to draw attention to several other examples
that illustrate the outstanding, ongoing quality and technical merit of CSTL projects, including these:
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» Significant advances in clinical markers technologies and the completion of several SRMs for
IVD;

 Significant advances in the rigorous validation of biomarkers for health diagnostics;

« Significant advances in the research on properties and equation-of-state of fluid mixtures near the
critical point, and the release of an updated version of the NIST database REFPROP (alternative
refrigerants);

» Development of the extensible markup language (XML) data format for spectroscopic hyperdata.
This general data format enables very impressive methods for spectral data storage and analysis and is
destined to become a nationally accepted standard format;

* Demonstration of a 10,000-fold improvement in the sensitivity of microfluidic sensors;

e A major update of the NIST Mass Spectral Database, which is among NIST’s most widely
disseminated Standard Reference Databases (SRDs); and

» Successful completion of a Johnson Noise Thermometer prototype and documentation of a noise-
to-power accuracy ratio of better than 0.1 percent over the range considered. The panel views the ability
to recalibrate these sensors remotely—for example, for space station applications—as very significant.

Program Relevance and Effectiveness

CSTL continues excellent practices to ensure that its technical programs are relevant to the needs of
its customers. Various mechanisms are used to gather outside input on current or planned activities;
these include participation in standards committee meetings, technical conferences, benchmarking and
roadmapping activities, professional society meetings and committees, and trade organization events.
Staff members take lead roles in organizing these gatherings and often hold them at NIST. Researchers
maintain informative relationships with a large number and wide variety of guest researchers and
collaborators in industry and at universities to support and leverage their work.

Overall, the programs of CSTL have a strong impact on a wide array of industries and research
communities. CSTL’s contributions often provide critical bridges between research directed toward the
short-range goals of industry and the long-range, open-ended inquiries pursued in universities. Particu-
larly noteworthy for their relevance and effectiveness are the laboratory’s efforts in SRMs, SRDs, and
international standards activities. These services and activities rarely garner headlines, but they under-
pin many critical measurements in the chemical, pharmaceutical, medical, and other industries and are
therefore very highly leveraged investments. Finally, CSTL responded quickly and decisively to recent
national crises and is actively assessing its current capabilities and planning for possible future contribu-
tions to the national homeland security effort. The panel wishes to highlight the following programs for
their significant impact:

* Widely recognized leadership in the development of clinical standards and diagnostic devices,
ensuring continued U.S. dominance in an area fostering more affordable health care at home and abroad.
New methods developed by CSTL for the amplification and automated detection of DNA fragments
served a critical need in the identification of victims of the World Trade Center disaster. This technology
could be the basis of a multitude of applications existing in the military and supporting homeland
security requirements.

» The frequency of visits to the NIST Chemistry WebBook site (an increase of 43 percent in 2002)
and the inclusion of databases in commercial instrument packages. Roughly one-half of all gas chroma-
tography/mass spectrometry instruments sold worldwide include the CSTL Mass Spectral Database,
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enabling the application of these techniques to problems that span nearly every area of science and
technology.

» The pursuit of DNA diagnostics for the detection of human disease in the NIST/National Cancer
Institute (NCI) Biomarker Validation Laboratory. This NIST component of the NCI Early Detection
Research Network (EDRN) serves to refine recently discovered cancer biomarkers and to format new
research tests for field trials in EDRN clinical laboratories. Significant advances are now being made in
the areas of breast and prostate cancer and in the identification of clinical markers for radiation damage
and processes involved in aging.

» The development of an XML data format for spectroscopic hyperdata in the transmission electron
microscope (TEM) laboratory is extremely important work. This general data format supports very
powerful methods of spectral data storage and analysis and is destined to become a nationally accepted
standard format. These data are critically important in almost every area of science, technology, and
manufacturing.

» Developments in microheater sensors have reduced detection limits to as low as 20 to 200 ppb for
sarin; these sensors can also detect mustard gas and GA-tabun with a response time of approximately 50
seconds. A new, monolithic preconcentrator may further increase sensitivity by an additional factor of
10. Carbon nanotubes have been grown on MEMS micro-hotplates, enabling the evaluation of their
performance as gas sensors. This project is relevant to both homeland security and Chemical Weapons
Convention defense technologies.

Laboratory Responsiveness

CSTL provided a detailed, written, point-by-point response to the observations and recommenda-
tions made in the FY 2002 assessment. The panel is, in general, quite satisfied with the laboratory’s
response. Many recommendations were implemented, and thoughtful replies were provided in cases in
which management either could not implement a suggested change (usually for resource or NIST-wide
structural reasons) or chose a different solution based on its own programmatic priorities and resources.
A few examples of the kinds of laboratory responses include the following:

» Determined efforts to bring all calibration programs into compliance with ISO/IEC 17025 have
resulted in significant progress and already rate highly in the eyes of calibration service customers. It
would be especially beneficial for NIST to publish its ISO-compliant quality manual and other relevant
quality documents on the Web. Commercial and government calibration and testing laboratories could
use such documents for a variety of purposes, including use as guides and templates for their own
documents.

» The panel is pleased to note that the laboratory has started to address the issue of management
training for group leaders; this is an important issue, given the broad range of responsibilities now
assigned to group leaders and the general lack of training in these areas in the careers of scientists and
engineers.

e The panel was pleased to see the reorganization of the effort in atmospheric chemistry in the
Surface and Microanalysis Science Division in response to repeated suggestions by the panel over
several years.

* Some responses to the FY 2002 recommendations were not as strong as those noted above. For
example, progress in providing timely Web updates and more interactive site designs continues to be
slow. The dissemination of new knowledge and data generated by the laboratory is critical to its
continued success and utility; now that the Web is the dominant point of contact between NIST and its
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customers, it is imperative that the Web site be an efficient and easy-to-use interface. If resource
limitations at the laboratory level are indeed the constraint to more rapid progress, the panel urges
management to work collaboratively with the directors of the other laboratories and with the NIST
Director’s Office to address this NIST-wide issue of great importance.

Laboratory Resources

Funding sources for the Chemical Science and Technology Laboratory are shown in Table 4.1. In
January 2003, staffing for the laboratory included 271 full-time permanent positions, of which 234 were
for technical professionals. There were also 81 nonpermanent or supplemental personnel, such as
postdoctoral research associates and temporary or part-time workers.

Although there is a small increase in CSTL funding for FY 2003, mandatory salary increases will
translate once more into an essentially flat budget. Within this environment, hard choices have had to be
made, involving trade-offs between personnel and laboratory equipment. The loss of five professional
staff in one division during 2002 has heightened the panel’s concern over the trend in reduction of full-
time-equivalent personnel. As in the previous assessment, the panel observed too many priority projects
with subcritical resources devoted to them. Given that an era of flat budgets has taken hold, the panel
strongly advises the laboratory to take a hard look at its priorities and examine areas in which potential

TABLE 4.1 Sources of Funding for the Chemical Science and Technology Laboratory (in millions of
dollars), FY 2000 to FY 2003

Fiscal Year  Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 37.7 36.9 38.3 45.1
Competence 2.4 1.9 2.7 2.7
ATP 3.3 3.2 2.5 2.1
Measurement Services (SRM production) 2.2 1.9 2.6 2.2
OA/NFG/CRADA 14.2 14.3 12.4 10.7
Other Reimbursable 34 5.8 6.1 6.3
Total 63.2 64.0 64.6 69.1
Full-time permanent staff (total)4 275 264 273 271

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. Compe-
tence funding also comes from NIST’s congressional appropriations but is allocated by the NIST director’s office in multiyear
grants for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technol-
ogy Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or
in support of ATP projects. Funding to support production of Standard Reference Materials (SRMs) is tied to the use of such
products and is classified as “Measurement Services.” NIST laboratories also receive funding through grants or contracts from
other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry in the form of cooperative
research and development agreements (CRADAs). All other laboratory funding, including that for Calibration Services, is
grouped under “Other Reimbursable.”
aThe number of full-time permanent staff is as of January of that fiscal year.
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in-house funding resources may exist. One area suggested is charges for database use. Such an activity
would require backing from comprehensive evaluations of cost and usage issues. Another area sug-
gested for examination is optimization of professional-to-support staff ratios. Also in the line of re-
strained budgets, the laboratory director should exert even greater effort to keep researchers informed of
pending programmatic realignments and perhaps even to invite their input as decisions are being made.
This would not only serve to increase morale but would also be a resource for new ideas based on the
experiences of the staff.

Facilities and instrumental infrastructure in CSTL are very good overall. Updates in the elevators
and exhaust hoods in some buildings have improved the working environment. The panel was pleased to
hear that some funding has at last become available to begin repairs on the Boulder facility. Two
important pieces of equipment, the electron microprobe and the Auger spectrometer, remain in need of
attention to be brought online. It is still not clear when the CSTL equipment will be moved to AML.
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Submitted for the panel by its Chair, Duncan T. Moore, and its Vice Chair, Robert L. Byer, this

assessment of the fiscal year 2003 activities of the Physics Laboratory is based on site visits by indi-
vidual panel members, a formal meeting of the panel on February 11-12, 2003, in Gaithersburg, Mary-
land, and documents provided by the laboratory.!

lus. Department of Commerce, Technology Administration, National Institute of Standards and Technology, Physics
Laboratory, NISTSP 994, National Institute of Standards and Technology, Gaithersburg, Md., February 2003.
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LABORATORY-LEVEL REVIEW

This chapter presents an overall assessment of the Physics Laboratory, beginning with the panel’s
major observations from this year’s review. Chapter 12 provides division-level assessments.

The Physics Laboratory describes its mission as supporting U.S. industry by providing measure-
ment services and research for electronic, optical, and radiation technologies. It is organized in six
divisions: the Electron and Optical Physics Division, Atomic Physics Division, Optical Technology
Division, Ionizing Radiation Division, Time and Frequency Division, and Quantum Physics Division
(JILA). The organizational structure of the Physics Laboratory is shown in Figure 5.1.

Major Observations

The panel presents the following major observations from its assessment of the Physics Laboratory:

» The Physics Laboratory continues its tradition of technical excellence in the development and
dissemination of precise metrics related to physical processes and in the experimental and theoretical
contributions that it makes toward improving the understanding of fundamental physical principles.

» The laboratory’s capital equipment budget is currently insufficient to support needed upgrades to
the sophisticated instruments that are fundamental to its mission.

» The Physics Laboratory must continue to develop a strategic planning and prioritization process
that results in clear laboratory goals and priorities, which can be used to allocate resources, determine
program prioritization, and produce enhanced program focus and effectiveness. The panel observed
little response to its recommendation from last year’s report that strongly encouraged further develop-
ment of the laboratory’s strategic plan. The panel reiterates its recommendation that the current strategic
plan for the Physics Laboratory be updated and that it be made available for review during the next
assessment period.

e The division chiefs should exert more effort in communicating clear laboratory goals to the staff
in order to improve morale and reduce uncertainties that accompany restricted budget environments.

e There is confusion within the staff concerning intellectual property. The laboratory needs to
enunciate a simple and clear philosophy and policy concerning intellectual property and how it affects
performance. This information and procedures for disclosure and patenting of inventions should be
clearly communicated to the staff.

» Responses of the laboratory to the national homeland security initiative have been excellent. This
work has resulted in a shift of emphasis of some programs and loss of personnel which, unless longer-
term resources are provided, will be detrimental to ongoing programs.

» The staff retirement in the Time and Frequency Division leaves a vacancy that will seriously
affect the implementation of its work. The laboratory should respond rapidly with a plan that will keep
the affected efforts current and continuing.

» The lonizing Radiation Division should expand its activities in the medical radiation communi-
ties to support the development of usage protocols and to implement their institutionalization. A person
is needed to champion efforts related to the recently acquired medical accelerator.

» The panel appreciates the new meeting format this year but suggests that future speakers limit the
number of viewgraphs used in order to keep presentations within the time scheduled and to permit a
period for questions and discussion.
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FIGURE 5.1 Organizational structure of the Physics Laboratory. Listed under each division except Quantum
Physics (JILA) are the division’s groups.

Technical Merit

The NIST Physics Laboratory has long been known among its technical peers for the outstanding
level of its scientific research. The laboratory has a tradition of world leadership in many of its areas of
activity. Overall, its researchers are well known for the originality of their work, their ability to carry out
difficult measurements to record levels of precision, and their deep understanding of the basic physical
phenomena that underlie such measurements.
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In its current assessment, the panel found that the Physics Laboratory continues its tradition of
outstanding, original, scientific research and application of rigorous experimental and theoretical ap-
proaches to maintain record levels of precision and accuracy in measurements of physical phenomena.
The panel continues to be impressed with the quality and the quantity of top-notch scientific results
reported in papers published in leading peer-reviewed scientific journals and in presentations and
invited talks at leading technical conferences. Such reporting gives testimony to the technical merit and
high level of respect accorded to NIST scientists and their work by the scientific community. The
laboratory has made many notable technical advances this year, as discussed in the division reviews in
Chapter 12. Some examples of achievements illustrating the excellent quality and technical merit of this
work are highlighted below:

 Significant progress has been made this year on the “atom on demand” effort, which involves
capturing single atoms in a magneto-optical trap and then moving them with lasers. A high-power CO,
laser has been acquired to extract atoms from the source. The next steps are to assess the viability of this
approach and then to place atoms into specific magnetic traps. While operating in the realm of nano-
science, this work has the potential objective of creating quantum computing architectures.

» The definition of a universal logic gate, the so-called geometric phase gate, has been completed.
This gate appears to substantially ease requirements on lasers, for example, and is well suited to scaling
the systems to larger numbers of ions, which in turn offers the potential for realizable large-scale
quantum computers.

» Considerable progress has been made in several areas addressing the continuous refinement of
time and frequency measurements. NIST continues to define the state of the art in these measurements
and, along with the Physikalisch-Technische Bundesanstalt (PTB) in Germany, is considered first in
primary frequency standards performance. Last year’s clock comparison with PTB was the best ever, at
5 parts in 10-!6. Improvements accomplished this year in the understanding of systematic and environ-
mental effects on two-way time transfer support this effort.

» The electron beam ion trap (EBIT) team continues to be a leader in studies of the fundamental
properties of highly charged ions for both fundamental science and its applications. Ongoing measure-
ments of the properties of optical materials at the 157-nm wavelength is fundamental to future-genera-
tion vacuum ultraviolet (VUV) lithography for integrated circuits. Discovery of the original birefrin-
gence phenomenon and of methods for its avoidance has brought substantial outside recognition to the
group.

» Recent demonstration of the Bose condensate in Cs gas and work on coherent manipulation of
collisions in Bose-Einstein condensates (BECs) permit new insights into the production of ultracold
molecules and also seed new concepts for neutral-atom quantum computing. This work is carried out by
one of the few theoretical atomic, molecular, and optical physics groups in the United States; as such,
the Quantum Processes Group is a national resource and leader.

» The expertise of the laboratory is recognized as supporting several important areas of homeland
security. As a member of the Mail Security Task Force of the White House Office of Science and
Technology Policy (OSTP), the Ionizing Radiation Division has been working on sanitizing mail con-
taminated by anthrax during bioterror actions and on associated issues. In the current year appropriate
radiation dosages for parcel packages have been validated, and it has been determined that DNA
profiling is still possible following mail irradiation. Other ongoing efforts in this area include the
examination and development of high-energy X rays for cargo inspections.

» Continued development of surface-sensitive optical methods pioneered at the laboratory has had
a significant impact on priority areas, from semiconductor technology to biotechnology, as well as on
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inherent scientific understanding. These contributions are having a marked impact on laboratories
throughout the world. Recent advances have included the use of doubly resonant (vibrational and
electronic) excitation to enhance the sensitivity and selectivity of these methods. Studies of chemical
groups in DNA monolayers have successfully demonstrated the technique.

Program Relevance and Effectiveness

The Physics Laboratory continues to reach out through a variety of efforts to ensure that its pro-
grams are responsive to customer and national needs and that reliable experimental and theoretical
information is maintained to support emerging technological and scientific directions. These approaches
include individual interactions with customers, industries, and collaborating researchers, as well as the
initiation of topical workshops and active involvement in technical conferences and consortia. As an
example, the panel points out the activities of the Council for Optical Radiation Measurements (CORM).
This council, originally instituted at NIST, evaluates national needs in optical metrology and provides
feedback on the services and standards supplied by the Optical Technology Division. The colorimetry
facility, for example, was developed in response to CORM recommendations.

Activities of the Ionizing Radiation Division in the area of homeland security have been particularly
visible and commendable, resulting in immediate responses to sanitize mail contaminated by anthrax
spores through bioterrorist activities that had the potential to stop mail service across wide areas of the
country. The Ionizing Radiation Division continues to participate in a national task force aimed at
keeping various forms of U.S. mail and archival documents safe. In the coming year, its division chief
will be retained by the Department of Homeland Security in the areas of program evaluation and
development. This assignment will provide further opportunities for the laboratory to align its resources
for participating in this highly important national initiative. The panel further emphasizes observations
on homeland security made by last year’s panel: that is, the Physics Laboratory is now well positioned
to accomplish NIST aims in homeland security and should develop an aggressive proposal in this area
with appropriate federal and private partnerships.

The Physics Laboratory continues to serve as a central, impartial presence in metrology and calibra-
tions for commercial and scientific technology development. Laboratories worldwide rely on its mea-
surements for assessing time, frequency, radiation effects, radiological materials, and the behavior and
properties of optical materials and phenomena. Thus the Physics Laboratory is a national scientific
treasure.

In the present assessment the panel notes that little response has been made to the issues that were
raised by last year’s panel concerning the utility of the strategic plan that had been presented for the
Physics Laboratory. Considerable discussion was devoted to this topic, as reflected in the paragraph
from last year’s report quoted here for reference:

In last year’s assessment, the panel noted that clearly articulated strategic goals for the Physics Labora-
tory would improve program alignment with customer needs and facilitate more effective communica-
tion of program relevance both within NIST and to external stakeholders. The panel notes that, in
response, the laboratory has developed a revised strategic plan, which is an important first step in
strategic program management. The current plan, however, does not appear very useful. It appears to
have been written by an outside consultant, with minimal involvement by division managers. The panel

2National Research Council, An Assessment of the National Institute of Standards and Technology Measurement and
Standards Laboratories: Fiscal Year 2001, National Academy Press, Washington, D.C., 2001.
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found little evidence of the plan’s use for allocating resources relative to priorities and little indication
that the divisions understand the laboratorywide goals and priorities enunciated in the plan. In some
cases, divisions are receiving mixed signals about the importance of and the level of support for specific
programs. The basis for the program prioritization presented in the plan itself remains unclear. The
process of creating a strategic plan is probably more important than the final document itself—engaging
division management and broad staff representation is necessary if the end result is to be clearly under-
stood goals and priorities and better program focus, relevance, and effectiveness. The panel noted that
each division is already carrying out strategic program management to at least some degree; these
divisional efforts are the basis on which a useful laboratorywide strategy can be built.?

The panel reiterates its belief that strategic planning should be a continuous process in the lab-
oratory’s research agenda as a means to maintain the relevance and effectiveness of its programs.

Laboratory Resources

Funding sources for the Physics Laboratory are shown in Table 5.1. In January 2003, staffing
estimates for the Physics Laboratory show 196 full-time permanent positions, of which 155 were for
technical professionals. There were also 48 nonpermanent or supplemental personnel, such as
postdoctoral research associates and temporary or part-time workers.

Despite constrained budgets, the Physics Laboratory facilities still appear to sustain the laboratory’s
current projects. However, there is increasing concern over the lack of adequate funds for necessary
building repairs and capital equipment purchases, upgrades, and maintenance. In the Time and Fre-
quency Division, the cesium primary standard is housed in a laboratory with a leaky roof, and the test
and measurements laboratory is hindered by radio-frequency and microwave signal interference that
will likely limit the ability to conduct future noise measurements with needed sensitivities. Although the
laboratory has responded remarkably to homeland defense needs, radiation equipment will require
updating to meet the demands of newer radiologically based programs. The fact that funding for
homeland security projects has not been allocated is creating a drain on other programs.

On the other hand, laboratory space for the Time and Frequency Division has improved markedly.
Two new laboratories with exceptional environmental controls have been constructed. These laborato-
ries, which will house the laser and quantum logic work, have the best environmental controls on the
site. Old space will be renovated and used for the primary cesium clock fountains. New laboratory space
for optical frequency measurements and the chip-scale atomic clock project will be completed soon. A
plan exists to renovate all Time and Frequency Division laboratories over the next 10 years.

The Optical Technology Division is home to several unique pieces of instrumentation that underlie
the mission of the division. Facilities maintained and developed by the division include the spectral
irradiance and radiance calibration with uniform sources (SIRCUS), the high-accuracy cryogenic radi-
ometer (HACR), the Synchrotron Ultraviolet Radiation Facility (SURF), and instrumentation for deter-
mination of the temperature scales in the high temperature range. The division has been able to provide
ongoing resources not only to maintain existing facilities but also to upgrade them, with respect to both
technical specifications and ease of operations. This trend is illustrated by the shift toward source-based
radiometry and away from detector-based radiometry, the former being more convenient for the genera-
tion of transfer standards and ready calibration of commercial instrumentation.

3National Research Council, An Assessment of the National Institute of Standards and Technology Measurement and
Standards Laboratories: Fiscal Year 2002, National Academies Press, Washington, D.C., 2002, p. 131.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10820.html

itute of Standards and Technology Measurement and Standards Laboratories: Fiscal Year 2003

50 AN ASSESSMENT OF THE NIST MEASUREMENT AND STANDARDS LABORATORIES: FY 2003

TABLE 5.1 Sources of Funding for the Physics Laboratory (in millions of dollars), FY 2000 to
FY 2003

Fiscal Year  Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 33.0 33.0 34.0 40.6
Competence 1.6 1.8 3.1 2.3
ATP 1.9 1.9 2.2 2.2
Measurement Services (SRM production) 0.2 0.1 0.1 0.1
OA/NFG/CRADA 10.1 10.6 11.8 17.1
Other Reimbursable 3.6 4.2 4.4 4.6
Total 50.4 51.6 55.6 66.9
Full-time permanent staff (total)4 204 200 205 196

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. “Compe-
tence” funding also comes from NIST’s congressional appropriations but is allocated by the NIST director’s office in multiyear
grants for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technol-
ogy Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or
in support of ATP projects. Funding to support production of Standard Reference Materials (SRMs) is tied to the use of such
products and is classified as “Measurement Services.” NIST laboratories also receive funding through grants or contracts from
other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry in the form of cooperative
research and development agreements (CRADAs). All other laboratory funding, including that for Calibration Services, is
grouped under “Other Reimbursable.”
aThe number of full-time permanent staff is as of January of that fiscal year.

Despite the laboratory’s ambitious technical objectives, funding of the laboratory has been re-
strained, and the number of permanent employees is strictly limited. Further, steadily increasing over-
head rates erode the ability to provide secure, long-term support for the laboratory’s excellent perma-
nent staff. To meet their goals, divisions are making use of personnel in various other budgetary
categories, such as postdoctoral researchers, contract employees, and emeritus staff. The presence of
scientists in nonregular job categories significantly extends the capabilities of the laboratory. At the
same time, it provides for the needed flexibility to accommodate changes in funding level and program
emphasis. This mode of operation appears to the panel to be effective, although care must be taken to
avoid losing critical expertise within the permanent staff. Oftentimes, some critical technical expertise
resides in a single staff member whose departure could have a significant impact on current programs.

The Atomic Physics Division has been strongly affected by the redirection of its resources to
homeland security efforts. In particular, the Quantum Metrology Group transferred 20 percent of its
base funding to another division, and it lost the group leader to retirement and another staff member to
homeland security activities. These actions have led to a critical situation for the group, and the antici-
pated replacement of these resources has not occurred. Remaining group staff members are early in their
careers and very enthusiastic about the work they are performing. To maintain the group, a more
aggressive hiring plan needs to be developed, to include not only permanent staff but also postdoctoral
associates and/or visiting scientists, or other creative approaches to increasing staff numbers.
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The key resource for the laboratory is, of course, its technical workforce. In its discussions the panel
found, in accordance with recent laboratory-wide surveys, that the level of morale was high. Other than
concern about the tight budgets and significant budgetary uncertainties associated with the outlook for
the Advanced Technology Program and other programs, the panel did not identify major personnel
issues.

Laboratory Responsiveness

Overall, the Physics Laboratory has been responsive to the recommendations of previous reports.
The primary recommendation in recent years was to improve the focus of programs through clearly
articulated, overall strategic goals. The panel’s FY 2002 assessment noted that the laboratory had taken
the first step toward responding to this recommendation, and the panel commended the laboratory for its
leadership role in the NIST-wide health care initiative. In the current year, the laboratory is working
with the University of Maryland to tap into its computational physics strengths in an effort to augment
the laboratory’s capabilities for the establishment of new funding opportunities. While this effort has not
yet established new work, the panel believes that the association can be highly beneficial in the long run.
Other responses within the divisions have contributed to the overall health of the laboratory. Two
examples are discussed below.

The Electron and Optical Physics Division has responded energetically to last year’s recommenda-
tions. The Far UV Physics Group has acquired and is testing a photoelectron microscope, and it is also
working to further exploit the unique capabilities of SURF III for producing spectrally pure and easily
tunable photons in the 3- to 5-eV energy interval.

A continuing concern over the past several years has been the long-term viability of the Atomic
Spectroscopy Group, given its aging staff, inadequate funding, and the lack of enthusiasm for its
strategic mission at high levels of NIST management. In last year’s report the panel expressed signifi-
cant concerns on this subject. As of this year’s review, the prognosis for the group appears much
improved. The Atomic Spectroscopy staff now includes several young members who can be easily
viewed as forming the future core of the group. The energy and passion of these younger scientists are
evident and contribute to the optimism of the group as a whole. The laboratory has provided a basic level
of funding, and the group has had a successful year in attracting new grant funding from various sources.
Although the group is not growing dramatically, at least its situation has stabilized, and its outlook for
the future is brighter.
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PANEL MEMBERS

David W. Johnson, Jr., Agere Systems (retired), Chair
Katharine G. Frase, IBM Microelectronics Division, Vice Chair
Karla Y. Carichner, Conexant Systems, Inc.

Edmund W. Chu, Alcoa, Inc.

Michael J. Cima, Massachusetts Institute of Technology
Kenneth L. Davis, Motorola Laboratories

Lisa Dhar, InPhase Technologies

F.W. Gordon Fearon, Dow Corning Corporation
Elizabeth G. Jacobs, Texas Instruments

Sylvia M. Johnson, NASA-Ames Research Center
Thomas X. Neenan, GelTex Pharmaceuticals

Lloyd Robeson, Air Products and Chemicals, Inc.
King-Ning Tu, University of California, Los Angeles
Robert L. White, Stanford University

Submitted for the panel by its Chair, David W. Johnson, Jr., and its Vice Chair, Katharine G. Frase,
this assessment of the fiscal year 2003 activities of the Materials Science and Engineering Laboratory is
based on site visits by individual panel members, a formal meeting of the panel on March 13-14, 2003,
in Boulder, Colorado, and documents provided by the laboratory.!

1Department of Commerce, Technology Administration, National Institute of Standards and Technology, Ceramics Divi-
sion: FY2002 Programs and Accomplishments, NISTIR 6904, National Institute of Standards and Technology, Gaithersburg,
Md., September 2002. Department of Commerce, Technology Administration, National Institute of Standards and Technol-
ogy, Materials Reliability Division: FY2002 Programs and Accomplishments, NISTIR 6905, National Institute of Standards
and Technology, Gaithersburg, Md., September 2002. Department of Commerce, Technology Administration, National Insti-
tute of Standards and Technology, Polymers Division: FY2002 Programs and Accomplishments, NISTIR 6906, National
Institute of Standards and Technology, Gaithersburg, Md., September 2002. Department of Commerce, Technology Adminis-
tration, National Institute of Standards and Technology, Metallurgy Division: FY2002 Programs and Accomplishments,
NISTIR 6907, National Institute of Standards and Technology, Gaithersburg, Md., September 2002.
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LABORATORY-LEVEL REVIEW

The mission of the Materials Science and Engineering Laboratory (MSEL) is to work with industry,
standards bodies, universities, and other government laboratories to improve the nation’s measurements
and standards infrastructure for materials. MSEL is organized in four divisions: the Ceramics Division,
Materials Reliability Division, Polymers Division, and Metallurgy Division. This chapter provides an
assessment of the laboratory overall, and division-level reviews are provided in Chapter 13. MSEL also
houses the NIST Center for Neutron Research, which is reviewed in a separate panel report at the end of
Chapter 13. The MSEL organization is represented in Figure 6.1.

Major Observations

The panel presents the following major observations from its assessment of the Materials Science
and Engineering Laboratory:

» The Materials Science and Engineering Laboratory continues in its tradition of undertaking and
executing programs of high technical merit and strong relevance and effectiveness.

» The MSEL efforts in homeland security have been exemplary, and the laboratory should now
consider extending those studies into a predictive mode.

» The panel hopes that control of overhead costs will be successful in stopping the erosion of
technical staff and allow the laboratory to maintain its core competencies, its breadth of pursuits that
attract high-quality scientists, and its ability to undertake new areas of research.

e MSEL has been very successful in leveraging its human resources through collaborations. The
panel continues to support judicious use of collaborations, recognizing that many members of the
technical staff are at optimum levels of collaborative efforts.

Materials Science
and Engineering
Laboratory
| | | |
Ceramics Division Materials Polymers Metallurgy NIST Center for
e Electronic and Reliability Division Division Neutron
Optoelectronic Division e Characterization e Electrochemical Research
Materials (Boulder) and Measurement Processing e Neutron
e Characterization e Microscale e Electronics e Magnetic Condensed
Methods Measurements Materials Materials Matter Science
¢ Nanotribology ¢ Microstructure e Biomaterials e Materials e Research
e Data and Sensing e Multivariant Performance Facilities
Standards e Process Sensing Measurement e Materials Operations
Technology and Modeling Methods Structure and e Reactor
e Nanomechanical e Processing Characterization Operations and
Properties Characterization e Metallurgical Engineering
e Dental Materials Processing

FIGURE 6.1 Organizational structure of the Materials Science and Engineering Laboratory. Groups are listed
under each division and under the NIST Center for Neutron Research.
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» Increased staff travel between Boulder and Gaithersburg has paid off in better cooperation be-
tween the two sites. Funding for such travel should be continued.

e The panel is particularly pleased with the effectiveness of efforts in the past year to enhance
laboratory safety.

» The panel encourages the development of innovative methods for the maintenance, acquisition,
and use of capital equipment.

Technical Merit

The technical quality of MSEL continues at a very high level, as evidenced by its quality contribu-
tions and impact on emerging science and technologies, the significant reliance on and use of its
databases, practice guides, and Standard Reference Materials by national and international technical
communities, and the recognition of its technical advances through numerous scientific awards and
publications. The technical competence of staff members remains very high, and their projects often
push the state of the art and its applications.

The level of accomplishment in the laboratory is quite high relative to that of similar organizations.
The laboratory’s output is generally excellent in terms of both quality and quantity. The panel continues
to be particularly impressed with the outstanding accomplishments achieved by researchers through
their effective use of available laboratory resources.

The panel noted in particular that the laboratory is making better use of collaborations both within
and outside of NIST. This change has had a positive impact on programs, increasing the depth of
expertise brought to technical problems and thus increasing the sophistication of the experiments and
theory applied to their solutions.

Among the many MSEL programs with high technical merit and/or clear impact on national inter-
ests, the panel was struck particularly by the following contributions from each division:

e The Ceramics Division has provided leadership in maintaining and upgrading crystal structure
databases and associated software tools accepted worldwide as universal standards.

e The Materials Reliability Division has made improvements in Charpy impact testing and stan-
dards that have wide customer support. Significant progress has been made toward setting an interna-
tional standard for Charpy impact testing.

» The Metallurgy Division has had an impact through the lead-free solder program. This program
addresses a worldwide environmental problem and provides the unique and enabling fundamental data
that give the United States a competitive advantage in providing a solution.

e The Polymers Division has made significant advances in low-k dielectric thin-film nanoporous
material characterization. This work supports the pressing needs for electronic materials and standard
measurements.

Accomplishments such as these are of increased value to U.S. industry given that the level of
materials research in industry has been scaled back in recent years.

Program Relevance and Effectiveness

In addition to the divisional highlights mentioned above, there are numerous programs in MSEL
that support the mission and objectives of the laboratory and NIST. Following are examples of such
programs and their relevance:
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o World Trade Center Program. This program utilizes core competencies of the laboratory to
build an understanding of the failure mechanisms in the World Trade Center’s Twin Towers collapse.
This understanding of the reaction of building materials to severe conditions and the development of
specifications will be of great value in the domestic and foreign building industry.

» Biomaterials. The NIST biomaterials effort has the potential to occupy a unique and critically
important niche at the interface between materials science and biology, and to be highly relevant in the
development of metrology for both commercial and regulatory practices in biotechnology, pharmaceu-
ticals, and medicine. While the effort is still in the early stages, it is well timed for the development of
several initiatives, and the group’s sensitivity toward maintaining integration with its customers is an
important aspect of ensuring success. The panel is particularly impressed with the involvement of the
National Institutes of Health (NIH) both as a resource and as an authoritative body in the biological
field. The panel applauds the MSEL initiative to bring together the materials and biological sciences.
The joint NIST/NIH postdoctoral program to be initiated this year will serve to strengthen this associa-
tion.

o Standard Reference Materials. The laboratory’s relevance and effectiveness continue to be dem-
onstrated through its strong SRM program and the utility that these products find throughout industry.

The panel determined that the laboratory is enhancing its relevance and effectiveness through
reliance on its strategic plan for the allocation of limited resources to a growing set of national needs.
The laboratory is diligent in pursuing its Strategic Focus Areas (SFAs)—Nanotechnology, Health Care,
Homeland Security, and Information Management—which provide a method of unifying individual
projects toward a greater goal and providing avenues for new collaboration and growth. The panel
commends the laboratory for maintaining a balance between these new focus areas and continued
service to its historical constituency groups. The ongoing evaluation process, to prune programs that
have ceased to be innovative while maintaining core competency, is important and must be continued.
The management team is also encouraged to impart its enthusiasm for these focus areas to all levels of
the organization. There is still some skepticism at the bench level concerning the lasting nature of the
SFAs.

Laboratory Resources

Funding sources for the Materials Science and Engineering Laboratory are shown in Table 6.1. In
January 2003, staffing for the laboratory included 169 full-time permanent positions, of which 139 were
for technical professionals. There were also 55 nonpermanent or supplemental personnel, such as
postdoctoral research associates and temporary or part-time workers.

Appropriations for NIST are up about 6 percent this year, but because of required salary increases
this gain once again essentially translates into a flat budget, and the panel is concerned that it could
cause a possible loss of staff. At this point MSEL has the particular expertise that could contribute to the
established NIST SFAs such as Homeland Security (nondestructive evaluation of infrastructure), Health
Care (tissue engineering), and Nanotechnology. However, because of the steady decline in the number
of MSEL staff the laboratory may be unable to step up to these challenges and opportunities. The panel
is encouraged to see that the trend toward loss of technical staff is diminishing as a result of the effective
control of overhead costs.

The laboratory management must remain particularly vigilant in maintaining the expertise and
equipment necessary to respond to important opportunities that can contribute to national goals. The
panel strongly encourages a systematic approach to the write-off of obsolete equipment and the devel-
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TABLE 6.1 Sources of Funding for the Materials Science and Engineering Laboratory (in millions of
dollars), FY 2000 to FY 2003

Fiscal Year  Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 30.1 31.3 35.6 38.5
Competence 0.1 0.4 1.3 1.1
ATP 2.7 2.6 2.7 2.4
Measurement Services (SRM production) 0.7 1.0 1.3 1.1
OA/NFG/CRADA 3.9 2.8 3.5 4.5
Other Reimbursable 0.6 0.7 0.8 0.8
Total? 38.1 38.7 45.2 48.4
Full-time permanent staff (total)b’c 178 163 162 169

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. Compe-
tence funding also comes from congressional appropriations but is allocated by the NIST director’s office in multiyear grants
for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technology
Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or in
support of ATP projects. Funding to support production of Standard Reference Materials (SRMs) is tied to the use of such
products and is classified as “Measurement Services.” NIST laboratories also receive funding through grants or contracts from
other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry in the form of cooperative
research and development agreements (CRADAs). All other laboratory funding, including that for Calibration Services, is
grouped under “Other Reimbursable.”

aThe funding for the NIST Center for Neutron Research (NCNR) is excluded from these totals. Information about the
center’s funding is available in the section of this chapter titled “Review of the NIST Center for Neutron Research,” which
contains the panel review of that facility.

bPNCNR personnel are excluded from these totals. Information about the center’s personnel is available in the section titled
“Review of the NIST Center for Neutron Research” in Chapter 13.

¢The number of full-time permanent staff is as of January of that fiscal year.

opment of innovative methods for the maintenance, acquisition, and use of capital equipment. An
example may be that of soliciting and accepting state-of-the-art characterization tools from the manufac-
turers of such equipment. While NIST cannot endorse such equipment, the presence in NIST publica-
tions of footnotes describing the equipment used for experimentation may be an incentive for companies
to donate or significantly reduce the cost of equipment.

Many important MSEL staff members are approaching retirement eligibility; before these individu-
als leave, it is crucial to have mentoring and training of new staff in the skills of retiring staff. Junior
staff at the laboratory report that the presence of a strong cohort of colleagues is a major reason that they
have chosen to work at NIST. If the number of senior personnel continues to decrease, this sense of
being surrounded by the best colleagues will diminish, and the laboratory may find it difficult to attract
and retain researchers with the skills needed to address important emerging areas of science relevant to
NIST’s overall priorities. As in last year’s report, the panel strongly recommends that management
strategy set a priority on ensuring a viable transfer of expertise in its key areas.

MSEL has some very good examples of leveraging its human resources through collaborations. Its
programs in biomaterials, health care, and homeland security are particularly good examples. These
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programs involve collaborations with other laboratories at NIST and with external researchers at other
government agencies and in industry. The programs consequently have the potential for far greater
accomplishment and impact than if MSEL had attempted to enter the areas on its own. The panel
encourages MSEL to continue to use collaborations judiciously to extend the impact of its programs,
and it urges MSEL to look for additional areas in which its resources might be so leveraged.

MSEL has a unique management challenge because a portion of its staff resides in Boulder, Colo-
rado. The laboratory has improved coordination between these sites by imposing few budgetary barriers
to team-building travel between the two sites. Not only has this approach improved collaboration
between the Boulder and Gaithersburg staff, but it also allows the laboratory to make much better use of
the skills resident in Boulder. Some concerns remain within the Boulder community about visibility and
recognition by the Gaithersburg management team, and these concerns warrant attention, although the
recent visit by the NIST laboratory director was very well received. The management team is also
encouraged to find ways to increase the bench scientists’ sense of personal responsibility and ownership
of the laboratory activities and to encourage them to suggest solutions to organizational as well as
technical problems.

The panel applauds the decision to hold the 2003 MSEL review meeting in Boulder. This gave the
full panel an opportunity to see the researchers and facilities in the Materials Reliability Division. The
staff of this division is anxious about the future, with the announced pending retirement of the division
chief. The panel noted that the apparent NIST policy or tradition that prevents naming a successor
before a position is vacant prevents real succession planning and leads to lapses of management conti-
nuity and excessive anxiety in the technical staff.

This year has seen efforts to establish closer collaborations between MSEL and EEEL at Boulder.
The Materials Reliability Division has established linkages to the Optoelectronics, Radio-Frequency
Technology, and Magnetic Technology Divisions of EEEL, which in turn is establishing coordinated
efforts with the Ceramics and the Metallurgy Divisions in Gaithersburg. These collaborations have
established broad-based units of expertise that will be well poised for the development of new initiatives
within the NIST mission.

Facilities for the Boulder researchers have improved somewhat but are still problematic and below
standards for laboratory space of this sort. The panel is pleased to hear that some funding has finally
been appropriated to improve the Boulder buildings and hopes that these or other funds will allow for
repairs to prevent the roof leakages that have plagued one of the buildings for a long period of time.

Laboratory Responsiveness

The panel found excellent MSEL responsiveness to its previous report.? In fact, last year the panel’s
report also mentioned the excellent responsiveness of laboratory managers to the panel’s recommenda-
tions and suggestions. For example, senior managers have held sessions concerning nanotechnology and
homeland security to identify methods for support of the NIST SFAs in these areas, offsite meetings
have been held between technical management and selected staff members to improve communication
with respect to the laboratory’s priorities, and in almost all cases where specific program focus and
direction had been questioned by the panel, the laboratory reexamined its programs and either adjusted

2National Research Council, An Assessment of the National Institute of Standards and Technology Measurement and
Standards Laboratories: Fiscal Year 2002, National Academy Press, Washington, D.C., 2002.
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the focus or terminated the program. The laboratory has also taken a proactive approach to safety in its
laboratory facilities, as evidenced by the installation of new safety equipment and the establishment of
a staff performance plan to encourage routine safety practices. The panel applauds the laboratory on this
responsiveness. Continued attention is needed to more general concerns, such as the potential for
subcritical staffing of important programs and the maintenance of key areas of investigation to secure
the laboratory’s role in the strategic mission of NIST.

Similarly, reviewers found the divisions to be very responsive to their previous reports. Responsive-
ness is discussed in the division reports in Chapter 13, but a few examples are as follows:

» The Polymers Division has phased out some programs in order to focus on emerging technolo-
gies.

» The Materials Reliability Division has consolidated programs around core competencies and
formed centers of excellence.

» The Ceramics Division has made recommended strategic hires in nanotribology.

» The Metallurgy Division has improved its nanomagnetodynamics program.

The laboratory is encouraged to take a greater role in assessing future industry and national needs and in
identifying the fundamental scientific questions underlying such needs.
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PANEL MEMBERS

Robert A. Altenkirch, New Jersey Institute of Technology, Chair
Ross B. Corotis, University of Colorado at Boulder, Vice Chair
Craig L. Beyler, Hughes Associates, Inc.

Donald B. Bivens, DuPont Fluorochemicals

Randy R. Bruegman, Clackamas County Fire District #1, Oregon
Tsu-Wei Chou, University of Delaware

Joseph P. Colaco, CBM Engineers, Inc.

Martin Fischer, Stanford University

Kristin H. Heinemeier, Brooks Energy and Sustainability Laboratory
Robert J. Hitchcock, Lawrence Berkeley National Laboratory
Susan D. Landry, Albemarle Corporation

John Mitchell, University of Wisconsin

Adel F. Sarofim, University of Utah

Jim W. Sealy, Architect/Building Code Consultant, Dallas, Texas
William K. Secre, Master Builders, Inc.

Frieder Seible, University of California, San Diego

E. Sarah Slaughter, MOCA Systems

Elaine M. Yorkgitis, Automotive Division/3M

Submitted for the panel by its Chair, Robert A. Altenkirch, and its Vice Chair, Ross B. Corotis, this
assessment of the fiscal year 2003 activities of the Building and Fire Research Laboratory is based on
site visits by individual panel members, a formal meeting of the panel on February 27-28, 2003, in
Gaithersburg, Maryland, and materials provided by the laboratory.
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LABORATORY-LEVEL REVIEW

The mission of the Building and Fire Research Laboratory (BFRL) is to meet the measurement and
standards needs of the building and fire safety communities. The BFRL is organized in four divisions:
the Materials and Construction Research Division, Building Environment Division, Fire Research Divi-
sion, and Office of Applied Economics (see Figure 7.1). The first three divisions are responsible for
BFRL’s main technical thrusts: advanced construction technology, high-performance construction ma-
terials, enhanced building performance, and fire loss reduction. Technical work is also under way in the
Office of Applied Economics (OAE). In addition, BFRL performs activities in the area of codes and
standards. This chapter provides an assessment of the laboratory overall, and the units and activities are
discussed in detail in the division reviews in Chapter 14.

Building and Fire Research Laboratory

Materials and Construction Bl_li!d.ing Environment Fire Research Division

Research Division Division ® Fire Fighting Technology

e Construction Metrology and ® Mechanical Systems and ® Fire Metrology
Automation Controls ® Analysis and Prediction

® Structures ¢ Computer-Integrated ® Integrated Performance

® Inorganic Materials Building Processes Assessment

® Polymeric Materials ® Indoor Air Quality and ® Materials and Products

Ventilation

® Thermal Machinery
® Heat Transfer and
Alternative Energy Systems

Office of Applied Economics

FIGURE 7.1 Organizational structure of the Building and Fire Research Laboratory. Listed under each division
are its groups.
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Major Observations

The panel presents the following major observations from its assessment of the Building and Fire
Research Laboratory:

» The panel continues to be impressed by the high quality of scientific and technical work produced
in the Building and Fire Research Laboratory. Commendable efforts are made to reach out to a broad
variety of laboratory customers, ranging from large construction companies to local firefighting units,
from code makers to academic researchers, and from standards committees to the public. BFRL staff
take advantage of the special tools and expertise that exist in the laboratory to provide their customers
with unbiased, technically excellent work focused on the measurement and testing needed to improve
the quality of materials and technologies.

» Opverall, staff morale at BFRL is good. Staff show excitement at and derive satisfaction from the
opportunity to devote their talents to the challenges and opportunities associated with homeland security
issues, which are many and require careful planning to achieve the effective balance of longer-term
basic research and timely applications of results.

» The reorganizations in late 2000 and in 2002 within BFRL are proceeding well. Peaceful coexist-
ence has been readily achieved, and the time is ripe for seeking and taking advantage of opportunities for
synergy.

* Combining two formerly separate divisions into the Materials and Construction Research Divi-
sion has produced an opportunity for beneficial synergistic effects; increased interactions across the
groups could lead to significant future successes.

» The National Construction Safety Team Act presents a tremendous opportunity for BFRL. The
laboratory still has to define a strategy for deploying resources to an investigation and, once completed,
for disseminating the results. In addition, findings may have an impact on future research and codes and
standards application; a plan needs to be developed to ensure that the results of the investigation are
applied appropriately in industry.

e The laboratory has taken early steps toward the development of a strategic plan and of perfor-
mance metrics. Next steps should include the specification of time lines, milestones, and interdependen-
cies.

» BFRL'’s existing expertise and programs have placed it in an excellent position to make many
positive contributions to the nation’s homeland security efforts. The panel is very supportive of BFRL’s
ongoing and planned activities but cautions that it is vital for the laboratory to maintain a balance
between short-term investigative work and long-term programs aimed at developing research and appli-
cations that are broadly relevant. The laboratory must take care to preserve its strong relationships with
existing customers, in part by demonstrating how the homeland security work will help the laboratory
continue to meet those customers’ needs. Also, the laboratory will face new and complex challenges in
the personnel and project management areas associated with a large, multiorganization project, and new
skills and people will be needed for this task. Specifically, there has to be a clear definition of the
involvement of all relevant groups in the World Trade Center (WTC) investigation. The WTC investi-
gation plan has been fleshed out to address specific objectives encompassing multiorganizational
projects. However, organizational and work-related plans need to be defined by a detailed work break-
down structure, milestones, and schedules, so that the project can be effectively managed and so that its
status can be clearly communicated. Such a large effort merits a dedicated and skilled project manage-
ment staff. Plans should include strategies for taking advantage of any opportunities presented to expand
the laboratory’s expertise and relevance.
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» Structural fire testing is both an important element of homeland security work and an appropriate
long-term programmatic growth area for BFRL and its customers. The laboratory should encourage
pursuit of the construction of a state-of-the-art facility for the fire testing of structures under load as part
of the homeland security effort and should make a commitment to sustaining a structural fire research
program over the long term. This is an area in which BFRL is uniquely positioned to do high-quality,
high-impact work.

» For BFRL to have an impact on the construction industry (and ultimately the public), the
laboratory’s technical knowledge and results must be utilized in codes and standards and adopted as the
industry’s normal practices. High-quality and important test and standards work is already occurring in
BFRL, but coordination across projects at the laboratory level is needed; this coordination should
include monitoring the allocation of staff expertise and time to accomplish the development, adoption,
and use of regulations.

» BFRL staff remain conflicted and confused about issues pertaining to intellectual property proce-
dures and policies at NIST. Management should communicate its philosophy about when patents and
copyrights should be pursued, the personal and laboratory costs and benefits associated with such
pursuits, the level of support that management is willing to provide for such efforts, and clear procedures
for their pursuit.

Technical Merit

The panel continues to be impressed by the high quality of scientific and technical work produced in
BFRL. Many projects exemplify the ways in which laboratory staff use the expertise, instrumentation,
and simulation and modeling tools that are often unique to BFRL to take advantage of NIST’s singular
role as an unbiased voice focused on measurement and testing to improve the quality of building
technologies and materials. Examples of projects with high technical quality and merit are listed below.

o Within the Materials and Construction Research Division:

—The Inorganic Materials and the Polymeric Materials Groups develop test methods and predic-
tive tools for next-generation construction materials such as high-performance concrete, coatings, and
sealants. Each works over size scales from the nanometer level to the macroscopic level and seeks out,
develops, and uses state-of-the-art analytical and measurement tools. The Inorganic Materials Group is
sophisticated in its use of modeling, databases, and other computer-based tools. The Polymeric Materi-
als Group is highly proactive in developing laboratory automation and accelerated durability testing.

—The strength of the materials groups is their work in establishing the fundamental bases of the
durability of building materials. Staff have expertise in the broad range of disciplines that constitute
materials science and engineering: chemistry, physics, engineering, environmental health and safety,
and economics. The umbrella project of the Inorganic Materials Group, referred to as the HYPERCON
program, recently completed the second year of a 3-year consortium aimed at developing and validating
its Virtual Cement and Concrete Testing Laboratory (VCCTL). The program continues to make strides
in measuring, understanding, and predicting the performance of high-performance concrete.

—The division is providing significant technical contributions to the laboratory’s homeland
security work, including efforts in the investigation of the World Trade Center’s Twin Towers collapse,
structural fire protection, and building vulnerability reduction.

o Within the Building Environment Division:

—The Indoor Air Quality and Ventilation Group has conducted significant basic research on air

and contaminant flow in conventional and hybrid ventilation systems and has disseminated this informa-
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tion to the technical community. Members of the group have been leaders in the development of
standards and design tools for ventilation and indoor air quality. They are applying their skills to the
evaluation of the effect that control strategies have on energy use and indoor air quality in both residen-
tial and commercial buildings.

—The Heat Transfer and Alternative Energy Systems Group is conducting an alternative-energy
project with the goal of developing measurement techniques, testing methods, rating methodologies,
and simulation methods for photovoltaic systems. This is a solid program that is providing important
baseline data on photovoltaic systems.

o Within the Fire Research Division:

—A core of the division’s modeling efforts is the development, application, and distribution of
the Fire Dynamics Simulator (FDS). The FDS software incorporates advanced turbulence models (large
eddy simulation), gas radiation, and scientific visualization in an efficient computational scheme that is
able to run on desktop computers. The capabilities of the model have been enhanced in the recently
released Version 3.0 of FDS by the incorporation of absorption and scattering by droplet sprays,
multigrid capability, a mixture fraction combustion model, and gas radiation. Work is continuing on
further refinements of the model, to include parallelization, soot radiation, improved subgrid turbulence
models, and improved heat and mass transfer at surface boundaries.

—The Materials and Products Group has performed high-quality and very relevant work on the
flammability of residential mattresses. The group has worked with the mattress industry over the past 4
years to develop a flammability test method that reflects real-world bed-fire behavior.

o Within the Office of Applied Economics:

—OAE’s activities identify relevant theoretical advances in applied economics and develop the
means to apply them to the design and construction industry. OAE is recognized as a world leader in the
application of these theories to the built environment.

—OAE is particularly strong in the area of enhanced building performance and the development
of tools to aid in decision making for the building and fire safety communities. OAE’s software-based
systems have been established as the standard in such areas as life-cycle costing and energy efficiency.
OAE has established the cost/time trade-offs for a number of building and fire systems, including
systems to support building for environmental and economic sustainability, bridge life-cycle costing,
fire safety gear selection, and a decision support system for the Department of Housing and Urban
Development’s program for advanced technology for housing.

Organizational Changes

Organizationally, BFRL is evolving through a series of changes. In late 2000, the Fire Research
Division was formed from the combination of two divisions. The panel is pleased to report this year that
the transition continues to be going very well. Increased collaboration and good communications within
the division were observed. The division is embracing stakeholder perspectives, broadening its out-
reach, clarifying its goals and objectives, and stabilizing its financial situation.

Last year, BFRL also merged two divisions, Structures and Building Materials, into the Materials
and Construction Research Division. These divisions focus on somewhat different areas, but combining
their expertise will give the laboratory an opportunity to lay the groundwork for a future in which
materials are engineered to meet specific long-term structural performance requirements. The panel has
observed that these different cultures are coexisting peacefully but separately, and it continues to urge a
focus on areas of potential synergy.
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Program Relevance and Effectiveness

As mentioned above, laboratory staff have had increasing success building relationships with their
customers in a wide variety of industries and communities. The examples below illustrate activities that
are relevant and effectively planned and/or performed:

o Within the Materials and Construction Research Division:

—Both the Inorganic Materials and the Polymeric Materials Groups are well connected in indus-
try and relatively well connected in academia. Both groups provide technical support for improving
standards and criteria for evaluation, selection, and use of their respective materials and, additionally,
support the needs of various federal agencies in addressing the construction and infrastructure needs of
the nation.

—The HYPERCON program of the Inorganic Materials Group continues to effectively support
and generate interest in the construction community, as represented by materials suppliers to that
industry. Over the past year, VCCTL has been accessed via the Internet by about 9,000 users per month,
from more than 80 countries. It is clearly seen as a valuable resource in the computational and experi-
mental materials science of concrete and its constituents.

—As the VCCTL consortium completes the last of its 3 years, the panel is very interested in
seeing the development of a plan to take the tools of VCCTL not only to the 4,000 ready-mix concrete
producers of the United States as well as those of other nations, but also to construction companies and
concrete contractors, building designers including engineers and architects, and prospective owners of
concrete-intensive structures. While VCCTL has been designed to be used as one large modeling
package, some individual components of VCCTL may prove to be of greater use than others to certain
entities, and they should be packaged in such a way that their effective stand-alone use is possible. The
plan that the panel recommends should additionally provide a clear means for application of VCCTL
and its components to code and standards development.

—With its strong consortium support, the Polymeric Materials Group has both firm financial
backing and a rich supply of industrial input on what is of most relevance to manufacturers of coatings,
sealants, and other polymeric building materials.

—The division’s work relevant to homeland security activities includes efforts in support of the
investigation of the World Trade Center’s Twin Towers collapse.

o Within the Building Environment Division:

—The research projects of the Indoor Air Quality and Ventilation Group represent an important
component of the effort in the area of healthy and sustainable buildings. The current projects are a
natural outgrowth of the need to understand the role of airflow in buildings on energy use and on
occupant health and comfort. The projects continue to evolve to meet changing national priorities. The
group is recognized nationally for its expertise and is working with other government agencies on
problems of national interest. One of the key areas is that of airflow and pollutant model development.
The group has developed a number of analytical methods that are widely used in the research, develop-
ment, and design communities.

—The Heat Transfer and Alternative Energy Systems Group is conducting an alternative energy
project with the goal of developing measurement techniques, rating methodologies, and simulation
methods for stationary fuel cells. The proposed testing methodology describes in detail the tests that will
be performed and how the basic characteristics will be determined. This appears to be a solid plan that
will yield results that will become increasingly important as the fuel cell industry develops.

—The Mechanical Systems and Controls Group has led the buildings industry in the develop-
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ment of the Building Automation and Control Network (BACnet®) protocol, which enables the use of
and communication between different types of control systems in commercial buildings. A second
important building-related project of the group is that on automated commissioning and fault detection
and diagnostics (FDD) of heating, ventilation, and air-conditioning (HVAC) equipment.

o Within the Fire Research Division:

—Experimental and theoretical tools are being applied to the goals of reducing fire loss and
improving firefighter protection. Progress is being made on the search for improved fire-resistant
materials.

—The Fire Dynamics Simulator has been widely used for fire reconstruction, for providing
educational tools for firefighters and the public, and for guiding the research program through the design
of experiments.

—The Fire Research Division (FRD) has a significant role in NIST’s World Trade Center follow-
up and homeland security work. The staff is energized by the challenges and opportunities posed by
these efforts, and they need to continue to position the laboratory to ensure their future role in this area.
The division, and in particular its Fire Fighting Technology Group, have done an excellent job at
outreach in providing firefighter support.

—One area in which FRD is currently participating, but on which it should focus more, is the area
of codes and standards. This could be facilitated either by forming a subgroup that has more staff or by
creating a division that concentrates on codes and standards. This group could provide the staff support
for the large number of FRD personnel who now serve and often chair standards committees.

—One specific problem that FRD appears to have concerns the National Environmental Policy
Act (NEPA). In order for FRD to gather data with a planned fire test, NIST must go through a formal
process of obtaining permits. This process is expensive and time-consuming. This NEPA permitting
process appears to be a hindrance to the FRD’s gathering of data by means of this avenue of fieldwork.

o Within the Office of Applied Economics:

—The projects in OAE focus specifically on meeting the requirements of the building and fire
safety community, particularly through the assessment of the adequacy of economic resources to ac-
complish this community’s objectives within a set of available choices. Many of the projects within
OAE are funded from external sources and respond directly to the needs of the community, thereby
ensuring direct relevance to the community.

—OAE is active in all of the BFRL mission goals and in the overall NIST strategic objectives. It
is particularly strong in the area of enhanced building performance. In addition, OAE develops critical
tools to aid in decision making for the building and fire safety communities. Its collaboration with the
other BFRL divisions (Materials and Construction Research, Building Environment, and Fire Research)
further leverages the expertise and impact of the BFRL as a whole.

—OAE’s recent contributions of Web-enabled decision support tools allow an expanding popu-
lation of users throughout the United States and internationally to understand and utilize economic
methods to assess different technological alternatives. OAE currently provides Internet access to most
of its software programs.

o Within activities related to BFRL’s standards and codes work:

—The audience for BFRL’s work in standards and codes includes the manufacturers of relevant
products and regulators in the United States and in other countries. However, for BFRL’s work to
influence standards and codes, staff must take into account regulators’ need for timely information.

—BFRL has a key role in the follow-up after major building failures and fires. This role includes
supporting the analysis of methods of exiting buildings and facilities in real or perceived emergencies.
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Laboratory Resources

Funding sources for the Building and Fire Research Laboratory are shown in Table 7.1.

The panel’s concerns about funding, highlighted in the 2002 report, are somewhat lessened this
year. However, the panel is concerned about staffing and hiring (there is a need, emphasized by BFRL
staff during skip-level interviews (sessions in which management does not participate), for a greater
number of technicians, and questions remain about how best to staff the homeland security activities). In
addition, the panel observed space restrictions that may potentially inhibit the technical quality of work,
and there is a need for a clear capital investment plan.

As a result of congressionally allocated funding related to homeland security, BFRL has begun to
receive significant funding, expected to continue in the near term. The panel remains pleased to see that
BFRL has the support of NIST management and Department of Commerce management as it goes
through the budget process and prepares to begin its homeland security-related program. While initial
steps have been good and appropriate, the laboratory must be cautious going forward to make careful
decisions about such reprogramming—about whether a temporary or a permanent shift in focus is
occurring—and to clearly communicate the rationale and final outcome to staff. This is one element of
the broader question of how BFRL will determine and maintain a balance between new homeland

TABLE 7.1 Sources of Funding for the Building and Fire Research Laboratory (in millions of
dollars), FY 2000 to FY 2003

Fiscal Year Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 16.6 18.8 26.6 27.5
Competence 0.2 0.2 0.0 0.0
STRS, nonbase 1.5 1.9 — —
ATP 0.7 1.1 1.4 1.2
MEP 0.1 0.0 0.0 0.0
OA/NFG/CRADA 11.2 9.1 11.7 14.4
Other Reimbursable 0.2 0.1 0.3 0.2
STRSWTC R&D — — — —
WTC Investigation — — — —
Total 30.5 31.2 40.0 43.3
Full-time permanent staff (total)4 157 150 156 155

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. Compe-
tence funding also comes from NIST’s congressional appropriations but is allocated by the NIST director’s office in multiyear
grants for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technol-
ogy Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or
in support of ATP projects. Manufacturing Extension Partnership (MEP) funding reflects support from NIST’s MEP for work
related to NIST’s support of the MEP centers throughout the United States. NIST laboratories also receive funding through
grants or contracts from other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry
in the form of cooperative research and development agreements (CRADAsS).
aThe number of full-time permanent staff is as of January of that fiscal year.
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security work and existing projects, including contracts with other government agencies. The panel
continues to note that the refinement of a strategic plan may help define criteria that BFRL can apply to
maintaining a proper balance of work. A strategic plan will need a core commitment of internal funds or
stable external funds to support a long-term vision.

In January 2003, staffing for the BFRL included 155 full-time permanent positions, of which 132
were for technical professionals. There were also 38 nonpermanent or supplemental personnel, such as
postdoctoral research associates and temporary or part-time workers. An understanding of the expecta-
tions for long-term staffing levels should allow the laboratory to focus on replacement of talent and on
smooth programmatic transitions when staff retire or depart. The massive, planned homeland security
effort should result in a large number of new people coming, probably temporarily, to work at NIST, and
this may be an opportunity for BFRL to consider what type of new personnel it wishes to recruit when
permanent slots open up and to see many potential candidates in action.

Another potential opportunity in the homeland security effort is the development of a large-scale,
state-of-the-art, structural fire test facility. The laboratory’s plans for homeland security activities do
include work on the fire testing of structures under load, but the panel believes that the plan for this
activity can be significantly expanded. Owing to the laboratory’s strong expertise in both structural and
fire research and to its existing Large Fire Research Facility, BFRL is in a unique position to build a
robust, long-term program in this area and to utilize this kind of facility effectively. Homeland security
funding could be used to initiate work on a state-of-the-art facility, but the laboratory must make a
commitment to sustaining the facility and the program over the long term. In order to secure the funding
for such a facility and to lay the groundwork for a vigorous and effective program in this area, the panel
recommends that BFRL define its vision of what a state-of-the-art facility for large-scale structural fire
testing should be and what the test objectives should be, and that it pursue a development, implementa-
tion, and maintenance strategy to secure funding and build and maintain the program.

Laboratory Responsiveness

The panel found the laboratory to be open and responsive to recommendations made in past assess-
ment reports.
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PANEL MEMBERS

Albert M. Erisman, Institute for Business, Technology, and Ethics, Chair
C. William Gear, NEC Research Institute, Inc. (retired), Vice Chair
Michael Angelo, Hewlett-Packard Corporation

Robert Blakley, Tivoli Systems

John Boot, Motorola Corporation

Linda Branagan, Secondlook Consulting

Jack Brassil, Hewlett-Packard Laboratories

James A. Calvin, Texas A&M University

Susan T. Dumais, Microsoft Research

John R. Gilbert, Xerox Palo Alto Research Center

Cyndi Jung, Motorola Corporation

Sallie Keller-McNulty, Los Alamos National Laboratory

Stephen T. Kent, BBN Technologies

Isaac S. Kohane, Children’s Hospital, Boston

Lawrence O’Gorman, Avaya Labs

David R. Oran, Cisco Systems

Jeffrey D. Ullman, Stanford University

Stephen A. Vavasis, Cornell University

Samaradasa Weerahandi, TDS Research, AOL/Time Warner

Mary Ellen Zurko, IBM Software Group

Submitted for the panel by its Chair, Albert M. Erisman, and its Vice Chair, C. William Gear, this
assessment of the fiscal year 2003 activities of the Information Technology Laboratory is based on visits
by members of the panel to the ITL divisions, a site visit by the panel on March 24-25, 2003, in
Gaithersburg, Maryland, and documents provided by the laboratory.!

lus. Department of Commerce, Technology Administration, National Institute of Standards and Technology, Information
Technology Laboratory Technical Accomplishments 2002, NISTSP 6909, National Institute of Standards and Technology,
Gaithersburg, Md., November 2002; U.S. Department of Commerce, Technology Administration, National Institute of Stan-
dards and Technology, Report to the ITL Assessment Panel, National Institute of Standards and Technology, Gaithersburg,
Md., March 2003; U.S. Department of Commerce, Technology Administration, National Institute of Standards and Technol-
ogy, Information Technology Laboratory Publications 2002, National Institute of Standards and Technology, Gaithersburg,
Md., March 2003.
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LABORATORY-LEVEL REVIEW

The mission of the Information Technology Laboratory (ITL) is to develop and promote measure-
ment, standards, and technology for information technology (IT) to enhance productivity, facilitate
trade, and improve the quality of life. To carry out this mission, the laboratory is organized in seven
divisions (see Figure 8.1): Mathematical and Computational Sciences, Advanced Networking Tech-
nologies, Computer Security, Information Access, Convergent Information Systems, Software Diagnos-
tics and Conformance Testing, and Statistical Engineering. This chapter presents an assessment of the
laboratory overall, discussing some highlights and overarching issues. A selection of the activities of
these units is commented on at length in the division reviews in Chapter 15.

Information Technology Laboratory

Mathematical and Advanced Network Computer Security Division
Computational Sciences Technologies Division ® Security Technology
Division ® High Speed Networking ® Security Management and
® Mathematical Modeling Technologies Guidance
® Mathematical Software ® Wireless Communications ® Systems and Network
® Optimization and Technologies Security
Computational Geometry ® Internetwork ® Security Testing and
® Scientific Applications and Technologies Metrics
Visualization
Information Access Division Convergent Information
® Speech Systems Division
® Retrieval ® Distributed Systems
® Image Technologies

® Visualization and Usability ® Information Storage and

Integrated Systems

Software Diagnostics and Statistical Engineering
Conformance Testing Division
Division ® Measurement Process
® Software Quality Evaluation
® Interoperability e Statistical Modeling and
® Standards and Conformance Analysis

Testing ® Boulder Statistics

FIGURE 8.1 Organizational structure of the Information Technology Laboratory. Listed under each division are
its groups.
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Major Observations

The panel presents the following major observations from its assessment of the Information Tech-
nology Laboratory:

e The overall technical quality and the merit, relevance, and effectiveness of the Information
Technology Laboratory’s programs and staff remain strong. Examples of high-quality, meritorious,
relevant, and effective projects are many and exist in all divisions.

e There is ample evidence of outstanding work in leveraging technology ideas across customer
areas for industry, academia, government, and within NIST.

« Collaboration across ITL divisions and between ITL and other NIST laboratories is increasing,
and projects increasingly are demanding multidisciplinary team approaches. In the current flat or declin-
ing funding environment, such projects (e.g., in pervasive computing) demand especially careful man-
agement.

e Progress has been made in terminating good but less important projects. This skill needs to
become even more widespread as demands for work expand without commensurate expansion of
resources.

» It is important that ITL staff take into account not only the scientific and technical aspects of
projects but also their psychosocial context, so that the laboratory avoids the mistake of endorsing
products that cause psychosocial problems (e.g., lack of integrity leading to users’ mistrust). A particu-
larly important new project that raises this concern involves electronic voting.

 The transfer of IT support functions to the Office of the Chief Information Officer (CIO), which
is separate from ITL, holds promise for garnering NIST-wide recognition of the importance of standard-
ized, reliable IT service. Both the CIO office and the ITL should maintain effective, cooperative
communication and activity to ensure the application of IT technology and practice appropriate to NIST.

o ITL has worked hard and effectively to develop metrics for its performance. ITL should work
with customers—and the panel should assist—to further develop means of assessing the effectiveness of
ITL projects and products.

e The panel commends ITL for its careful work with consortia, properly participating in the
standards activity while avoiding the endorsement of vendor-specific products. The panel urges ITL to
continue its efforts to refine and implement its policy to help divisions decide when participation in
closed consortia is appropriate and to consider how NIST can encourage industry to utilize open, or at
least inclusive, approaches to standards development.

» Skip-level meetings with the panel and employee surveys confirm that morale within ITL is high:
ITL members enjoy their work, take pride in its quality and effectiveness, and appreciate the atmosphere
of mutual respect. They expressed some confusion about the plans to fill the director’s position; about
the import of Office of Management and Budget Circular A-76, which establishes federal policy for the
competition of commercial activities; and about impacts of outsourcing—explanation by management
would allay this confusion.

» The housing of part of the ITL staff at NIST North inhibits, to some extent, the ability of staff to
collaborate (especially junior staff who have not established a collaborative network). It is time for ITL
to apply its knowledge for the benefit of its own staff by providing effective IT workarounds such as
electronic collaboration technologies to ameliorate this problem. Nevertheless, NIST should continue to
work toward more consolidated facilities because of the power of face-to-face activity.
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Technical Merit

The technical merit of the work in ITL remains strong. As part of its onsite reviews, the panel had
the opportunity to visit each of the divisions for a variety of presentations and reviews related to the
projects currently under way. On the basis of its sampling of ITL projects, the panel has been consis-
tently impressed with the technical quality of the work undertaken. Many examples of programs with
especially strong technical merit are highlighted in the division reviews in Chapter 15 and include the
following:

o Within the Mathematical and Computational Sciences Division:

—The work on solidification modeling is a long-running, collaborative effort with the Materials
Science and Engineering Laboratory that has yielded significant advances in modeling capability.

—The Digital Library of Mathematical Functions project is ambitious, excellently performed,
and important.

o Within the Advanced Networking Technologies Division:

—The Internet Telephony project has continued its considerable progress, with a focus on call
signaling protocols; this project remains a model for industrial collaboration and balances the mainte-
nance of existing software tools with the need to advance the division’s research agenda.

—The first-responders project is a promising and ambitious exploratory project that is well
matched with the division’s research competencies.

o Within the Computer Security Division:

—The Cryptographic Module Validation program is an important and well-conducted effort that
continues to uncover and correct a large number of flaws in algorithm implementation and documenta-
tion, providing a common definition of “assurance” for users of those modules.

—The system administration guidance for the Windows 2000 Professional project can have an
impact on Microsoft’s own secure configuration development efforts; can establish a configuration with
known security properties for use by system administrators, application developers, and auditors; and
represents exemplary cooperation with industry (Microsoft).

o Within the Information Access Division:

—The efforts in support of the Text Retrieval Conference (TREC) continue to represent leader-
ship and coordination of research, with a focus on key common and relevant problems in the field of
information retrieval.

—Work in the area of evaluation methodologies and standards to support usability and accessi-
bility is in good alignment with the division’s strengths and represents good progress in this high-impact
area.

o Within the Software Diagnostics and Conformance Testing Division:

—Due to its outstanding track record in working successfully with industry and providing tech-
nical leadership and unbiased feedback, the Standards and Conformance Testing Group has expanded
its conformance testing beyond extensible markup language (XML) to include related technologies.

—Work in the area of health care information systems is well conceived, promising, and impor-
tant.

o Within the Statistical Engineering Division:

—The division continues to be the leading presence in the area of key statistical comparisons,
developing new and effective methods to help determine the degree of equivalence among measurement
standards of different nations.
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—The division provides important statistical support to the scientific research conducted across
all NIST laboratories, which ranges from short-term activities to extensive collaborations requiring the
generation of new statistical methodology.

o Within the Convergent Information Systems Division:

—The work on digital preservation (content storage) represents effective collaboration with
industry, government, and universities to develop metrology methods, technologies, and standards that
support efforts by the data storage industry and government efforts in digital preservation, a national
issue.

e The quantum communication testbed is an enabler of important first steps in exploring the
viability of cryptographic key distribution as a practical technology for commercial and defense appli-
cations. The testbed is also an enabler of test, calibration, and development efforts in the area of
quantum communication.

e Cross-divisional projects:

—Several cross-divisional efforts are being applied to the field of biometrics. The Information
Access Division is performing good work in the accumulation and testing of large fingerprint and face
test sets for the purpose of evaluating verification and identification rates. With the large databases, its
Image Group is expected to be able to determine statistics and also to evaluate operational issues that
will occur with very high volumes of enrollment and verification (for example, in border and visa
security). There is new and productive cooperation between the Convergent Information Systems Divi-
sion (which has been performing critical work on the development of standards, prototypes, and test
methods and data for multimodal biometrics technologies) and the Information Access Division (which
is expanding its role beyond support of government and law enforcement). Whereas interest and support
came mainly from the FBI in the past, a wider range of government agencies are now supporting and
making reference to NIST recommendations on biometrics.

—Pervasive computing efforts are also being conducted effectively by the Information Access
Division and by the Advanced Networking Technologies Division, which is addressing wireless net-
working and standards and performing analysis of the resource discovery protocols being developed for
ubiquitous computing systems. An example of cross-laboratory interaction is the use of the Smart Space
testbed, part of the pervasive computing infrastructure, for the Single Molecule Manipulation and
Measurement project undertaken by NIST’s Chemical Science and Technology Laboratory and the
Physics Laboratory.

The panel also continues to see progress in the divisions on rational, well-justified decisions about
what projects to start and conclude and when to do so.

The panel urges ITL to vigorously address two important issues that may help to improve the
technical quality and merit of the laboratory’s work:

1. The psychosocial factors related to electronic voting should be analyzed so that potential prob-
lems (e.g., issues pertaining to the verification of votes and related issues such as implications for trust
in automated systems, amplified by private ownership of the voting system and related security con-
cerns) are identified and so that NIST is not perceived as endorsing the use of a possibly problematic
system.

2. The expanded interest in and support of NIST’s biometrics work, as well as the importance of the
timely development of biometrics for homeland security, encourage the development of a clear plan for
integrating the efforts across divisions so that resources are applied effectively and priorities are ad-
dressed, and for tapping relevant divisional expertise. For example, it will be important to expand the
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involvement of the Computer Security Division in this field, and the Statistical Engineering Division
could make substantial contributions with appropriate experimental design and modeling support in
many experimental and simulation contexts.

Program Relevance and Effectiveness

ITL has a very broad range of customers, including scientists and engineers, from industry, academia,
and government and from within NIST, and the panel found that the laboratory serves these groups with
distinction. The high level of outside funding is an indicator of highly relevant work. A related indicator
is the high level of interaction between laboratory staff and their customers. Attendance is generally
good at seminars, workshops, and meetings led and sponsored by the laboratory; staff participation in
standards organizations and consortia is strong; and laboratory staff have robust relationships with
researchers and users from companies, governmental agencies, and universities.

Another visible measure of the quality and relevance of ITL’s work is the number of awards that
laboratory staff receive from NIST, the Department of Commerce, and external sources. Examples of
internal recognition include a Department of Commerce Gold Medal awarded to three staff members
and Bronze Medals awarded to two staff members. Staff members received external recognition from
the Federal Bridge Certification Authority and the Laboratory Consortium for Technology Transfer.
External awards also included the National Committee for Information Technology Standards (NCITS)
Merit and Chairman’s Awards; American Physical Society and American Statistical Association fellow-
ship awards; an International Committee for Information Technology Standards (INCITS) Merit Award;
a Percy S. Julian Award; and an Arthur. S. Fleming Award. These honors, spread across the various
divisions, recognize outstanding technical and program achievement at numerous levels.

ITL’s interactions with and impact on industrial customers continue to be strong, and the panel
applauds the laboratory’s ability to produce and disseminate results of value to a broad audience. ITL
primarily serves two kinds of industrial customers: computer companies (i.e., makers of hardware and
software) and the users of their products (which include companies from all sectors, the government,
and the public). The division reviews in Chapter 15 contain many examples of how ITL makes a
difference to industrial customers. For example:

o NIST’s familiarity with the networking community and its reputation for an unbiased technical
approach are useful in defining the technical matters on which the standards bodies should focus. One
recent impact is the Advanced Networking Technologies Division’s leadership within the Internet
Engineering Task Force (IETF’s) investigations of Domain Name System Security (DNSSec) and
Internet Protocol Security (IPSec), cumulatively leading to the publication of seven IETF requests for
comments.

» The usability reporting work done by the Information Access Division has involved strong
industry participation in defining and using the Common Industry Format (CIF) standards. The certifi-
cation by the American National Standards Institute (ANSI) and the ongoing ISO process mean that
standards will be more widely adopted in the future. NIST’s work contributing to the growing recogni-
tion of usability as a key component of software procurement is important.

» The Software Diagnostics and Conformance Testing Division leads several laboratory-wide
initiatives in health informatics that promise to be of significant consequence to the health care delivery
community.

» The Statistical Engineering Division has been involved in the establishment of baseline data sets
to be used in the assessment and evaluation of the computational accuracy of statistical software. In the
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area of key comparisons, the division is working directly with CIPM, national metrology institutes, and
regional metrology organizations to establish sound statistical principles for the determination of the
basis for global transactions using various measurement standards of different nations.

e The Computer Security Division’s Cryptographic Module Validation program has demonstrated
its effectiveness in improving the security and quality of cryptographic products. About 50 percent of
the cryptographic modules tested had security flaws, and over 95 percent had documentation errors.
About 25 percent of the algorithms submitted for evaluation had security flaws, and over 65 percent had
documentation errors. Detecting these problems enables vendors and implementers to correct their
products before the modules and algorithms are put into production and bought and used by consumers.

» Thousands of scientists use the mathematical resources of the Mathematical and Computational
Sciences Division’s Web site annually. The division’s Digital Library of Mathematical Functions will
be a very relevant tool for use by the scientific and engineering communities.

The federal government relies significantly on ITL’s products and expertise and often uses NIST
standards and evaluation tools to guide its purchase and use of information technology. Salient ex-
amples include these:

* The Computer Security Division’s Cryptographic Module Validation program has enabled pur-
chasers, including the U.S. government, to be sure that the security attributes of the products they buy
are as advertised and appropriate.

» The Information Access Division’s Retrieval Group has a wide range of customers. Government
agencies (most notably the Advanced Research and Development Activity of the intelligence commu-
nity and the Defense Advanced Research Projects Agency) work closely with the Retrieval Group to
evaluate the success of new information access technologies funded by their programs. In addition,
hundreds of participants from government agencies, industry, and academia take part in the annual
TREC program. Participation in TREC continues to increase, and it evolves as new tracks are added and
old ones are phased out to reflect emerging retrieval challenges. The Retrieval Group’s expertise and
experience in developing new evaluation frameworks are highly valued by government agencies and are
critical in evaluating the success of new technologies. TREC’s customers are more diverse, including
industry and academia in addition to government agencies. In addition, the division’s Image Group has
responded rapidly to address requirements of the USA PATRIOT Act of 2001 to design a test program
and compile a large test set of fingerprint and face images.

e The biometrics work done at NIST is contracted to it by government customers and is highly
relevant to homeland security needs. The effectiveness of much of the current work related to homeland
security cannot be measured as yet. However, NIST biometrics contracts demonstrate that the customers
believe the group to produce effective results.

Much of the Information Technology Laboratory’s work supports multiple types of customers (e.g.,
industry and government). For example, the new equipment created by the Convergent Information
Systems Division for image quality analysis, biometrics, and quantum laboratories is critical to the
success of industry and government progress in these areas. Web site statistics also suggest the external
relevance of the Computer Security Division. From January 2002 through February 2003, approxi-
mately 1.3 million Web site requests were handled each month.

In addition to strong relationships with customers in industry and in the federal government, ITL has
traditionally placed significant emphasis on effectively serving its customers within NIST. Collabora-
tive work is highlighted above and is discussed in detail in the division reports in Chapter 15. Beyond
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these collaborative efforts, the Statistical Engineering Division conducts an outreach and education
effort, providing courses on an ongoing basis as well as excellent resources, such as the NIST/
SEMATECH e-Handbook of Statistical Methods, supporting the NIST community and beyond.

Challenges and Opportunities

The examples mentioned above highlight the Information Technology Laboratory’s high level of
relevance and effectiveness, its very good customer connections, and its outstanding work in leveraging
technology ideas across customer areas. Continued success should involve consideration of challenges,
obstacles, and questions to be addressed, such as the following:

* The Information Technology Laboratory has achieved a good strategic focus, which is shared and
understood across staff. The laboratory should be alert to and avoid natural tendencies to rely on
“analyst and favorite customer” relationships when such relationships undermine the strategic focus.

e The laboratory should continue its efforts to align its strategic focus with the overall NIST
strategic plan, especially in areas such as knowledge management and manufacturing optimization. This
effort should be carried out at the strategic level with the engagement of the cognizant laboratory
directors.

» The laboratory engages in projects that are multidisciplinary, both across its divisions and in
interaction with other NIST laboratories. Examples include biometrics, quantum computing, security,
modeling, statistics, and pervasive computing. The laboratory staff and management have expressed a
clear understanding of the multidisciplinary aspects of such work, and this understanding should be
formalized in program management that shows methods and plans for inter- and intralaboratory multi-
disciplinary collaboration.

» Measures of effectiveness can be elusive and, without clearly expressed underlying assumptions,
misleading. Not all measures are appropriate for all activities. The panel commends the efforts by
laboratory staff to develop and try out such measures. The panel also suggests that the laboratory
management and staff consider whether it would be useful, generally or for specific projects, for the
panel to interact directly with customers, who might be able to provide useful feedback pertaining to the
effectiveness of the laboratory. Customers might be able to suggest metrics that can be used to demon-
strate the value of technology dissemination, and customer feedback might constitute pertinent data for
a metric currently used by NIST.

» The laboratory serves many customers. Which customers are most strategically important to the
laboratory, and how should work and dissemination be tailored to the characteristics of specific types of
customers? For example, the Mathematical and Computational Sciences Division is performing high-
quality work in collaboration with the Building and Fire Research Laboratory in the area of modeling
and visualization of concrete hardening; this work supports a fragmented industry that consists largely
of small firms. It is important that such work be performed with cognizance of the mechanisms by which
it will be introduced to and used by the community; the panel would derive benefit in future briefings
from hearing about how plans for the deployment of results are influencing work.

» By what rationale would an appropriate target be defined for the percentage of the laboratory’s
funds that should come from outside sources?

* The panel commends the responsiveness of the ITL management and staff to the panel’s sug-
gested focus on improving the number and quality of publications. The laboratory has certainly done so.
However, the panel recognizes that journal publication, a commonly accepted metric for effectiveness in
scientific disciplines such as physics and chemistry, is likely not the most effective metric for some
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areas of computer science, for which presentation at top-level conferences is a more appropriate metric.
This distinction needs to be widely understood within ITL and NIST to ensure that proper recognition
for researchers is achieved.

The panel also urges the Information Technology Laboratory to vigorously address three important
issues highlighted in the 2002 report:

1. A primary traditional responsibility of ITL has been to provide IT support for all of NIST. The
relevant activities—which include the support and maintenance of campus networking, personal com-
puters, administrative applications (such as accounting software), and telephones—were traditionally
performed by the Information Services and Computing Division of ITL. During the past year, the IT
responsibility was transferred from ITL to a separate unit, Technology Services, headed by a chief
information officer who will report directly to the NIST director. Since a significant challenge for the
ITL involved convincing the NIST laboratories to embrace consistent, institution-wide standards for IT
systems, raising the Technology Services unit to a level equivalent with that of the laboratories was
expected to provide needed visibility for the issue. Achieving acceptance of this new unit and of
centralized IT support across NIST remains a serious challenge; this approach will be a cultural shift for
NIST.

Making the IT services component of NIST a separate unit rather than a division of ITL may
bring it closer to other laboratories; however, it is important that this unit maintain close ties with ITL
programs. For example, some of the work being done in the Computer Security Division can and should
be applied to the security of the NIST system. Work on technologies for meetings can be tested and used
effectively throughout NIST. Applying the development work of ITL’s research divisions to NIST as a
whole will require the continued tracking by the CIO office of relevant, ongoing projects, as well as
recognition in ITL of the potential for using NIST as a whole as a testbed. The Information Technology
Laboratory should maintain interaction with and support the efforts of the now-separate CIO office.

2. Programs such as the work on biometrics, especially face recognition, highlight a question
relevant to many information technology activities: In what context will technological advances be
used? Information technology is often an enabling technology that will produce new capabilities with
expected and unexpected benefits and costs. Although ITL focuses primarily on technical questions and
technical quality, it is important that the laboratory demonstrate recognition of the context in which new
technologies will be applied so that the results of its work will be taken seriously in the relevant
communities. This context has two elements: the deployment of the technology and its social implica-
tions. The deployment questions relate to the functionality of the systems in which new technical
capabilities will be used. A testbed is not necessarily meant to determine the “best” technology but
rather the one that works well enough to meet the needs for which the technology is being developed.
Often, the process of considering the possible applications of a technology results in a broader apprecia-
tion of the potential benefits. For example, appropriate security is actually an enabler that allows e-
business, the globalization of work, and collaboration across geography.

Understanding the goals for new technologies relates to addressing their social implications. For
example, maintaining security has serious implications for privacy. The panel emphasizes that in many
of the ongoing programs—such as the work on the potential use of face-recognition technologies in
security systems in public places—ITL staff have made long and arduous efforts to comply with
existing privacy legislation. However, when describing the capabilities and benefits of technological
advances to public groups (such as the panel), staff should also be sure to take the time to acknowledge
related privacy issues and describe potential social implications. This concern extends to many signifi-
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cant ongoing areas of work at the laboratory, including biometrics (especially face and voice recogni-
tion) and voting technology (with special concerns for system integrity and privacy).

3. In last year’s assessment report,? the panel expressed concerns about industry trends in standards
development that would affect ITL’s ability to effectively and openly help industry adopt the most
appropriate standards for emerging technologies. The growing use of consortia and other private groups
in standards development processes places a burden on ITL, which has to strike a balance between its
obligation to support and encourage open processes and its need to be involved as early as possible in
standards-setting activities so as to maximize the impact of ITL’s experience and tools. In some cases,
a delicate trade-off must be made between participating in a timely way in organizations that will set
standards for the industry and avoiding endorsement of standards set by exclusive groups. I'TL’s role as
a neutral third party and its reputation as an unbiased provider of technical data and tools have produced
a significant impact in many areas and should not be squandered by association with organizations that
unreasonably restrict membership. Though the situation has not changed materially since last year, there
is some indication that consortia are, due to a proactive stance by NIST, addressing participation issues
affecting NIST; the Java Specification Participation Agreement is cited as a model.

The panel continues to urge ITL to refine and implement its policy to help divisions decide when
participation in closed consortia is appropriate and to consider how NIST can encourage industry to
utilize open, or at least inclusive, approaches to standards development. Given that consortia, in some
form or another, are here to stay and that in some cases it will be vital for NIST to participate in them,
the panel supports recent ITL and NIST efforts to work on the internal legal roadblocks to participation,
and it urges continued and expanded efforts to educate external groups, such as consortia members and
lawyers, on ways to facilitate NIST’s timely participation and technical input. This effort requires
customer outreach as well as resolution of legal issues.

Laboratory Resources

Funding sources for the Information Technology Laboratory are shown in Table 8.1. In January
2003, staffing for the laboratory included 247 full-time permanent positions. There were also 96 nonper-
manent or supplemental personnel, such as postdoctoral research associates and temporary or part-time
workers.

The panel notes that the funding for the laboratory has been flat or declining in the face of growth in
requirements, some of which—Iike the unfunded homeland defense mandates—are at a very high level.
This situation, predicted to continue for the near future, demands careful strategic planning and prioritiza-
tion and increases the importance of well-managed collaborative activities and of applying the tests of
relevance and effectiveness to ongoing tasks. The Software Diagnostics and Conformance Testing
Division has demonstrated particular adroitness at identifying and closing tasks that have effectively
completed their usefulness, and this division’s approach might be usefully examined by other divisions.

The panel has observed and laboratory staff have explicitly stated that morale is at an all-time high
in ITL, due in large part to the director’s leadership style and direction. The panel reemphasizes its
recommendation, offered in the FY 2002 assessment report, that NIST leadership focus on communicat-
ing clearly with staff about the selection criteria for new hires and the progress being made in the search
and hiring process. Sharing relevant information will certainly help ensure a smooth transition.

2National Research Council, An Assessment of the National Institute of Standards and Technology Measurement and
Standards Laboratories: Fiscal Year 2002, National Academies Press, Washington, D.C., 2002.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10820.html

itute of Standards and Technology Measurement and Standards Laboratories: Fiscal Year 2003

82 AN ASSESSMENT OF THE NIST MEASUREMENT AND STANDARDS LABORATORIES: FY 2003

TABLE 8.1 Sources of Funding for the Information Technology Laboratory (in millions of dollars),
FY 2000 to FY 2003

Fiscal Year  Fiscal Year  Fiscal Year Fiscal Year

2000 2001 2002 2003
Source of Funding (actual) (actual) (actual) (July 2003 estimate)
NIST-STRS, excluding Competence 31.9 44.4 46.7 42.0
Competence 1.6 1.1 1.7 1.1
STRS—Supercomputing 12.0 11.9 — —
ATP 2.4 2.3 1.9 1.5
Measurement Services (SRM production) 0.0 0.1 0.2 0.2
OA/NFG/CRADA 9.9 12.2 12.2 16.1
Other Reimbursable 1.6 1.0 29.4 0.0
Agency Overhead 16.4 18.4 — —
Total 75.8 91.4 92.1 61.0
Full-time permanent staff (total)? 381 368 4014 247

NOTE: Funding for the NIST Measurement and Standards Laboratories comes from a variety of sources. The laboratories
receive appropriations from Congress, known as Scientific and Technical Research and Services (STRS) funding. Compe-
tence funding also comes from NIST’s congressional appropriations but is allocated by the NIST director’s office in multiyear
grants for projects that advance NIST’s capabilities in new and emerging areas of measurement science. Advanced Technol-
ogy Program (ATP) funding reflects support from NIST’s ATP for work done at the NIST laboratories in collaboration with or
in support of ATP projects. Funding to support production of Standard Reference Materials (SRMs) is tied to the use of such
products and is classified as Measurement Services. NIST laboratories also receive funding through grants or contracts from
other [government] agencies (OA), from nonfederal government (NFG) agencies, and from industry in the form of cooperative
research and development agreements (CRADAs). All other laboratory funding, including that for Calibration Services, is
grouped under “Other Reimbursable.”

aThe number of full-time permanent staff is as of January of that fiscal year, except in FY 2002, when it is as of March (due
to a reorganization of ITL that year). The staff total for 2003 reflects the transfer of 257 full-time permanent staff members to
the CIO organization, as well as staff changes in other divisions.

The existence and use of NIST North is a perennial issue. The panel recognizes that the quality of
the space in NIST North is significantly better than that available on campus; however, access to these
improved facilities does not currently compensate for separating the Mathematical and Computational
Sciences Division and the Statistical Engineering Division from the rest of the campus. The separation
inhibits informal interactions of the staff of these two divisions with their collaborators in the other
laboratories on the main campus; this is particularly problematic for new staff, who are faced with the
special challenge of developing collaborations. Although NIST management is addressing the issue, the
panel continues to note that a mix of systems, taking into account technological and social factors, could
help compensate for the separation. Information technology tools such as videoconferencing, Web
collaboration packages, and Web broadcasting can support nonphysical interactions, although regular,
scheduled, and subsidized opportunities for face-to-face meetings are necessary to make these technical
solutions most effective. These approaches are applicable to the NIST North/main campus gap, as well
as to the Gaithersburg/Boulder divide. The Information Technology Laboratory should be adept at
demonstrating such tools for its own use and that of other laboratories.
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A second facilities issue raised in the FY 2002 assessment report and repeated this year is the
substandard network connectivity of NIST to the outside world; laboratory staff noted the advantages of
Internet 2 connectivity, which should be explored.

The panel met with staff in skip-level meetings (sessions in which management personnel were not
present). These meetings confirmed the impression, also conveyed universally by staff and management
who presented their work to the panel, that morale is very high: staff consider ITL an enjoyable place to
work and appreciate its positive attributes, such as opportunities for career growth and training, respect
for the individual, stability, an appropriate level of flexibility, a focus on visible results, and connection
to a world-class bank of expertise at NIST. The panel applauds laboratory and division management for
creating such a positive work environment. The panel did note a small set of staff uncertainties (specifi-
cally, confusion about intellectual property processes, anxiety about potential staffing impacts of Office
of Management and Budget Circular A-76, concern that outsourcing of infrastructure support may make
it unreliable, and concern that junior staff be mentored effectively to establish connectivity with custom-
ers) and recommends that laboratory management provide clear explanations to alleviate uncertainties.

Laboratory Responsiveness

The panel found that, in general, ITL has been very responsive to prior recommendations and
observations. The panel’s comments appear to be taken very seriously, and the suggestions made in the
assessment reports are often acted on, especially as they relate to the redirection and conclusion of
projects. When advice is not taken, I'TL usually provides a good rationale for why a given action has not
occurred. Examples of positive responses to suggestions made in last year’s report include these:

» The Convergent Information Systems Division addressed funding shortfalls, devoted additional
attention to student interns and guest researchers, expanded involvement with external organizations,
improved the flexibility of its business plan, performed impact studies to describe the impact on industry
or society of several of the division’s projects, and improved the content and usability of its Web site.

e The Mathematical and Computational Sciences Division strengthened its strategic planning,
expressing recognition that the demand for its work is increasing more rapidly than its resources. The
division also tracked the life cycle of programming projects by creating ratings for projects depending
on the maintenance level.
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Part II1
Division-Level Reviews

Part I of this report presents the overall assessment of the NIST Measurement and Standards
Laboratories. Part II provides a laboratory-level assessment of each individual laboratory. This part
presents a technical review at the division level for each laboratory.

Chapter 9
Electronics and Electrical Engineering Laboratory: Division Reviews

Chapter 10
Manufacturing Engineering Laboratory: Division Reviews

Chapter 11
Chemical Science and Technology Laboratory: Division Reviews

Chapter 12
Physics Laboratory: Division Reviews

Chapter 13
Materials Science and Engineering Laboratory: Division Reviews

Chapter 14
Building and Fire Research Laboratory: Division Reviews

Chapter 15
Information Technology Laboratory: Division Reviews
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Electronics and Electrical Engineering Laboratory:
Division Reviews

ELECTRICITY DIVISION

Technical Merit

The Electricity Division’s work encompasses the development and maintenance of national electri-
cal standards. It aims to identify needs related to electrical standards that have the highest economic
impact, require support to industry, and meet the deliverables appropriate to the overall division mis-
sion. Six fields of technology are affected by the work of the division: national electrical standards, low-
frequency systems, electric power, display metrology, electronic data exchange, and semiconductors.

There is some concern within the panel that important elements of the division’s efforts, while
clearly of value to the broadly stated goals of its mission and supported by its management, are
inadequately reflected in the division’s mission statement. These elements include standards and metrics
for flat panel displays, standardized systems for the digital transfer of electrical and mechanical manu-
facturing data, and the maintenance of a sound database of information pertinent to NIST through the
organized, electronic capture of data.

As in the past, the division conducts its business in a manner that supports its stated mission. In
accord with the division’s strategic planning, its three groups were reorganized this past year into four
groups: the Electronic Instruments and Metrology, Fundamental Electrical Measurements, Electrical
Systems, and Electronic Information Technologies Groups. Eleven major projects (see the subsections
below) are supported by the work of these groups.

The panel commends the Electricity Division of the Electronics and Electrical Engineering Labora-
tory (EEEL) for its management approach. Last year’s reorganization of the division’s efforts was aimed
at better allocation of available resources, which resulted in some redirection. This process was conducted

NOTE: Chapter 2, “Electronics and Electrical Engineering Laboratory,” which presents the laboratory-level review, includes a
chart showing the laboratory’s organizational structure (Figure 2.1) and a table indicating its sources of funding (Table 2.1).
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in a manner that effectively utilized staff input, and it continues to be perceived by the staff as a positive
exercise. Management is currently building on these efforts with review and planning activities that will
maximize the adaptability of the division while retaining its ability to meet its traditional and established
responsibilities. The balance that has been achieved between these two occasionally conflicting objec-
tives appears to be well considered and effective. The status of client services continues to evolve. The
panel observed services that were in the process of elimination as well as new services that had been
developed in response to clients’ requests. In both cases there was clear evidence that clients were being
consulted throughout the process.

In the opinion of the panel, the strategic decisions of the division’s management and staff have
considerably improved the division’s ability to meet its goals and objectives while maintaining its
overall level of technical merit. An example of the division’s overall approach can be seen in its yearly
pamphlet, which describes each project and enumerates a number of specific short- and long-term
objectives. In its consultations with staff, the panel found that these objectives represent realistic goals
and plans and are considered seriously. Although there may be occasional questions by staff about the
value of the time spent producing these documents, such questions are to be expected from a committed
staff determined to maximize the level of its efforts. The effort put into this planning and documentation,
however, is of considerable value and should be recognized.

In the following subsections, details of major projects in the division are discussed in order to
illustrate the high quality and technical merit of its work.

Electronic Kilogram

The objectives of the Electronic Kilogram project are the realization of the electrical unit of voltage
and an investigation of an alternative definition of the unit of mass that is based on measured quantities
determined by the fundamental physical constants of nature. The unit of mass is currently based on a
physical artifact, whose copies differ by non-negligible amounts. Numerous national bureaus of stan-
dards are making efforts to replace these artifacts. The program at NIST is at the forefront of such efforts
and retains U.S. leadership in the field of standards.

The level of both technical skill and design creativity for this project is exceptionally high. The
experimental setup is an exceedingly difficult apparatus to develop and refine. The project combines the
use of a number of existing electrical standards (the volt and the ohm) in order to generate a known force
through means of a complex, yet fundamentally deterministic, magnetic system. The instrumentation
has recently undergone a series of technical improvements, including the redesign of various elements.
The benefits of these changes are expected to be established through testing that will occur shortly. The
level of technical skill and exper