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1 ¢ A Message
from Sandia’s President

and Laboratory Director,
Al Narath |

The national laboratories of the Department of Energy
have a distinguished history of accomplishment. With
the end of the Cold War, the laboratories face new
challenges as the nation redefines its priorities. Among
the important questions being debated is how to sustain
the US scientific and technological strengths that provide
the underpinnings for all aspects of national security,
including defense, energy, environment, and economic
competitiveness. Although many of the details remain
unclear, there is general agreement that the nation can
no longer afford two separate, relatively independent
industrial bases, one focused on defense and the other on
civilian needs. In response to the new realities, Sandia
and the other national laboratories are implementing
significant programmatic, operational, and cultural
changes.

Sandia recently completed an updated strategic plan,
the essence of which is presented in chapter 4. Sandia’s
Strategic Plan 1994 takes its direction from DOE’s Fueling
a Competitive Economy: Strategic Plan and provides tangi-
ble guidance for Sandia’s programs and operations.
Although it is impossible to foresee precisely what
activities Sandia will pursue many years from now, the
strategic plan makes one point clear: the application of
our scientific and engineering skills to the stewardship of
the nation’s nuclear deterrent will be central to our

President's Statement A
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service to the nation. We will provide the necessary
institutional memory and continuity, experience base,
and technical expertise to ensure the continued safety,
security, and reliability of the nuclear weapons stockpile.

As a multiprogram laboratory, Sandia will also continue
to focus maximum effort on a broad spectrum of other
topics consistent with DOE’s enduring core mission
responsibilities:

¢ Defense (related to nuclear weapons),
¢ Energy,

¢ Environment (related to waste management and
environmental remediation), and

* Basic Science.

From the beginning, Sandia’s strategy has emphasized a
strong, integrated scientific and technological foundation
as a common, unifying element that supports all our
DOE customers. These mission-critical core competencies
are also proving to be broadly relevant to other national
priorities. This is especially true for Sandia’s strategic
technology thrusts in advanced manufacturing, electron-
ics, and information systems.

Much attention has been focused in recent years on
technology transfer from federally funded laboratories to
the private sector as a way to enhance the return on
federal investments in these institutions. In the case of
small- to medium-sized enterprises, technical assistance
has indeed proven to be a high value-added activity. Such
assistance usually involves transfer of existing knowledge
or know-how at minimal cost (especially if distributed
through established assistance centers such as the
National Institute of Standards and Technology Manufac-
turing Technology Centers), and therefore offers a large
return on taxpayer investments.

For larger, technically more capable enterprises, the
most productive interaction generally involves collabora-
tive research and development. Every Sandia program,
including the nuclear weapon program, offers mutually
beneficial opportunities for substantial cooperation with
industry and universities. It is universally recognized
today that scientific and technological advances can be
accelerated through joint effort. The technology transfer
partnership yields a dual benefit: both DOE and the
research and development partner gain from the relation-
ship. A variety of mechanisms, including cost-shared
cooperative research and development agreements, are
being refined to facilitate such joint efforts. By collaborat-
ing with industry and universities in the pursuit of DOE’s
mission responsibilities, national laboratory contribu-
tions to industrial competitiveness and education
become derivative in nature, avoiding the difficulty of
justifying such contributions on the basis of a separate
mission assignment.

Ensuring fairness of opportunity is an issue that arises

élnstitutional Plan FY 1995-2000

in every cooperative relationship involving public
funding. The larger the investment, the greater the
concern that the competitive playing field may be
unfairly tilted. Unless the relationship is intended to
satisfy a government-specific need (e.g., a defense
procurement), it may be perceived as unfair if it succeeds
in enhancing the profitability of the partner. For these
reasons, Sandia has long favored participation in the
execution of long-range technology road maps of
industrial consortia or alliances that offer opportunities
for significant dual-benefit contributions. Moreover, the
value of such contributions can be greatly enhanced if
the laboratories assist in enlarging the scope of the
cooperative effort, especially in regard to participation by
university researchers.

Today, industry and university partnerships permeate
most Sandia programs. In general, industry partners have
judged the value of their association with Sandia favor-
ably. The feedback we have gathered is forming the basis
for meaningful improvements. Our evolving strategy for
technology transfer is to encourage larger alliances. In the
last two years, we have begun to focus on consortia in
which the capabilities of DOE laboratories, industry, and
universities are combined to pursue broad research and
development agendas. Many of our newer cooperative
projects involve working with clusters of companies that
represent a substantial segment of a specific industry or
organizations that represent an entire industry.

Sandia continues to practice total quality management
for improving laboratory operations and products, using
the Malcolm Baldrige Quality Award guidelines as a
framework. We are entering a new phase of our quality
effort at Sandia—reengineering our work processes
and implementing an information infrastructure to
enable Sandians to operate more efficiently and
effectively.

The central importance of people in achieving mission
success cannot be overstated. We are committed to the
continuous improvement of Sandia’s human-resources
policies and practices, with special emphasis on the
development of a well-trained and highly motivated
work force whose diversity reflects the changing demo-
graphics of American society.

In summary, I cannot recall a time when Sandia has
been offered a greater opportunity to contribute to our
nation’s well being. I also cannot recall a time when
Sandia has faced greater uncertainties. I am confident
that we will be successful in meeting the challenges
that lie ahead. Sandia’s Institutional Plan reflects that
sense of optimism.

o7



2 e Sandia
National
Laboratories
Mission

Sandia’s strategic intent has always been to render
“exceptional service in the national interest.”! As the
world has changed, Sandia has retained its focus on
enhancing national security by providing solutions to
technology-based problems of major national significance.

Consistent with this strategic intent, Sandia’s mission
statement is as follows:

As a Department of Energy national laboratory, Sandia
works in partnership with universities and industry to
enhance the security, prosperity, and well-being of the

nation.

We provide scientific and engineering solutions to meet
national needs in nuclear weapons and related defense
systems, energy security, and environmental integrity,
and to address emerging national challenges for both
government and industry.

The specifics of Sandia’s mission have evolved to meet
the challenges created by a changing world, but the
general thrust of our mission is unchanged. DOE, with
programs in defense, energy, and environment, continues
to be our principal customer.

The 1994 DOE Strategic Plan introduces a fundamen-
tal change in how the department views its defense
mission—away from a model based primarily on the

production of large numbers of increasingly sophisticated
nuclear weapons to a model based on the requirement for
a smaller stockpile and greater attention to the threat
posed by the proliferation of weapons of mass destruc-
tion.2 This broadening of emphasis will place
greater—not fewer—demands on the technology base
that underlies defense programs.

The Defense Department’s Nuclear Posture Review,
completed in September 1994, outlines the foreseeable
requirements of our nation’s nuclear forces in the next
several years. The new posture is no longer based on
Mutual Assured Destruction; rather, it emphasizes Mutual
Assured Safety. However, it acknowledges that neither
Strategic Arms Reduction Treaty (START) I nor START II
has yet been implemented, and it preserves options for
our nuclear posture should reform in Russia fail. It
rebalances the strategic triad of nuclear weapon delivery
systems and calls for upgraded use-control technology
and diligent stewardship of the stockpile by DOE. Sandia
will have a major role in implementing the objectives of
the Nuclear Posture Review.

1president Harry S. Truman to Mr. Leroy A. Wilson, President, American
Telephone and Telegraph Company, May 13, 1949. Sandia National
Laboratories Archives.

2Us Department of Energy, Fueling a Competitive Economy: Strategic Plan,
April 1994: p. 9. .
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Sandia President Al Narath and DOE Albuquerque Operations Manager Bruce Twining sign the contract marking Martin Marietta Corporation's
assumption of management of Sandia National Laboratories.

As DOE restructures its production complex, Sandia
will also assume a larger responsibility for nonnuclear
component production. It is clear that DOE expects
Sandia to perform a more direct role in this activity and
to embrace it as an integral part of its mission for defense
programs. This emerging responsibility is complemented
by Sandia’s integrated capability in advanced manufac-
turing technology, a competency that has supported
DOE'’s production agencies for many years and will be
crucial in our evolving interactions with industry.

A solid base of scientific knowledge has always been
the critical factor in meeting the extreme requirements
placed on the safety, security, reliability, and other
characteristics of stockpile weapons. Consequently, it is
DOE’s goal to continually enhance the technology
infrastructure and core competencies required for its
national security mission. 3

Long after START I and START II are implemented,
Sandia will remain the nation’s technical conscience for
the nuclear weapon stockpile. The stockpile of the future

élnstitutional Plan FY 1995-2000

will comprise fewer weapon types and will rely on
established designs. The institutional memory and
continuity, the experience base, and the engineering
expertise for nuclear warheads as integrated systems will
reside at Sandia.

In addition to defense, a comprehensive definition of
national security includes energy security, environmental
integrity, and economic vitality. These elements are
tightly interrelated. National defense requires a robust
industrial base; economic vitality requires secure and
affordable energy supplies; energy usage and manufactur-
ing processes must be environmentally benign for
economic growth to be sustainable.

Sandia’s energy and environmental programs will also
reflect changing expectations. Our stewardship of broad
energy technologies will continue with renewed empha-
sis on making US industry successful in the global

31bid.: p. 23.




market. Our environmental activities will include the
timely and cost-effective cleanup of Sandia sites as well as
an aggressive advanced technology effort in partnership
with other DOE facilities and industry.

Sandia’s special mix of core competencies, talented
staff, and unique facilities for DOE missions increasingly
doubles as a technology resource for other national
challenges. Sandia’s integrated capabilities—advanced
manufacturing technology, electronics technology,
advanced information technology, and pulsed power
technology—are strategically required for DOE's defense,
energy, and environmental missions. In concert with
DOE's evolving mission to provide technological support
to other federal agencies, we will continue to serve as a
resource to those agencies needing objective technical
analyses, rapid prototyping of new concepts, or access to
our special capabilities.

Over the past several years, Sandia has become a
valuable resource for US industry. By partnering with
industry, both one-on-one and in consortia, Sandia
accelerates the advancement of technology from research
through development to commercialization. In return,
collaborative exchanges strengthen Sandia by exercising
its core competencies and providing opportunities for
direct interaction with the nation’s industrial research
and development base.

A strategy of great importance to Sandia involves
joining forces with the complementary skills of university
research laboratories. Adoption of this strategy is driven
by our desire to participate in the formation and mobili-
zation of a fully integrated technological resource for the
nation. Partnerships with industry and universities
increase the technological leverage we hope to gain over
problems facing the nation, thereby increasing our ability
to render “exceptional service in the national interest.”

Mission Focus

Established Program Responsibilities

Established responsibilities include programs that add
value directly to the nation’s security, in cooperation
with the private sector where appropriate, and for which
the federal government is the principal customer. These
programs fall into the four general areas below.

Nuclear Weapon Programs
These programs for DOE and DoD entail

» stewardship for and development of an evolving
nuclear weapons stockpile;

¢ implementation of new structures and streamlined
approaches to future nuclear weapon production
requirements;

¢ assumption of some nonnuclear production
responsibilities of DOE production facilities desig-
nated for closure;

¢ development of arms control, nonproliferation, and
counterproliferation technologies, and analysis of
intelligence; and

¢ restoration of contaminated Sandia sites to comply
with applicable environmental laws and regulations.

Energy and Environmental Programs

These programs for DOE and the Nuclear Regulatory
Commission involve

¢ identification, development, and deployment of full
systems solutions for safe, clean, and affordable
energy options; and

» development of affordable and deployable environ-
mental technologies to remediate DOE sites and for
broader applications of environmentally conscious
operations in industry.

Work Other Than for DOE

This work for DoD, other federal agencies, and
nonfederal agencies

» applies Sandia’s capabilities to enhance the success of
other federal government agencies and nonfederal
entities (such as state and local governments, private
industry, and universities) by providing trusted,
objective, and independent technical counsel; and

* accelerates the application of integrated technology
solutions to problems of national importance
through partnerships with industry.

Technology Transfer

This mission responsibility promotes and facilitates

» transfer of federally developed technologies,
processes, and special technical expertise to the

private sector; and

» collaborative development of technologies of mutual
benefit to government and commercial applications.

A
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Technology Responsibilities

Application of Sandia’s capabilities to the solution of
nationally significant problems necessitates focusing on
specific technical challenges through our four strategic
integrated capabilities:

e advanced manufacturing technology,

e electronics technology,

e advanced information technology, and
e pulsed power technology.

Sandia regards these areas as critical to both national
security in the conventional sense and to a broadly based
concept of national security that includes economic
competitiveness, energy security, and environmental
integrity. Sandia’s integrated capabilities are key areas of
technology development in themselves and are also
building blocks that can be applied to a variety of technol-

ogy-related problems. Sandia is currently exploring ways to
employ its competencies to help solve emerging problems
in biomedical systems engineering and transportation.

Other areas in which Sandia can apply its unique mix
of capabilities are continually being evaluated in concert
with DOE, other federal agencies, and potential industry
partners.

Approach

Program Prioritization

Sandia will concentrate on challenges and opportuni-
ties that add value to the nation. In addition, it will

« respond rapidly to national emergencies and other
urgent government requirements;

¢ build on and strengthen Sandia’s core technical
competencies and integrated capabilities;

Sandia President Al Narath talks with Executive Vice President Jim Tegnelia after a ceremony acknowledging Martin Marietta Corporation's new
role as managing and operating contractor for Sandia National Laboratories.
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¢ anticipate emerging trends and proactively help
sponsors and customers invent their futures;

¢ provide teamwork opportunities with industry,
universities, and other institutions; and

¢ create synergies among Sandia’s program sectors
and functional organizations.

Program Execution

We strive to achieve customer satisfaction by meeting
or exceeding expectations and by

¢ emphasizing our corporate values of integrity,
quality, leadership, teamwork, and respect for the
individual, and demonstrating our commitment to

the safety of the individual and to environmental
protection;

living up to our commitment to total quality
management through customer focus and continu-
ous improvement in everything we do;

taking maximum advantage of the special character-
istics of the New Mexico and California laboratories
and other Sandia locations;

partnering with Sandia’s sister laboratories to build
an effective system for addressing national prob-
lems; and

working closely with universities and industry to
ensure that technical developments provide the
greatest possible value for the nation.
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3 o Laboratory
Management Overview

Total Quality Management

Total quality management is Sandia’s overarching
management and operating philosophy. Embedded in
Sandia’s culture as one of five corporate values, quality is
the way in which we conduct work, and it permeates all
of our programmatic and institutional activities.

This commitment to total quality management is
stated in Sandia’s quality policy:

To be the best demands that we integrate quality in all our
work. At Sandia National Laboratories, we apply the
following quality fundamentals, consistent with sound
business practices, to reinforce our reputation for excellence:

Provide the greatest value to our customers by understand-

ing and meeting their expectations.
We must satisfy our customers’ spoken and
written requirements, and we must also under-
stand our customers’ needs and how their expec-
tations influence their perception of quality with
respect to cost, schedule, and performance. To
ensure customer satisfaction, we must continually
review our customers’ expectations while negoti-
ating their requirements.

i

-

Bl in Seconds

Focus on prevention rather than correction.
Although fixing problems as they arise is
important, preventing problems is our goal.
Therefore, we must approach each task with
the appropriate amount of planning to con-
sider potential problems and to build preven-
tion into each step of the process.

Measure progress using data.
Metrics are needed to set objectives, monitor
processes, assess customer satisfaction, and
ensure that resources are focused on areas with
the most value added. We will use the Malcolm
Baldrige National Quality Award criteria to
measure our progress.

Continually improve our skills, processes, products,

and services.
Quality improvement is ongoing. As our
customers’ requirements change, our capabili-
ties must change accordingly. Continually
improving our skills will allow us to serve our
customers better. Because all work is part of a
process, we must continually seek ways to
provide the highest value products and services
to our customers.
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In February 1994, Sandia’s Quality Leadership Council
committed to the next phase of the quality improvement
effort: reengineering or simplifying work processes and
the dissemination of information to enable Sandians to
operate more efficiently and effectively. Plans for this
next stage of quality improvement are being formulated.
We will select key corporate processes for analysis,
followed by simplification and improvement. This will
create an environment in which Sandians will experience
the benefits of quality in their work lives and will be
better able to meet the requirements of their customers.

Sandia’s commitment to this policy requires a process
that can demonstrate our success in implementing it.
Accordingly, Sandia has adopted the Malcolm Baldrige
National Quality Award criteria and process. In 1992,
Sandia submitted its first Baldrige-type application. Our
score was 429, which is very good for a research and
development laboratory undergoing rapid change. We
have been using the opportunities for improvement
identified in the Baldrige feedback to speed progress in
quality implementation. Sandia continues to use the
Baldrige principles and processes for guidance.

The seven examination categories of the Malcolm
Baldrige National Quality Award are leadership, informa-
tion and analysis, strategic quality planning, human
resource development and management, management of
process quality, quality and operational results, and
customer focus and satisfaction. These categories are
discussed below as management objectives.

Leadership

In January 1994, Sandia’s executive management
team created the Sandia Quality Leadership Council. This
council will ensure that quality is an integral part of all
executive meetings and actions. The Sandia Quality
Leadership Council is composed of the president, the
executive vice president, and the vice presidents. The
new council’s purposes are defined below.

What:

¢ Continuously improve Sandia’s ability to satisfy its
customers and stakeholders.

¢ Assist in the executive decision-making process.

e Advise the executive office on corporate/strategic-
level issues.

¢ Help ensure complete understanding of Sandia’s
status, as well as management and operations policy
and practice.

¢ Set and track corporate metrics.

How:
¢ Be well informed and prepared before meetings.
e Use total quality management processes during
meetings.
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¢ Clearly identify and assign action items.
¢ Build effective teams within the executive manage-
ment group.

Corporate values and customer focus are the basis of
Sandia’s organizational structure. Sandia is organized into
three sectors that account for all its programmatic work.
The three sectors and their major responsibilities and
customers are discussed below.

Defense Programs Sector

This sector provides stewardship and development of
the nation’s nuclear weapons stockpile, implements new
approaches to meeting the smaller nuclear weapon
production requirements of the future, and develops
technology for arms control, nonproliferation, and
intelligence. The principal customers are

e DOE Defense Programs,

e DOE Office of Nonproliferation and National
Security, and

e DOE Office of Environmental Restoration and
Waste Management.

Energy and Environment Sector

This sector performs research and development to
improve the efficiency, safety, and environmental
compatibility of energy conversion and utilization and
also develops waste management solutions and technolo-
gies for industrial waste reduction. The principal
customers are

DOE Energy Efficiency and Renewable Energy,

DOE Office of Energy Research,

DOE Fossil Energy,

DOE Nuclear Energy,

DOE Office of Environmental Restoration and

Waste Management,

¢ DOE Office of Civilian Radioactive Waste Manage-
ment, and the

¢ Nuclear Regulatory Commission.

Work-for-Others Sector

This sector applies unique Sandia capabilities to assist
other government agencies in solving their problems.
The principal customers are the

e Department of Defense,

¢ Department of Transportation,

National Aeronautics and Space Administration, and
other government agencies.



The organizational structure described above was
implemented to increase our ability to address customers’
requirements. Indicators of how well the structure is
meeting those requirements are based on employee and
customer-satisfaction data.

Each of the three program sectors is overseen by a
sector manager who is a Sandia vice president. Because
Sandia employs a program/function matrix, these vice
presidents have organizational obligations in addition to
their program sector management responsibilities. Twelve
corporate organizational divisions managed by vice
presidents support the program sectors. The support they
provide may be in the form of direct programmatic work,
technical support, administrative support, or laboratory
indirect activities.

Corporate organizational divisions support sector
programs. The intended result is that the program sectors
and their customers are the focus of all Sandia activity.
This structure institutionalizes the total-quality-manage-
ment requirement for a dominant customer focus
throughout the organization.

Strategic direction is provided by the Sandia Quality
Leadership Council, chaired by Sandia’s president. The
Sandia Quality Leadership Council establishes corporate
goals and makes decisions for infrastructure, capital, and
staffing requirements for the ten-year planning horizon.
It establishes a long-term strategy for core competencies
and core support activities. The council integrates
corporate policy with business planning requirements
and projected customer needs.

The activities of the three program sectors are also
coordinated in the Sandia Quality Leadership Council.
The council develops direct program guidance for the
three- to five-year planning horizon. It anticipates
funding and spending trends and evaluates Sandia’s
resources. The council plans for core competencies and
core support needs and develops short-term strategies for
investment or disinvestment in core competencies and
technical support capabilities. The council also oversees
Sandia’s Laboratory-Directed Research and Development
Program and resolves cross-sector issues.

Sandia is a member of the National Laboratories
Committee on Improving Laboratory Performance, a
coordinating group composed of representatives from
DOE laboratories. This committee meets to conduct
comparative evaluations and share best practices.

Public responsibility is very important to Sandia
and is also an important part of the leadership catego-
ry of the Baldrige criteria. This responsibility is
demonstrated in our policy on the health and safety
of workers and the public as well as the protection of
the environment. Our Environment, Safety, and
Health Policy, approved by Sandia’s president, clearly
states this responsibility.

On the basis of Baldrige feedback, a multidisciplinary
Sandia team developed seven comprehensive recommen-
dations for accelerating our rate of quality improvement.

The Sandia Quality Council enthusiastically adopted
these recommendations. Relative to the leadership
category, the recommendation adopted was to “develop
and review at every Sandia Quality Council meeting
metrics that are corporate-wide, results-focused, and
customer-oriented.” These metrics provide measures of
actual accomplishments against goals for important
facets of our work and are being reviewed at each meet-
ing. They were systematically reviewed at each Sandia
Quality Council meeting in 1993. New metrics are being
developed for review by the new Sandia Quality Leader-
ship Council.

Information and Analysis

Sandia’s quality improvement process rests on a
foundation of systems for collecting, analyzing, and
disseminating data and information that will help Sandia
better meet customer requirements. Data related to
corporate planning, program and project planning,
product and service quality, human resource planning,
and compliance performance are used in all three
program sectors. We use this information to measure,
evaluate, and control processes, to forecast perfor-
mance and results, and to identify opportunities for
improvement. Each sector has a support office to
manage such data. For example, the energy and
environment sector has a monthly data package that
tracks a variety of information at both the sector and
the program levels.

From the Baldrige feedback, the recommendation to
“develop a flexible system that facilitates management
decision-making based on data” was adopted. Key
managers from the program sector offices are completing
the development of this system and have begun to
implement aspects of it.

Benchmarking, an important element of this category,
spans all other categories as well. Another recommenda-
tion derived from the Baldrige feedback has been adopted
and is being implemented: “Benchmark one key process
each from corporate-wide processes, each sector, core
competencies, and critical support services.” A systematic
study of Sandia’s benchmarking efforts revealed that over
eighty benchmarking efforts have been undertaken or
completed.

As part of the next step, reengineering and simplify-
ing key processes, Sandia will benchmark processes to be
reengineered.

Strategic Quality Planning
Sandia’s first strategic planning effort produced a

strategic plan that set the stage for a change in corporate
culture. The plan incorporated a mission statement that
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broadened Sandia’s traditional focus on the defense
aspects of national security in order to “enhance the
security, prosperity, and well-being of the nation.” The
plan also articulated a statement of corporate values and
a set of strategic corporate objectives. Quality in all its
aspects was incorporated in these values and objectives.

Sandia embarked on its first exercise in corporate
strategic planning during the winter of 1989-1990. The
results of that effort were disseminated with the publica-
tion of Strategic Plan 1990. That document was the first
of its kind in the DOE community (although strategic
planning was widely practiced in industry) and despite its
shortcomings received significant acclaim. The Secretary
of Energy called it “an excellent example of the type of
planning effort expected of our laboratories, especially
with the need to change our culture in response to
today’s changing demands.”

The emphasis in that first effort was on changing our
culture. Today, the evidence of such change is unmistak-
able: As an organization we are more entrepreneurial and
assertive. We have nurtured a new teamwork relationship
with DOE and with industry. We have embraced total
quality management and become more customer-oriented.
We are more flexible in our management style, and deci-
sions are more often the result of participatory processes.

That evolving cultural change was necessary to set the
stage for a strategic plan with a stronger business focus. A
new strategic planning cycle was initiated in 1994, and a
new strategic plan was published that year. Strategic Plan
1994 differs from its predecessor by providing more
tangible business guidance to laboratory sectors and
divisions.

We are now designing our operational and business
planning processes with quality principles in mind.
Business plans will of necessity focus on customer needs
and on the products and services Sandia offers to meet
those needs. Business plans will provide program manag-
ers and organizations with clearer direction, and should
positively impact employee satisfaction.

Human Resource Development
and Management

Sandia recognizes that its employees are its most
important strategic asset in meeting customer require-
ments and fulfilling the strategic intent of “exceptional
service in the national interest.” We are committed to the
quality principle that the degree to which Sandia achieves
employee satisfaction will be the degree to which Sandia
meets customers’ requirements. Because Martin Marietta
Corporation (Sandia’s new managing contractor) recogniz-
es that employees are so important, it established a vice
presidency of Human Resources at Sandia and filled the
position with a senior Martin Marietta executive.
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To support Sandia’s performance in human resource
management, we completed our first Strategic Human
Resource Plan in 1992. This plan is guiding our actions in
human resources in four key areas: staffing, performance
management, leadership and management development,
and diversity. The plan will be updated periodically to
ensure relevance and continuous improvement.

On the basis of the Baldrige evaluation, Sandia
developed and adopted the following activity in this
category: “Use industry ‘best practices’ to establish a
corporate education and training program.” Important
elements of this activity include the development of a
Sandia-wide education policy and funding to implement
this policy. In 1993, the policy was developed and
presented to the Sandia Quality Council for consider-
ation. A task force of directors headed by the vice
president for Laboratory Development continues to
implement this policy.

In further support of human resources management,
Sandia held a two-day conference on human resource
development for senior managers in January 1994. Sandia
has also made significant progress in its commitment to
ethnic, racial, and gender diversity by establishing
diversity action teams and identifying diversity champi-
ons at all organizational levels.

A second human resources activity based on the
Baldrige evaluation is to “align the performance and
recognition system with corporate values and sector
goals.” Implementation of this recommendation began in
1992 with establishment of a performance management
system for vice presidents and directors. Sandia is now in
the process of cascading this system to all employees.
Performance management plans will be in place for all
Sandians for the 1994-1995 performance year.

To recognize outstanding contributions by teams
using quality processes, Sandia President Al Narath
created a President’s Quality Award in 1993. Modeled
after Baldrige but simplified for use by teams, the Presi-
dent’s Quality Award is based on published criteria,
defined application procedures, and a rigorous examina-
tion process to determine the winners. Awards are at
three levels: gold, silver, and turquoise. In November
1993, President Narath presented five silver and twelve
turquoise awards to seventeen teams. In 1994, the
President’s Quality Award will have two categories: one
for products and one for processes. Both will emphasize
the use of quality methods, with the product category
recognizing contributions of products that support
Sandia’s mission success.

Management of Process Quality

Sandia’s approach to managing process quality is
tailored to fit the particular product or service delivered



to the customer. We identify customer expectations,
clarify them through discussion, and translate them into
specific requirements. Although all program sectors use
standard project management techniques (including
multileve] work breakdown structures, task metrics, and
critical path networks), individual approaches will vary to
meet sector and customer requirements.

Our largest sector, defense programs, has a preven-
tion-based system to assure the safety, performance, and
reliability of US nuclear weapons. Great rigor, attention
to exacting requirements, well-defined processes, exact-
ing engineering development, and sedulous attention to
all aspects of quality have been the hallmarks of this
work for more than forty years.

All three sectors use a graded approach to determining
the level of formality to use in meeting customer require-
ments. In the work-for-others and energy and
environment sectors, requirements for some activities
(such as the Yucca Mountain and Waste Isolation Pilot
Plant nuclear waste repository projects) are set by statute.

Customer requirements are often subject to change
during the life of programs and projects. The Baldrige
feedback provided an opportunity to improve in this area
and resulted in the development and adoption of a
recommendation to “develop a structured but flexible
approach to managing customer interfaces.” The three
sectors are implementing this recommendation through
structured approaches to customer interactions, defined
responsibility in interactions with customers, customer
databases, and customer satisfaction surveys. We antici-
pate an improved ability to achieve customer satisfaction
through these new approaches to customer interfaces.

Quality and Operational Results

In the defense programs sector, a key product metric
of interest to customers in DOE and DoD is the reliability
of the weapons in stockpile. The emphasis on reliability
starts with the weapon development program and
continues through the entry of weapons into the stock-
pile. Reliability assessments are made by an organization
independent of design responsibility. Continuous quality
improvement has led to significant improvements in ail
indicators, such as decreases in component failure,
decreases in average defects per weapon, reduced need for
tests in the stockpile evaluation program, and a down-
ward trend in investigations of significant findings.

In the work-for-others sector, the Aerospace Systems
Development Program and the Remote Sensing and
Verification Program have identified key measures for
product or service quality. For Aerospace Systems Devel-
opment, the key measure is the percentage of flight test
objectives met. This measure indicates a continuous
trend upward for more than twenty-four years. For

Remote Sensing and Verification, mean time between
failures for flight payload is measured. This key measure-
ment indicates a failure rate of less than one per billion
operating hours. A mission failure has not occurred in
thirty years of fielding satellite systems.

Sandia has an excellent history of meeting customer
cost, schedule, and performance requirements. Sandia
depends on the support of internal organizations (includ-
ing Information Systems, Purchasing, and Facilities and
Maintenance) to make this quality success possible. These
organizations are making greater use of customer satisfac-
tion surveys to identify and implement opportunities for
improvement.

The work process reengineering and simplification
should enhance our ability to produce excellent opera-
tional results.

Customer Focus and Satisfaction

Sandia is implementing a process to achieve continu-
ous improvement in customer focus and satisfaction.
DOE is Sandia’s principal customer; DoD is also a key
customer. However, Sandia has many other DOE and
reimbursable customers as well. New customers include
private sector partners in cooperative research and
development and other beneficiaries of our technology
transfer efforts. Each sector has developed specific
organizations and processes for providing customer focus.

The development and implementation of the DOE
Laboratory Appraisal System for Sandia was a direct effort
to improve the extant appraisal process. We worked
directly with DOE to develop and introduce the im-
proved process. An important aspect of the new process is
that DOE co-owners work directly with Sandia owners to
develop activities to be appraised and the methodology
for the appraisal.

We are working with DOE on the appraisal process to
put greater emphasis on costs. In the future, funding for
nuclear weapons programs will almost certainly decline,
and we are using the appraisal system to enhance aware-
ness of the importance of fiscal management.

Sandia’s commitments to its DOE Defense Pro-
grams customer begin with directives and interagency
agreements implemented through formal require-
ments, documents, and procedures. These
commitments are for the life of a weapon.

The primary commitment with work-for-others
customers is the reimbursable agreement signed by
Sandia and approved by DOE. All reimbursable proposals
and agreement packages are reviewed for quality, ability to
perform, and adherence to DOE and federal requirements.

The growing number of industrial and other private-
sector partners in unclassified research and development
will have profound effects on the way Sandia interfaces
with customers. This trend will require cultural change,
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changes in procedures for controlling new types of
information, and physical changes to sites and facilities,
including the development of more open laboratory
campuses in a research park environment in both New
Mexico and California.

Vice presidents personally collect feedback from
major customers. Many directors and managers also
personally contact major customers. A new center has
been established in Carlsbad, New Mexico to work on
customer relations for the Waste Isolation Pilot Plant.

The process reengineering effort should produce its
highest leverage results by increasing Sandia’s ability to
satisfy customers.

Core Competencies

Core competencies represent a distinguishing integra-
tion of skills, capabilities, technologies, and facilities
needed to perform Sandia’s mission and achieve strategic
objectives. Core competencies make it possible for Sandia
to solve a wide variety of technical problems; core
competencies represent a complex harmonization of
individual skills and technologies that would be difficult
for other laboratories to duplicate. Each of our core
competencies makes a significant contribution to the
value of the products and services for which Sandia is
responsible, and many groups within Sandia rely on the
core competencies to accomplish their work.

The core competencies are a matrix of research
foundations and integrated capabilities, and they make
science-based engineering and product realization
possible. The research foundations derive scientific and
engineering principles. Those principles are used to
advance the integrated capabilities that are crucial to
Sandia’s programs.

Research Foundations

Engineered Processes and Materials

This competency entails synthesis, characteriza-
tion, and processing of metallic, ceramic, organic, and
composite materials. A distinguishing strength of this
competency is the development of advanced materials
and processes tailored to meet the needs of a specific
application.

Computational and Information Sciences

This competency provides technology to advance state-
of-the-art computer use while maintaining the accuracy,
security, and accessibility of information. Distinguishing
strengths of this competency include the development of
advanced computing networks and facilities, computation-
al methods for emerging computer technologies,
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mathematical techniques for information surety, and
computer-based techniques for intelligent machines.

Microelectronics and Photonics

This competency contains the technology required for
development, fabrication, and production of microelec-
tronic and photonic devices. Distinguishing strengths of
this competency include materials growth and develop-
ment, device design, fabrication technologies for silicon
and compound semiconductor devices, advanced
packaging technologies, and design of processes and
equipment for the manufacture of integrated circuits.

Engineering Sciences

This competency consists of fluid and thermal sciences,
solid and structural mechanics, radiation transport,
aerospace sciences, geosciences, and combustion sciences.
A distinguishing strength of this competency is the
development of interdisciplinary capabilities and an
integrated computational and experimental approach for
solving complex engineering problems.

Integrated Capabilities

Integrated capabilities are advancing technologies
that derive their scientific basis from the research founda-
tions. The four integrated capabilities identified below are
all important to direct programs at Sandia. All are
important for the private sector as well. Pulsed power
technology will remain a critical but very specialized
capability germane to DOE defense programs missions.
These integrated capabilities are significant to US compet-
itiveness and have great dual-benefit potential.

Advanced Manufacturing Technology

This competency contains the technology to meet the
manufacturing needs of US industry and the nuclear
weapons complex. Examples of these needs include
concurrent engineering, intelligent machines for hazard-
ous and flexible operations, computer-aided design/
engineering/manufacturing, engineered processes and
materials, environmental protection and control, and an
infrastructure to support product realization. The applica-
tions of this competency are distinguished by an emphasis
on precompetitive research and development for market-
driven technologies that are guided by the reconfiguration
of the nuclear weapons complex and by industry-led
associations such as the US semiconductor SEMATECH
consortium, the United States Council for Automotive
Research, and the Specialty Metals Processing Consortium.

Electronics Technology

By leveraging Sandia’s research foundation in micro-
electronics and photonics, we apply our electronics
technology to enhance the safety, security, and use-




control of nuclear weapons; make continuing contribu-
tions to defense, including new technologies to
discourage the proliferation of weapons of mass destruc-
tion; and expand our contributions to the nation’s
economic security by targeting major needs in commer-
cial technology. Through cooperative work with
industry and universities, our integrated capability in
electronics technology enables Sandia to maintain a
state-of-the-art electronics technology base and
provide value to industry.

Advanced Information Technology
High-performance computing, computational simula-
tion, and networking have an increasing role in
enhancing the security and economic prosperity of the
United States. Sandia provides differentiating expertise in
information technology and systems to weapon pro-
grams, related mission programs, other integrated
capabilities, and national information initiatives.

Pulsed Power Technology

Pulsed power technology is used to generate and
apply energetic beams and high-power energy pulses. It is
distinguished by the development of repetitive pulsed-
power technologies, x-ray and energetic beam sources,
and electromagnetic and radiation-hydrodynamic codes
for a wide variety of applications. Examples of these
applications include nuclear survivability and hardness
testing, light-ion-beam inertial confinement fusion,
materials processing, waste and product sterilization, and
food purification. Facilities include the Saturn x-ray
source, the High-Energy Radiation Megavolt Electron
Source (HERMES) III for gamma rays, and the Particle
Beam Fusion Accelerator II.

Laboratory-Directed Research and
Development Program

The Laboratory-Directed Research and Development
(LDRD) Program became permanent at Sandia in FY 1983
as permitted by federal law (Public Law 95-39, Section
303) and DOE Order 5000.4A. The LDRD Program
provides support for science and technology activities
related to DOE'’s missions. Projects emphasize advanced
science and technology that enhance Sandia’s research
and development capabilities and core competencies.

LDRD must be relatively small, well-specified, short-
term (one- to three-year) technology and application
projects that establish new capabilities, test new con-
cepts, or investigate innovative approaches. LDRD funds
are not used to substitute or increase funding for tasks
already funded by DOE or other agencies or to carry
projects beyond the exploratory stage.

LDRD funds are derived from an assessment on

funding from all souzces, including DOE programs. In FY
1994, the program was funded at about $63 million.

LDRD permits Sandia staff to explore innovative
scientific and technological opportunities that hold high
potential for payoff in applications. Some of these
projects have led to new DOE tasks and projects; others
have enhanced Sandia’s core capabilities.

LDRD had significant successes in FY 1993. Investiga-
tors demonstrated proof-of-principle for superconductive
positioners and accelerometers ten thousand times more
accurate than conventional piezoelectric units. This
technology will make possible detection instruments based
on gravitational signatures that are not susceptible to
stealth technology. Investigations into electrophoretically
deposited (water-based) solid lubricants have produced
environmentally acceptable processes and materials with
lower friction coefficients than existing approaches.

LDRD-developed, scaleable flat-flame technology
for the production of diamond films makes possible
the commercial production of thin diamond films
required for the next generation of multichip elec-
tronics modules. Research into electron behavior in
nanostructures (based on small-sized quantum effects)
is revealing new phenomena and operating principles
for electronic devices of the future.

Selecting LDRD projects is a formal process. Each fall,
the LDRD Council identifies core competencies that will
constitute LDRD Program elements for the following
fiscal year. At this time, the council also establishes LDRD
budget targets for the program elements. The Sandia
Quality Leadership Council reviews and approves the
elements and budget for the program. Next, a call for
proposals is issued describing the intent of the program,
the program elements, and requirements for submittals.
Investigators who wish to extend a project beyond one
year must submit a renewal proposal for continuation of
funding. The renewal request must detail progress
achieved toward project milestones and describe the tasks
to be performed in the next year.

Proposals are subjected to two independent evalua-
tions. A technical appraisal team evaluates the content of
the proposed work, the technical approach proposed, and
the technical potential of the project. Proposals are also
subject to a programmatic evaluation by one of several
review boards. In this evaluation, proposals are reviewed
for growth potential, impact on future activities, and
agreement with Sandia’s strategic intent. The programmat-
ic appraisal team ranks the proposals in its program area in
order of funding preference.

Based on the review rankings and budget targets
approved by the Sandia Quality Leadership Council,
Sandia’s LDRD Program manager prepares a proposed
LDRD Program. A program plan is then prepared and
submitted to DOE for a project-by-project review. Sandia
and DOE then jointly modify the proposal to develop a
plan that meets all DOE requirements. DOE is responsible
for final concurrence with the program plan.
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Facilities

Sandia’s executive management offices and larger
laboratory complex are located on Kirtland Air Force
Base at the southeastern edge of Albuquerque, New
Mexico. This site, referred to as Sandia/New Mexico, is
composed of five technical areas and an expansive
outdoor testing field covering 17,750 acres. This
location benefits from its proximity to other major
defense laboratories and testing facilities and the
emergent high-technology industrial climate in the
Rio Grande research corridor.

Another Sandia complex in Livermore, California
occupies 413 acres at the eastern edge of the San
Francisco Bay area. The site benefits from its proximi-
ty to world-class research universities and the intense
high-technology environment of the region. Sandia/
California is strategically important to Sandia’s
missions because it is a window to the leading indus-
trial centers of the West Coast and a connection to the
challenges of twenty-first-century urban America.

Sandia operates a wide variety of technical facilities,
which constitute one of the world’s premier research,
development, and testing complexes.

Extensive research laboratories for physical and
chemical sciences, materials and processes, computation-
al and computer sciences, microelectronics and
photonics, pulsed power, and engineering sciences
contain the most modern instrumentation and laborato-
ry equipment. Similarly, extensive engineering
development laboratories contain unparalleled facilities
for component development, particularly in electronics,
manufacturing, and processes.

Collectively, Sandia’s array of environmental testing
facilities is not duplicated anywhere else in the world. In
addition to shock, temperature, vibration, and accelera-
tion test facilities used to subject a variety of components
and systems to a wide range of extreme environments,
Sandia operates a variety of special-purpose test facilities,
some of which are unique: a radiant heat facility; a
multiple-stroke lightning simulator; a low-field, broad-
band electromagnetic radiation facility; blast tubes
capable of operating from 1 to 2,000 pounds per square
inch; a facility to provide large quantities of molten
metal oxides for studying nuclear reactor accident
conditions; light-initiated and other high explosives test
facilities; a 5,000-foot aerial cable for impact tests; a
10,000-foot rocket sled track; and two of the world’s
largest centrifuges.

Many of Sandia’s specialized facilities constitute major
national resources, utilized for a variety of both defense
and nondefense research and development programs:

e Computing facilities, from modern workstations to

massively parallel computing, support Sandia’s
pervasive use of computation for the simulation and
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modeling of complex phenomena and concurrent
research, development, and engineering.

A sophisticated, multivendor, corporate internet-
work and communications infrastructure provides
ready access to Sandia’s supercomputers and storage
servers from both the California and New Mexico
locations and their distributed networks.

Robotics laboratories are used for basic scientific
research and engineering development of prototype
advanced systems with application to DOE weapon
production efforts. Applications include START-
mandated nuclear weapon dismantlement and
retrieval and repackaging of radioactive wastes.

¢ The Center for Microelectronics Technologies and

the Integrated Materials Research Laboratory are
used to study semiconducting and other specialized
materials.

Advanced facilities exist for materials synthesis,
growth, processing, and diagnostics. Facilities house
equipment for molecular beam epitaxy and metal-
lorganic chemical vapor deposition growth,

. accelerators for ion-beam analysis and ion implanta-

tion of surfaces, solid-state and gas-phase lasers for
spectroscopy and remote sensing, and equipment
for numerous surface analytical techniques for
microstructure and materials property analysis.

The Integrated Manufacturing Technologies Labora-
tory and the National Center for Advanced
Information Components Manufacturing provide
advanced manufacturing technology capabilities for
developing integrated and agile solutions to manu-
facturing problems for industry and government
partners. Dual-use and commercial relevance are
priority requirements.

The Combustion Research Facility in California is
addressing problems in combustion science, energy,
and the environment.

The National Solar Thermal Test Facility and other
solar thermal facilities are used to test central and
distributed receivers and to study high-temperature
materials and processes. The Advanced Photovolta-
ics Facility is used to test both flat-plate and
concentrator systems.

Reactor facilities are used to simulate internal
environments of power reactors and to evaluate the
effects of nuclear weapons on components.

The Particle Beam Fusion Accelerator II, the Saturn
x-ray simulatos, and the Hermes III gamma-ray



accelerator are used to simulate nuclear weapon
effects and to study pulsed power approaches to
fusion energy.

¢ Dedicated facilities and test equipment at DOE’s
Pantex plant in Amarillo, Texas are used for quality
assurance and stockpile evaluation operations.

Sandia’s 988 buildings provide laboratory, shop, and
office floor space of approximately 5.8 million gross
square feet, most of which is located on about thirty
square miles of the southern part of Kirtland Air Force
Base. At original acquisition cost, the facilities available at
Sandia represent nearly $1.5 billion of US government
assets, consisting of about $900 million in capital
equipment, more than $500 million in buildings and
structures, and more than $50 million in utilities and
land improvements. The investment in technical equip-
ment amounts to more than a quarter million dollars per
technical employee.

As its mission evolves, Sandia, like other national
laboratories, is working much more closely with US
industry. Relationships with industrial partners require
easier site access and appropriate security management.
We are exploring concepts for changes in campus
configuration at both our New Mexico and California
sites to facilitate access by industrial users. Changes are
likely to affect classified and unclassified business areas,
traffic circulation, parking, and other infrastructures. A
significant investment will be required for this site
conversion work to improve the logistics of working on
national, industry-led initiatives.

Human Resources

Sandia’s employees are Key to mission success. In the
current environment of evolving work priorities, continu-

al change, and fluctuating budgets, Sandia intends to
fully utilize the talent and spirit of the work force,
thereby gaining a strategic advantage for Sandia and its
customers. To develop and deploy Sandia’s employees as
a strategic advantage, the human resources infrastructure
must be integral to and supportive of Sandia’s business
intent and must ensure management practices that are
responsive to employee needs.

Toward this end, Sandia has developed a strategic
human resource planning process to achieve long-term
programmatic goals within the context of changing work
requirements and evolving demographic and societal
trends. This process is the mechanism by which work
force composition and utilization, environmental
requirements, and goals to meet legal and regulatory
requirements will be forecast, planned, and delivered.
Planning is done via a partnership between human
resource program managers and line executives, who are
jointly responsible for strategy formulation and imple-
mentation. The process is modeled on the Malcolm
Baldrige approach to quality improvement, and incorpo-
rates the key Baldrige elements for human resource
development and management. The principal desired
outcome of implementing the Strategic Human Resource
Plan is a work force of talented, creative people dedicated
to “exceptional service in the national interest.”

Sandia’s 5,312 technical professional and support
personnel are drawn from all disciplines of engineering
and the physical sciences. Averaging approximately fifteen
years of service to the nation, the technical staff represents
almost 80,200 man-years of experience. That reservoir of
expertise has produced fifty-six patents during the past two

‘years. About 62 percent of the 3,893 members of the

professional technical staff have engineering backgrounds,
with most holding degrees in electrical, mechanical, or
chemical engineering. The remaining 38 percent have
expertise in a variety of technical disciplines, including
nuclear engineering, mathematics, physics, computer
science, aeronautics, and materials science. Seventy-seven

Professional Staff (Including Management):
Engineers
Scientists
Other Technical
Administrative

Support Staff:
Technicians
All Other

Laboratory Total Staff

Laboratory Staff Composition

PhD

673
707
3
43

1,428

MS/MA BS/BA Other Total
1,168 263 22 2,126
391 146 22 1,266

57 27 414 501

527 229 116 915

12 133 1,273 1,419

33 191 2,087 2,312
2,188 989 3,934 8,539
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percent of the professional technical staff have graduate
degrees, 46 percent of which are PhDs.

Supporting the professional technical staff are 1,461
technicians possessing hands-on experience across a
variety of technical specialties. Administrative and
indirect support is provided by more than one thousand
professional management and administrative personnel,
nine hundred administrative support personnel, and
1,550 union-represented employees who perform securi-
ty, craft, maintenance, and clerical functions.

ﬁlnstitutional Plan FY 1995-2000

Although most of Sandia’s employees are based in
New Mexico, about 1,050 are employed at the
California facility; another one hundred employees
are in small groups at the DOE Pantex plant in
Amarillo, Texas and at the testing sites at Kauai,
Hawaii and Las Vegas, Nevada.

The combination of outstanding technical staff
and unmatched research, development, and testing
facilities continues to permit Sandia to leverage
technology to address important national problems.
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Situation Analysis

Sandia’s mission has evolved to meet the challenges
created by a changing world but the general thrust is
unchanged. DOE programs in defense, energy, and
environment continue to be our principal mission.

However, Sandia’s operating environment has
changed dramatically during the past few years. On the
international level, the Soviet Union has collapsed and
the Cold War has ended. However, old animosities and
new threats to stability make it clear that the world
remains troubled and unpredictable.

A series of important developments has impacted
DOE's weapons program. These developments include
the sweeping arms control initiatives of 1991, the
indefinite moratorium on nuclear weapon testing, and
the discovery of advanced nuclear weapon development
programs in Iraq and North Korea. The proliferation of
weapons of mass destruction and the potential for
nuclear terrorism are emerging threats.

The 1991 war with Iraq reminded the world of the
strategic importance of energy. It demonstrated the
overwhelming dominance of oil in the industrialized
world’s energy mix, and it forced the United States to
reexamine the energy choices it had made. Even though

the war was quickly won and the immediate threat
removed, the strategic issues associated with our chronic
dependence on foreign energy sources remain.

Environmental awareness has increased worldwide.
Pollution from industrial sources is catastrophic in many
regions of the former Soviet Union. In the United States
and other affluent nations, industry is adopting cleaner
manufacturing processes and designing products that
have smaller environmental consequences throughout
the product life cycle. Many governments, especially in
developing nations, are concerned about problems such
as hazardous waste, water, energy, and resource depletion.
Many poor nations have experienced extensive environ-
mental degradation.

In our own country, the attention of policy makers
has shifted to domestic problems that have become real
threats to the prosperity and quality of life that most
Americans enjoy. The vitality of the US manufacturing
sector is a source of concern, particularly with respect to
the supply of good jobs for Americans. Transportation,
the environment, crime, education, and affordable and
accessible health care are examples of other urgent issues.

Recently a debate has emerged about the utility of the
national laboratories with respect to these new priorities:
Does their contribution justify their cost? Should they have
additional roles and missions that address emerging
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national priorities? Or should their missions be more
narrowly circumscribed and their activities constrained?

Clearly, we will be expected to manage and operate the
laboratories more cost-effectively than ever before. Modern
business methods, agility and flexibility, and reengineered
work processes will be required to meet this challenge. But
even with these changes, we will continue to feel the
constraints of declining program resources.

Strong public and official sentiment exists for
dramatically reducing the research and development base
that supports nuclear weapons. However, an important
dilemma emerges: Nuclear weapons will continue to be a
component of our nation’s defense. They will age beyond
their designed service lives and their constituent tech-
nologies will become obsolete. Conversely, the require-
ments and expectations for reliability and surety will
increase as the stockpile becomes smaller and new
technology makes improvements in safety and control
feasible. These expectations cannot be satisfied without
sustained, predictable funding for the integrated science
and engineering programs that support nuclear weapon
technologies.

Sandia’s operating environment has, in general,
become more difficult and less certain. As we plan, it is
important that we identify and interpret the external forces
that will influence our future.

R

Planning Assumptions

Strategic objectives and general strategies are based
on sets of planning assumptions in defense, energy and
environment, technology, economics, politics and
society, and laboratory operations.

Defense

* Sandia’s nuclear weapons stewardship responsibility
will demand sustained support of our science and
engineering research and development capabilities,
particularly as we enter an era with no new weapon
development programs, no nuclear testing, and
declining budgets.

 Restructuring the nuclear weapons complex will last a
decade and will force hard decisions about research
and development, production, and remediation.

¢ The defense budget may decline even further before it
stabilizes. Competition for allocations from the
research and development portion of that budget will
certainly increase.

Five members of the team working on Sandia's Strategic Plan are shown at a working session. Team members are (from left) Bert Westwood,

Mim John, Virgil Dugan, Jerry Langheim, and Dan Hartley.
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¢ Weapons of mass destruction will continue to
proliferate, and the probability that they will be used
in a regional conflict is increasing.

e For the foreseeable future, the stockpile of US
nuclear weapons is not likely to get much smaller
than the limits specified in the START II agreement.

e The moratorium on nuclear testing will challenge
our technical skills as we strive to fulfill our respon-
sibilities for nuclear weapon surety and reliability.

Energy and Environment

¢ Environmental considerations will become a
dominant factor in decisions related to energy,
transportation, and manufacturing.

¢ Environmental restoration and public health and
safety will continue to be high priorities for the
government and the public.

¢ Demand from developing nations for energy
resources will grow.

¢ Responsible environmental stewardship will be
required across the entire product life cycle.

¢ Permanent disposal of nuclear waste will be key to
the future of nuclear power and essential for
managing the nuclear weapons program.

¢ Conservation and renewable energy alternatives will
be seen as viable strategies for improving US energy
efficiency.

» The energy supply industry has lost most of its in-
house research and development capability and will
need alliances with national laboratories and
universities in order to advance.

¢ The strategic importance of domestic oil production
and alternative energy supplies will become more
widely acknowledged.

Technology

¢ US industrial firms will not rebuild their research
infrastructures but will rely on alliances and
partnerships to provide technologies for the future.

¢ The importance and influence of information
technology will increase throughout industry.

e Cycle time for technology deployment will contin-
ue to shrink.

¢ The need to modernize our nation’s infrastructure
will czeate new technological challenges.

¢ Manufacturing will be a major factor in the nation’s
economic vitality.

¢ Technology will not automatically be viewed as the
solution to many of the nation’s problems; it may
be seen as the source of some of those problems.

Economics

¢ The trend to integrate the civilian and defense
industrial bases will continue.

¢ Alliances and consortia involving national laborato-
ries, industry, and universities will become generally
accepted, and cooperative ventures with industry
will expand.

¢ Pressure on discretionary federal spending (includ-
ing defense and research and development) will
become more intense.

* The increasing globalization of business will make it
difficult for national laboratories to provide tech-
nology for the exclusive benefit of US companies.

* Initiatives for US industrial technology leadership
will mature into sustainable joint technical pursuits
to which the national laboratories can contribute.

Politics and Society

* Technical programs will be more open to public
scrutiny. Increasingly they will be subject to debate
concerning their ethical, social, political, economic,
and environmental impacts.

* In the future, laboratory initiatives will require
support from a broader political base than they have
in the past.

* The federal government’s effort to make govern-
ment more efficient and cost-effective will have
significant impact on the national laboratories.

» Diversity of ethnicity, gender, age, and skills will
increase among our own work force and that of our

customers.
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e Society will continue to exhibit a strong aversion
to risk imposed on individuals from any source
other than through choices made by individuals
themselves. To the degree that technology can
contribute to reducing risk, opportunities to
apply technology in new and useful ways will
present themselves.

Laboratory Operations

¢ The ability to develop and apply human resources
and technical expertise in an agile manner will be
critical to Sandia’s success.

¢ Sandia’s California site will remain a strategic asset,
integral to our success by serving both as a window
to the West and the Pacific Rim and as a gateway
into Sandia.

¢ Qur pursuit of quality will require us to place more
emphasis on operational efficiency and cost-
effectiveness.

¢ Reengineered work processes and a modern
information and communications infrastructure
will become increasingly important to the
efficiency of our operations and the quality of
our work.

Strategic Objectives

Strategic objectives are established for both what we
do and how we do it. As a mission-oriented laboratory, we
have obligations to our sponsors for programmatic results
as well as a general obligation to the taxpayers to produce
value for the investment they have made in us. Conse-
quently we call one subset of strategic objectives “mission
objectives.” These are concerned with our programmatic
responsibilities and the technical foundations for our
work.

A second subset of strategic objectives is concerned
with the administrative management and operation of
the institution. These “operational objectives” support
the successful realization of mission objectives and are
equally important.

To a large extent, Sandia’s long-term viability will
depend on how well it meets its mission and operational
objectives. We think that all the objectives below are
achievable and that progress toward meeting them can be
measured by performance indicators.

é Institutional Plan FY 1995-2000

Mission Objectives

Mission Success

Sandia’s objective is to achieve mission success and
customer satisfaction through superior technical execu-
tion and program management. We will identify and
develop products based on Sandia’s strategic thrusts
(advanced manufacturing, electronics technology,
advanced information technology and pulsed power
technology) in all three sectors.

DOE missions will remain our primary focus. We will
make every effort to help DOE succeed in meeting its
mission objectives. Within the system of DOE laborato-
ries, Sandia has outstanding comparative advantages
based on a heritage of industrial management and a
philosophy of science-based engineering and product
realization. We will further define and strengthen our
missions base by cultivating these comparative
advantages.

We will work with DOE to devise more efficient
funding vehicles for work with other federal agencies,
state and local governments, and industry. We will also
work with DOE to develop innovations that will
permit Sandia and the other DOE laboratories to make
maximum contribution to US technology needs in
defense, energy security, environmental integrity,
industrial technology, and other national technology
initiatives.

We will attract new federal government customers by
offering products and services that can provide substan-
tial benefit to their programs. Sandia should be the
national laboratory of choice based on observable
comparative advantages and quality performance
demonstrated in its work for DOE. New programmatic
work for other agencies must exercise our research
foundations and strategic thrusts. We will encourage DOE
to negotiate top-level agreements with other agencies to
establish long-term, team relationships for work in areas
of mutual benefit.

We will aggressively seek funding under new
federal technology initiatives when we believe our
DOE mission capabilities can add unique value.
Substantial in-house technical work will be a require-
ment of any program we accept. We will not accept
funding where we add little technical value to a
program.

Our participation in new federal technology
initiatives will involve collaboration with industry
groups, perhaps in technical competition with other
laboratory/industry teams. This may become a new
model for federal research and development procure-
ment, one that affords the government greater
confidence in technical proposals and provides a more
informed basis for selection.



Defense Programs (Including
Nonproliferation)

Five programmatic thrusts have been established to
support and parallel DOE's National Security Strategic
Plan, They are synergistic and integrated with Sandia’s
integrated capabilities (advanced manufacturing technol-
ogy, electronics technology, advanced information
technology, and pulsed power technology) and are
supportive of these capabilities in the other Sandia
sectors. Plans and strategies to support these capabilities
are judged against strategic investment criteria.

Stewardship of the Stockpile

We will ensure that the stockpile remains effective,
and we will create executable options to evolve the
stockpile of the future. In addition, we will assure that
the nuclear weapon development capabilities and
expertise necessary to meet the nation’s future needs are
maintained.

The strategic opportunity is to advance the science
and technology of nuclear weapon design and manufac-
turing in many areas, such as model-based development,
state-of-health self-surveillance, stockpile tracking and
inventory, advanced surety, and innovative system
concepts to meet possible future threats while utilizing
these advanced nuclear weapon design science and
technologies to address other national technical problems.

Reconfiguration and Conversion

We will support national defense policy and DOE
policy by taking actions necessary to reduce the size of
the nuclear weapons stockpile while integrating the
design and production capabilities to support the remain-
ing stockpile and perform upgrades or new builds if
necessary. The budget decreases associated with a reduced
stockpile will require a significant reconfiguration of the
nuclear weapons complex and the adoption of more cost-
effective product realization processes.

The strategic opportunity is to use systems approaches
for weapons production to demonstrate successful low-
volume, high-reliability design and manufacturing
processes through the incorporation of modern product
realization principles such as agile manufacturing,
concurrent engineering, and environmentally conscious
manufacturing.

Strategic Surety

It is our responsibility to develop the technical means
to assure confidence in the safety, security, and control of
nuclear weapons in all environments. The ability to

attain this confidence now and in the future for nuclear
weapons and other high-consequence activities is of
strategic importance to the nation. We will develop and
promulgate the underlying science, technologies, meth-
odologies, prototypical components, and system
architectures for the advancement of surety.

The strategic opportunity exists for the development
of goals, standards, and objectives and the implementa-
tion of system architectures and supporting technologies
for achieving intrinsic surety so that undesired actions
are not possible without official intent. These develop-
ments will provide the framework for the application of
the science of surety to other high-risk national problems
such as civil security (e.g., from acts of terrorism),
information security, transportation safety, and medical
treatment safety.

Competencies and Capabilities

We will preserve, sustain, and continually enhance
the core intellectual, technological, and physical infra-
structure necessary for the support of all the missions and
responsibilities of the nuclear weapons complex. To
accomplish this, we must exercise these essential capabili-
ties and competencies to meet a wide range of national
needs, including the enhancement and preservation of
US industrial capabilities.

The strategic opportunities are to

¢ develop complementary support for competencies
and capabilities through all lines of Sandia’s busi-
ness and discretionary funding sources, such as
laboratory-directed research and development;

e strengthen Sandia’s science and technology base by
identifying opportunities to leverage cross-sector
investments in new competencies and capabilities;

¢ anticipate and strengthen those competencies that
will be required for Sandia’s evolving missions, such
as advanced manufacturing, sensors for smart
weapons, microelectronics, advanced modeling and
simulation for design engineering; and

¢ develop technology partnering activities that
yield significant spin-back of new or enhanced
competencies and capabilities.

Responding to the Changing Threat

We will bring the full range of our technology base
and systems integration competency to bear on the
problem of developing technical approaches to address
the evolving security challenges posed by the prolifera-
tion of weapons of mass destruction.
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The strategic opportunities are to

» expand our traditional roles and contributions
through new technology development, systems
integration, and greater partnering in vulnerability
assessment to impact the full spectrum of national
security issues;

¢ monitor technologies to support applications from
cooperative monitoring to remote sensing in denied
areas;

¢ develop advanced technologies and systems for
weapons storage and management of special nuclear
materials;

* expand incident response capabilities; and

¢ interact with other DOE Defense Program activities
to influence evolving stockpile requirements.

Energy and Environment

Sandia’s Energy and Environment Sector will support
its customers in DOE, other government agencies, and US
industry by contributing effective science and engineer-
ing solutions that improve our national energy security
and the quality of our environment. We will provide
managerial and technical leadership to resolve issues of
national importance and impact. We will apply the full
range of our engineering capabilities and scientific
foundations toward delivering quality products to our
customers. We will strengthen and expand our estab-
lished responsibilities in energy research, fossil energy,
renewable energy, nuclear energy, nuclear waste manage-
ment, and environment. We will integrate these
responsibilities into the larger context of sustainable
development. We will establish leadership in emerging
responsibilities with our customers, and we will provide
the basis for DOE to identify and move into new areas of
vital national concern.

Energy

Sandia will identify, develop, and help deploy full
systems solutions for safe, clean, and affordable
energy options that enhance the security of the nation
and reduce global tensions over sources. We will:
improve manufacturability and reliability of alterna-
tive energy systems; develop efficient technologies for
utility, industry, and automotive applications; provide
leadership in applying advanced technology to the oil,
gas, and geothermal industries; and establish the
technical basis for safe, effective, nuclear energy
systems.
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Environment

Sandia will develop affordable and deployable
environmental technologies that enhance environmen-
tally conscious operations in industry, help remediate
contaminated DOE sites, and solve the problems associat-
ed with disposal of radioactive wastes. We will: exhibit
leadership in providing technology for clean industries;
advance technology for contributing to DOE'’s environ-
mental cleanup; develop viable solutions for nuclear
waste storage, transportation, and disposal; and support
DOE and national environmental, safety, and health
efforts.

Work for Others

The Work-for-Others (WFQ) Sector will utilize distinc-
tive Sandia capabilities and Sandia’s special independent
status as a national laboratory to provide trusted, honest,
objective, science-based solutions for probiems of
enduring national importance to other agency customers.

The WFO Sector will add value for non-DOE custom-
ers by providing integrated solutions that combine
innovative systems concepts with our enabling technical
skills in manufacturing, electronics, and information
sciences. The results will be practical solutions that
significantly extend existing capabilities and satisfy
customers’ operational needs.

The WFO Sector will strengthen and enhance the US
industrial technology base, including the defense indus-
trial base, by: sharing technology with and transferring
technology to industry; selecting and emphasizing dual-
use technology and programs; aggressively teaming with
industry and other agencies to leverage technology from
all sources; and emphasizing high-level cooperative
development agreements between federal agencies and
private organizations.

The WFO Sector will become a catalyst for precompet-
itive research and development alliances with industry,
universities, and users. The sector will establish Sandia as
the leading proponent and creative implementer of
effective mechanisms for establishing government/
private partnerships to address important national
problems.

The WFO Sector will strengthen and enhance Sandia’s
ability to continue serving DOE missions by emphasizing
and selecting programs that synergistically nurture
Sandia’s core competencies while satisfying critical needs
of other customers. The sector will establish project
selection and investment/disinvestment criteria that
strategically position WFO work into four areas:

¢ Direct support of nuclear weapons (safing, arming,
firing, and fuzing systems).

* Work related to the nuclear mission, such as




counterproliferation and munitions research and
development. In particular, we will work through
DOE to apply nuclear weapons program skills,
capabilities, and facilities to DoD'’s responsibility for
developing counterproliferation technologies
against weapons of mass destruction.

e Work that directly supports Sandia core compe-
tencies, such as high-performance computing
and information technology components manu-
facturing.

¢ New initiatives that draw upon Sandia’s core
competencies and prepare the laboratories to
address emerging national needs such as biomedical
engineering and transportation systems.

Core Competencies

Sandia’s objective is to sustain and stabilize our core
competencies (research foundations and integrated
capabilities) and to ensure the capability for attracting
and developing the best research talent in the required
disciplines.

Sandia’s core competencies are a product of its forty-
year heritage as a premier research and development
laboratory. They are crucial to our ability to provide
solutions to the nation’s challenges in defense, energy
security, environmental integrity, and industrial
technology.

Science-based engineering is essential for leadership in
technology. Engineering practice advances most rapidly
when it is exposed to new principles and techniques
derived from scientific discovery through engineering
research.

The core competencies are a matrix of research
foundations and integrated capabilities, and they make
science-based engineering and product realization
possible. The research foundations derive scientific and
engineering principles. Those principles are used to
advance the integrated capabilities that are crucial to
Sandia’s programs, both today and tomorrow.

Research Foundations

Sandia has four multidisciplinary research foundations:

¢ engineered processes and materials,

¢ microelectronics and photonics,

e computational and information sciences, and
* engineering sciences.

These provide the scientific knowledge base upon which
Sandia’s integrated capabilities depend. Our management

philosophy for the research foundations is based on the
guiding principles below.

The four research foundations will be managed for the
benefit of Sandia’s sectors and strategic thrusts. Our goal
is to ensure that the research foundations provide the
science and engineering wellspring from which we draw
the ability to meet our customers’ needs.

We will accomplish this goal by establishing broad
research programs that anticipate the needs of Sandia’s
sectors and strategic thrusts and by actively managing the
programs to ensure that they adapt to changes in those
needs. We will also encourage movement of personnel
across division boundaries to promote the diffusion of
new technologies and strengthen the ties between the
research foundations and the sectors and strategic
thrusts.

Sandia will achieve technological leadership in each
of the four research foundations. Our goal is to be
recognized and valued, both internally and externally, for
our contributions and leadership in research and tech-
nology development in these areas.

‘We will achieve this goal by establishing high-impact,
leading-edge research and technology development
programs that are scrutinized by external peer review. We
will continue to recruit and develop world-class technical
staff with a diversity of backgrounds and expertise, and
we will recognize and reward their technical excellence,
creativity, and leadership.

We will be sensitive to the resource constraints
imposed by the current fiscal environment. Our goal is to
be conscientious stewards of the resources provided for
the advancement of our research foundations.

We will accomplish this goal through the use of
sound business practices that result in maximum leverage
of our resources. We will exercise every opportunity to
establish research programs that lead to the development
of dual-benefit technologies. Sandia research programs
will actively seek partnerships with universities, industry,
and other federal laboratories to take advantage of
advances made elsewhere and to transfer technology to
the commercial sector.

Integrated Capabilities
Sandia has four integrated capabilities:

advanced manufacturing technology,
electronics technology,

advanced information technology, and
pulsed power technology.

These integrated capabilities are advancing technolo-
gies that derive their scientific basis from the research
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foundations. All these technologies are important to
current direct programs at Sandia. They are also strategi-
cally important for future Sandia programs and for
technology development in the private sector. In this
context, they are sometimes called strategic thrusts,
especially when their long-range importance to Sandia
and the nation is being stressed.

Advanced Manufacturing Technology

We will provide technology and leadership in advanced
manufacturing to make continuing, critical, and valuable
contributions to our nation’s defense, economic competi-
tiveness, environmental stewardship, and energy security.

This thrust will directly support Sandia’s expanded
responsibilities for production of nonnuclear compo-
nents as the nuclear weapons complex is restructured.

Electronics Technology

By leveraging Sandia’s research foundation in micro-
electronics and photonics, we will: apply our electronics
technology to enhance the safety, security, and use-
control of nuclear weapons; make continuing
contributions to defense, including new technologies to
discourage the proliferation of weapons of mass destruc-
tion; and expand our contributions to the nation’s
economic security by targeting major needs in commer-
cial technology. Through cooperative work with industry
and universities, our integrated capability in electronics
technology will enable Sandia to maintain a state-of-the-art
electronics technology base and provide value to industry.

Advanced Information Technology

We will provide information-based technology for
challenging national problems. We will also provide
differentiating expertise in information technology and
systems to weapon programs, related mission programs,
other strategic thrusts, and national information initia-
tives.

Pulsed Power Technology

We will maximize the benefit of our leadership
position in pulsed power by applying Sandia’s leading-
edge pulsed power accelerators to problems of national
importance with other DOE laboratories, US industry,
and universities. We will provide large volumes of very-
high-energy densities for DOE Defense Programs in
nuclear weapon physics, radiation effects science, and
inertial confinement fusion in the laboratory, a particu-
larly important capability in the absence of underground
nuclear testing. We will apply our efficient, high-average-
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power sources of electron, ion, and x-ray beams to
defense-related missions of materials hardening, environ-
mental remediation, and materials welding and joining.
In partnership with industry and universities, we will also
apply these capabilities to commercially valuable applica-
tions in materials surface modification, electronic
pasteurization of food and pharmaceuticals, sterilization
of medical instruments and medical wastes, and repeti-
tive electromagnetic force.

US Industrial Competitiveness

Sandia’s objective is to make measurable contributions
to the global technology leadership of US industry. We
will institutionalize the interaction of all Sandia programs
with appropriate industry elements, promote the nation-
al laboratories’ role as a bridge from research to
application in collaboration with universities and
industry, and achieve permanent mission status for a
DOE laboratory role in supporting US economic competi-
tiveness within five years.

We will seek strategic alliances with industry, universi-
ties, and other laboratories to pursue industry-defined
research and development objectives. These alliances will
be mutually beneficial to the sponsoring DOE program
and the industrial partner. They will benefit Sandia by
permitting us to incorporate the most current commer-
cial technologies into DOE products. They will help
industry by fostering the development of new or im-
proved products and services based on US technology
leadership. This work will include new ventures that
promote private entrepreneurial activity, which in turn
should create new jobs.

Our strategy for collaborative research and develop-
ment will continue to emphasize large-scale alliances
with industry and universities. We will form teamwork
arrangements with clusters of companies in which the
capabilities of DOE, industry, and universities are com-
bined to develop enabling technology for an industry. We
will fully support DOE's efforts to create alliances with
other federal agencies utilizing the capabilities of the
national laboratories.

Sandia recognizes the role played by small business in
fueling the nation’s economy. We will employ a three-
pronged approach to support small business growth and
development. Specifically, we will form technology
development partnerships with small business through
the use of cooperative research and development agree-
ments and similar arrangements. We will deploy existing
technology by taking advantage of networks such as the
manufacturing extension centers. We will also encourage
entrepreneurial activity through alliances with organiza-
tions such as the newly formed Technology Ventures
Corporation.

Sandia’s user facilities will be increasingly important



as vehicles for generating cooperative work with industri-
al partners and for building alliances involving industry,
university, and government entities. User facilities help
industry obtain maximum benefit from technologies and
capabilities developed at Sandia. Research and develop-
ment conducted in these facilities can satisfy a broad
spectrum of dual-benefit needs for government and
industry. User facility advisory groups, networks, and
cooperative working groups will increase collaboration
among industrial, university, and national laboratory
participants.

To facilitate collaborative work with industrial and
university partners, access to Sandia sites will be made
more user-friendly. The fact that Sandia’s largest technical
area is located on a military installation can make it
awkward for partners to do business with us. Visitor
access to the New Mexico site will be improved by
establishing a DOE-controlled entrance at Eubank
Boulevard and constructing a visitors’ center and making
other improvements. Changes in site layout are likely to
affect classified and unclassified business areas, traffic
circulation, parking, and other infrastructure.

Visitor access to the California technical area will also
be improved through changes in campus infrastructure.
Sandia/California’s proximity to the high-technology
industrial and academic centers of the West Coast will
continue to be a strategic asset for the entire laboratory.
The California site will increasingly serve as a gateway to
Sandia’s laboratories.

A significant investment will be required to perform
this site conversion work to improve the logistics of
working closely with industry on national, industry-led
initiatives.

Sandia excels in creating new technical information.
New technology, however, is only one ingredient in new
products and services. Industry also needs intellectual
property protection in order to attract the risk capital needed
for commercialization. Sandia will continue to increase
its capacity to identify and protect intellectual proper-
ty. We will progressively increase the number of
Sandia patent applications filed per year over the next
several years.

Our collaborative work should so please industry, and
its economic impact be so tangible, that it becomes a
primary mission of its own, rather than incidental to
established DOE missions. This activity should be block-
funded, rather than supported piecemeal. Such a strategy
supports DOE's commitment to industrial competitive-
ness as a core business area of the department. It is DOE’s
goal to “establish DOE as industry’s research and develop-
ment provider of choice in its areas of scientific and
technical competency.”!

1US Department of Energy, Fueling a Competitive Economy: Strategic Plan,
April 1994: p. 13.

Sandia Production Responsibilities

Sandia’s objective is to assume new production
responsibilities as requested by DOE to support the
stockpile’s need for an ongoing, low-volume supply of
certain nonnuclear components.

Sandia has been assigned several new production
responsibilities that complement the integrated capabili-
ty in advanced manufacturing technology ongoing at its
New Mexico and California locations. The closure of
DOE’s Pinellas and Mound facilities will result in Sandia
taking on responsibility for the production of small
quantities of neutron generators and other specialized
components. It will also be Sandia’s responsibility to
manage production procurements for components
available in industry and needed for DOE’s stockpile
stewardship mission.

Further, Sandia has been requested to supply the
pharmaceutical industry with sufficient quantities of
molybdenum-99 to satisfy the US requirement for this
radiological diagnostic material.

This emerging production responsibility, which is an
important new customer requirement for Sandia, repre-
sents an opportunity to complement our advanced
manufacturing integrated capability and establish a test
bed to prove developments in manufacturing technology
before introducing them to industry.

Operational Objectives

Quality

Sandia’s objective is to live up to our commitment to
total quality through customer satisfaction and continu-
ous improvement in our research and engineering, our
products and services, and all our work processes. We will
become world-class in our ability to satisfy and delight
our customers as measured by the Malcolm Baldrige
criteria.

Success and survival for Sandia in the 1990s will
require an efficient, quality enterprise. The next phase of
the quality implementation at Sandia will require
reengineering and simplifying work processes so Sandians
can perform their jobs with less encumbrance and greater
leverage. Work practices should be logical and relevant to
real program or administrative requirements.

Sandia’s work processes will be managed as an integrat-
ed system. As a general rule, continuous improvement is
an effective tool for keeping processes useful and efficient.
However, when processes become so complex or obsolete
that they cannot be substantially improved through
incremental changes, comprehensive redesign is required.
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A laboratory process reengineering campaign will begin
by examining several critical categories of laboratory
processes and recommending fundamental changes.
A modern information and communications infrastruc-
ture will be an enabling tool for process improvements in
all areas.

Business Management

Sandia’s objective is to achieve outstanding business
management in all our administrative systems. We will
strive to meet DOE’s expectations for excellence in
management practices and operate Sandia in accordance
with best business practices to strengthen DOE'’s confi-
dence in Sandia as a well-managed organization.

The DOE Strategic Plan identifies management
practices as a critical success factor.2 It has become clear
that the federal government will insist on more cost-
effective operation of federal research and development
facilities. Cold War practices, which emphasized perfor-
mance at any cost, are not appropriate in a new era that
requires the DOE laboratories to interact with a private
sector that measures performance by industrial standards
of efficiency.

We will incorporate proven business practices from
our parent organization, Martin Marietta Corporation, to
improve Sandia’s management and operation. The
business leadership of Martin Marietta will be an impor-
tant resource as we strive to improve our administrative
systems and emulate cost-effective practices of the private
sector. We will benchmark our administrative systems
against those of industry to identify areas for improve-
ment. In addition, we will promote best business
practices in the DOE contractor community and share
business systems with other laboratories.

We will improve and more fully utilize the matrix
management model for performing work. The sector/
division matrix that currently exists will be better
exploited for that purpose. Under this structure, the
sectors, driven by customer requirements, manage
programs and determine what work must be done and by
what schedule. Functional organizations direct the
personnel and facilities required to perform work and are
held accountable for meeting their commitments to
sectors. Sectors will define an explicit set of external
customer interfaces. Functional organizations will focus
on improving work processes and employee skills.
Program managers and functional managers share
responsibility for customer satisfaction.

Sandia will maintain an in-house capability for the
research and development activities essential to its DOE
missions and will develop the emerging capabilities that

2jbid: p. 34.
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are anticipated to be essential. Other capabilities may be
outsourced to the extent it makes business sense to do so.
As a general rule, we will focus Sandia’s internal invest-
ments on value-added, mission-related capabilities that
are not readily available commercially or from other
government sources.

As we embrace our production responsibilities, both
for DOE’s Defense Programs and for other elements of
DOE, we will structure and conduct the production
aspects of our work in a manner appropriate for a
production enterprise. We will continue to evaluate the
proper relationship of our production activities to the
laboratory as a whole.

We will operate our New Mexico and California sites
as a single laboratory joined by common management
policies, operational principles, and state-of-the-art
telecommunication systems. We will reengineer work
processes and systems that need fundamental retooling
in order to integrate the two sites even more fully in the
future. Because of its compact size, the California site will
be a good environment for pioneering and prototyping
new laboratory operational systems.

We must strive to achieve compliance with DOE
directives. A graded approach to compliance based on
risk management principles may be helpful in minimiz-
ing the impact on mission capabilities. In cases where
DOE directives impose costly or ineffective processes, it is
in the interests of DOE and Sandia to examine the
requirements of the directive and propose an alternative
that can achieve the intent more effectively and efficient-
ly. The DOE Directives Improvement Project, a joint
effort of DOE and its laboratories, has been very success-
ful in reducing onerous and inefficient directives. This
team effort should continue as we work with the recently
established DOE Directives Management Board in the
future.

DOE is one of Martin Marietta’s most important
customers, representing a core business area of the
corporation. We will strive to reflect credit on our parent
organization through exemplary programmatic perfor-
mance, high ethical practices, and faithful execution of
our contract obligations.

People

Sandia’s objective is to achieve mission success
through talented, diverse people working in agile teams.
We will encourage a work environment in which every
employee has the opportunity to achieve personal
success. We will manage staffing levels prudently to
provide for current and future programmatic and institu-
tional needs. We will also be a good corporate citizen by
supporting the economic vitality of our communities and
encouraging community involvement by Sandians.

Our human resources policies must provide the



people and skills best suited to support DOE missions in a
timely manner. To compete nationally for outstanding
technical staff, we must offer challenging scientific and
engineering assignments with civilian as well as military
uses. Support staff will be recruited to meet national
standards of education, experience, and professional
certification (if applicable). Successful human resources
management will help Sandia achieve its long-term
programmatic goals within the context of changing work
requirements and evolving demographic and societal
trends.

Management of human resources at Sandia is consis-
tent with DOE's strategic goals for attracting a well-trained
and highly motivated work force and achieving a
diversity that reflects American society. We will aggres-
sively implement our human resources plan, one that
enhances the ability of our staff to match their interests
and skills to Sandia’s work commitments. As work
requirements change, we will provide employees the
opportunity to grow and to assume responsibilities in
new fields of endeavor.

The challenge of helping the nation accomplish some
of its toughest objectives requires not only the best minds
but also the broadest vision—being able to see issues and
possible solutions from many different angles. The
imperatives surrounding diversity in the workplace
include developing a high-performing, diverse work force
that appropriately reflects society as a whole, and devel-
oping an inclusive culture that fosters such a work force
by embracing differences. In addition, the integration of
work force diversity with education outreach, community
involvement, subcontracting, and technology transfer
will enable us to take a more global approach to achiev-
ing our goals.

Sandia will continue to foster a culture in which
people are empowered to achieve the business objectives
of the laboratories. Each person must understand the
connection of what he or she does to the success of the
business and assume ownership for improving the
processes he or she performs.

We will be responsive to people’s needs and practice
our values in the workplace. The performance manage-
ment and reward systems will be designed to reinforce
these values. We will foster a work ethic that strives for
excellence and incorporates a balance between profes-
sional and personal goals and responsibilities. Criteria for
promotion and reclassification will consider people-
related work skills as well as technical excellence. Career
development and succession planning will also become
responsibilities of line management.

It is Sandia’s policy to foster a progressive and produc-
tive relationship between labor and management. This
will be accomplished by maintaining an open environ-
ment for communication and establishing partnerships
between management and bargaining units to enhance
the utilization of the talents and abilities of represented
employees in supporting Sandia’s missions. We will

resolve issues at the lowest possible level quickly and
effectively.

We recognize that stability and continuity are essen-
tial for sustained excellence in a research and develop-
ment environment. Instability in staffing can impair
employee morale and productivity. We will try to avoid
staffing instabilities through prudent business manage-
ment and by utilizing retraining and redeployment
opportunities wherever possible.

A good corporate citizen is responsible and respon-
sive. As a responsible business, we are committed to
meeting the needs of our programs today without
compromising the welfare of future generations. Being
responsible also means respecting our community—its
values and culture as well as its quality of life. As a
responsive business, we will listen and respond to the
needs and concerns of our community to enable a
partnership in maintaining the community’s quality of
life. The foundation of good citizenship is mutual trust
built on communication and cooperation.

Environment, Safety, and Health

Sandia’s objective is to maintain our enduring
commitment to protect the safety and health of all
Sandians and visitors to our sites. We will be a good
corporate citizen by protecting the environment
wherever we conduct operations.

Our strategy for protecting safety and health in the
workplace and the community and preventing adverse
impacts on the environment will be based on a method-
ology to achieve maximum environmental, safety, and
health (ES&H) benefit cost-effectively. We will perform a
comprehensive identification of ES&H risks associated
with our operations and address those risks in a graded
manner. In this way, optimum value can be delivered for
the resources expended.

Teamwork among employees, customers, suppliers,
and community representatives is essential to successfully
protect the environment and guard personnel health and
safety. Sandia will continue to apply total quality man-
agement principles for all ES&H activities. In addition,
open, timely communication of ES&H concerns,
lessons learned, plans, and status will help assure
appropriate and uniform actions throughout all
Sandia operations.

Sandia’s environmental restoration program will
address environmental problems in a timely fashion,
thereby maintaining public confidence in our ability to
conduct operations without harming the environment.
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5 ® Major Initiatives

This chapter presents initiatives for consideration by
DOE or reimbursable sponsors. Three of Sandia’s major
initiative areas are also core competencies:

¢ advanced manufacturing technology,
¢ electronics technology, and
¢ advanced information technology.

These core competencies contribute to the integrated
capabilities required for DOE's defense, energy, and environ-
mental programs. They represent established roles for
Sandia, and they enable other program contributions and
major initiatives. Sandia’s general effectiveness is contin-
uously enhanced by pursuing progress in these areas.

Sandia has also identified five major programmatic
initiatives or focus areas. Focus area initiatives extend
integrated capabilities to new or emerging programmatic
objectives. Focus area initiatives, which are defined by
the intersection of large-scale, strategic national needs
and established laboratory capabilities, include

 Transportation Energy Technology and Infrastructure,

* Environmental Technology,

Al

¢ Energy Research and Technology Development,
¢ Biomedical Systems Engineering, and
¢ Post—Cold War Defense Imperatives.

These focus area initiatives are logical applications of
our experience base and core competencies. None will
require Sandia to acquire costly new competencies that
have not historically been related to its missions. All offer
opportunities to address strategic national needs cost-
effectively by exploiting the existing federal investment
in Sandias’ core competencies.

Our strategy for implementing all of our major
initiatives, both integrated capabilities and focus areas, is
fourfold:

¢ We will continue to enter into cooperative research
and development agreements with individual
companies to help them address their proprietary
needs.

* Project proposals may either respond to market-

driven needs defined by industry or introduce novel
technologies that have the potential for new classes

of commercial applications.
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* As much as possible, all work will include a high
degree of collaboration with industry, universities,
and other federal laboratories through cost-sharing
arrangements.

* We will help support the research and development
needs of small and mid-level businesses through
special cooperative arrangements and technology
outreach programs.

Some projects may not be able to utilize this strategy
if they involve classified national defense work. However,
even in those cases we will attempt to exploit commercial
capabilities to the extent possible. We will diligently
identify dual-benefit possibilities and help industry take
advantage of them.

In the subsections that follow, we will discuss the
established capabilities, experience base, and laboratory
strengths that make Sandia a valuable and perhaps
unique resource for each major initiative. Also, each
major initiative discussion presents a package of project
proposals for new work or major program enhancements.
Funding and staffing requirements for these proposals are
in addition to the ongoing programmatic funding
summarized in chapter 13.

The inclusion of a particular project proposal under a
major initiative does not imply DOE approval, nor does it
represent a commitment by Sandia to implement it.
However, each initiative represents a strategic commit-
ment on the part of Sandia management. Each derives its
technologies from Sandia’s established core competencies
and is an activity in which Sandia is acknowledged to
have made substantial contributions or significant recent
progress. Moreover, these major initiatives are intended
to implement long-term national and agency goals.

Advanced Manufacturing Technology

As a consequence of its responsibilities in systems and
design engineering, production process development,
intelligent machine research and development, and
oversight of the performance and reliability of nonnuclear
weapon components over the last forty years, Sandia has
become the leader among DOE laboratories for advanced
manufacturing technologies. Manufacturing support
technologies are central to our mission for DOE Defense
Programs and constitute a large fraction of our technolo-
gy base.

The problems facing the DOE nuclear weapons
complex presage those that will be faced by the US
manufacturing community as a whole. The future
operating environment will require manufacturing agility
and cost-effectiveness. We will have to design and
manufacture to the highest standards of quality. Produc-
tion will have to occur in an environmentaily conscious
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manner. The nuclear weapon laboratories must continue
to design for the total life cycle, including retirement,
dismantlement, and disposal or recycling of components
and materials. As a form of deterrence, the complex will
need to demonstrate the capability to get new designs
into production quickly. The complex must be able to
create designs with a minimum of iterations and validate
production processes through simulation. Central to
achieving these objectives will be an effective informa-
tion communication and management system that
integrates the design-to-production-to-disposal process
using teamwork to allow concurrent activities.

DOE cannot accomplish this mission in isolation from
the nation’s manufacturing community. Conversely, the
manufacturing community stands to benefit from DOE
laboratories’ research and development in manufacturing.

The National Center for Advanced Manufacturing
Technology has been established at Sandia/New Mexico
to maximize the value of Sandia’s technology base to the
manufacturing needs of both the DOE nuclear weapons
complex and industry. The center will coordinate its
efforts with other government agencies and laboratories,
universities, and US industry to ensure maximum value
to the nation. The center will also help transfer and apply
advanced manufacturing technologies developed in
Sandia’s defense programs to commercial manufacturing,
helping to strengthen US industry’s competitiveness.
Much manufacturing technology transfer is already
taking place through many cooperative research and
development agreements with industry.

Sandia’s California location is strategically important
to our advanced manufacturing initiative as a point of
contact with the high-technology industries of the West
Coast. The new Integrated Manufacturing Technologies
Laboratory focuses on the development and integration
of advanced manufacturing technologies. It conducts
research and development in materials and processes,
process simulation, engineering design, and manufactur-
ing technology support. It also performs research in
prototype fabrication and demonstration techniques for
agile manufacturing, both for DOE and the domestic
industrial sector. Current work focuses on metal removal
and welding, weld process simulation, composites
fabrication, high-speed communication of manufacturing
data, and on-line monitoring and control.

Many of these activities and initiatives will leverage
our knowledge in much the same way that machines
leverage muscles. Because this initiative cuts across all of
Sandia’s technical capabilities, activities that are of direct
value to and supported by advanced manufacturing also
appear in other major initiatives. Examples include the
recently established National Center for Advanced Infor-
mation Components Manufacturing, a partnership
involving the Advanced Research Projects Agency, DOE,
and industry. Industry requires further developments in
the manufacturing of optoelectronics and flat-panel
displays. This work will be enhanced by activities under



Sandia’s other major thrusts (i.e., Electronics and Advanced
Information Technology and the defense-related initiatives
intended to make the nuclear weapons complex a model of
agile manufacturing).

Project Initiatives

Information-Driven Manufacturing

(for the Assistant Secretary for Defense Programs [pro-
gram GBJ)

Information technology is a means of achieving the
objectives of the modernized DOE Defense Programs
design and production complex and of enabling an
economically competitive US manufacturing infrastruc-
ture. Future DOE manufacturing systems will depend
heavily on a range of computing tools, from design at a
work station to real-time computer control of individual
production processes.

Recent research and prototyping work at Sandia has
demonstrated feasibility of very tight coupling of design
and production processes. Application-specific develop-
ment of information technologies such as networking
and computer science, design analysis, data processing
and storage, information surety, and intelligent produc-
tion systems, processes, and equipment is required for the
nuclear weapons complex.

DOE weapons designers have long used computers to
design products, manage and process data, and analyze
the performance of their designs. Now these methods are
being extended to analysis of the producibility of designs,
to assessment of the environmental consequences of
designs, and to automated generation of the controls and
programs used by the factory production systems. Informa-
tion technologies will permit designs to be validated in
virtual factories before they are approved for release.

In a likely scenario of future manufacturing, designs
will be created at computer-aided design workstations
and their performance evaluated by integrated computa-
tional tools. The same electronic design information will
then be coupled with computer models of production
processes developed through simulation and limited
experimental validation. These models will be available
to product designers for assessment of various producibil-
ity issues. This process/product assessment is termed
manufacturing validation in current literature. Once
designers are satisfied with the design, control algorithms
for production equipment are automatically generated
using the product design database and the computer
model of the process. Automated programming of
production equipment will be an important element of
agile manufacturing. In turn, the plant model permits
real-time control of the process based on information
sensed from process and product.

Such manufacturing systems will make heavy use of
information sciences and technologies; consequently, we
use the term information-driven manufacturing. Infor-
mation-driven manufacturing technologies will make
possible many of the desired attributes of DOE’s nuclear
weapons complex. Weapon system designers will be able
to determine quickly if their designs are manufacturable
with the available production systems. Production
agencies will be able to remove workers from hazardous
operations and, in the process, reduce waste resulting
from contaminated protective clothing. Furthermore,
because much of the design and production expertise will
be embodied in algorithms and software, the cadre of
trained engineers and technicians required to operate the
complex will be reduced without degrading the ability to
respond to national emergencies. These assertions are
based on a review of Technology Assessment and Selec-
tion Panel documents and discussions on future needs for
robotics and automation with panel leaders and manag-
ers of the DOE production agencies.

Sandia and DOE will retain a leadership position in
information-driven manufacturing as a result of this
initiative. These technologies are key elements of US
industrial initiatives in agile and intelligent manufacturing.

Industries of the Future

(for the Assistant Secretary for Defense Programs [pro-
gram GBJ, the Assistant Secretary for Energy Efficiency
and Renewable Energy [program ED], the Assistant
Secretary for Environmental Restoration and Waste
Management [program EW], the Assistant Secretary for
Energy Research [program KC07], and the Assistant
Secretary for Fossil Energy [programs AA, AB])

The challenges faced by US industry in the increasing-
ly global, rapidly changing marketplace that has
developed at the end of the twentieth century are well
recognized. The strategies developed to meet these
challenges will be conditioned by the requirements of
environmental responsibility and constraints imposed by
uncertain access to energy resources, as well as by the
cost and time-to-market demands of the evolving world
market. Technologies that simultaneously address the
challenges of economic competitiveness, energy, security,
and environmental quality will form the foundation of
the emerging manufacturing infrastructure.

This initiative will employ an integrated, interactive
partnership. Integration of government activities and
programs will reduce duplication of efforts, leverage
investments, and obtain the maximum impact possible.
Interaction among government agencies and between
industry and government will ensure the development
and deployment of technologies that contribute to
industry profitability while satisfying federal environ-
mental regulatory requirements. Partnerships or strategic
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alliances of industry, government, and academia will
provide the facilitating mechanisms for technology
development and deployment and will ensure that the
outcomes of this initiative provide significant benefits to
all parties. The primary steps necessary for the effective
implementation of this initiative are (in temporal order):
formation of strategic alliances; identification and
prioritizing of critical national needs; identification of
routes to success; assignment of authority and responsi-
bility for implementation; and development,
demonstration, and deployment of new processes and
products.

Successful implementation of this initiative is expect-
ed to contribute to the fulfillment of national agendas in
economic competitiveness, environmental quality, and
energy security. Capture of additional market share by US
companies should help the United States reduce its trade
and budget deficits and create new jobs. Waste reductions
and energy savings will contribute both to reduced costs
of goods and to improved quality of life for Americans.
Increased industry profits through lower energy costs of
goods and enhanced agility leading to the capture of
larger market shares will improve our economic climate.
Finally, the training our academic institutions will
provide through their participation in this initiative will
yield a higher quality work force more able to undertake
the high-value-added jobs that will make significant
contributions to future US economic well-being. Through
its focus on industries of the future, this initiative will
substantively enhance the value of the US manufacturing
sector.

Environmentally Conscious Manufacturing
(for the Assistant Secretary for Defense Programs [pro-
gram GB] and the Assistant Secretary for Energy Effi-
ciency and Renewable Energy [program ED])

Environmentally conscious manufacturing (ECM) is
the deliberate attempt to reduce the ecologically harmful
by-products of industrial processes and improve energy
efficiency without sacrificing quality, reliability, or
performance. ECM technologies and practices optimize
manufacturing process decisions about cost, resource
utilization, environmental impact, and product reliability
and performance. The end result of ECM is a value-added
transformation of materials and energy into products in a
manner that adds environmental considerations to the
manufacturing process.

Successful implementation of environmentally
conscious manufacturing requires a total systems ap-
proach to very complex problems utilizing engineering,
chemistry, information systems, reliability and risk
analysis, life-cycle analysis, and advanced manufacturing.

Sandia has led the way in practical application of
environmentally conscious manufacturing through an
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integrated systems approach for implementing ECM
processes and demonstrating the benefits of ECM in DOE
programs. In the past, application of a fully integrated
approach has focused on weapon components, including
prototyping systems, providing analysis tools, and
coordinating the first ECM demonstration in the DOE
nuclear weapons complex (electronics and electrome-
chanical component fabrication at Allied-Signal in Kansas
City).

Over the next five years, Sandia will bring the benefits
and techniques of ECM to US industry.

We will develop and demonstrate ECM methods and
technologies with high dual-benefit payoff. Sandia will
develop methodologies for easier ECM implementation,
such as expert-system decision tools to allow consider-
ation of environmental impact in product design and
manufacturing process decisions. Sandia will collaborate
with the Environmental Protection Agency (EPA) to
refine prototype life-cycle analysis tools. We will test
ECM'’s feasibility and complete its development into a
user-friendly tool for industrial use. We will evaluate
available technologies for ECM, identify technology
needs, and initiate programs to develop and provide new
ECM technologies that have been fully tested and
validated (e.g., advanced soldering and cleaning tech-
niques).

We will concentrate on the application of ECM
through collaborative programs with partners from US
industry and other government agencies.

We will develop industry-driven collaborative pro-
grams in ECM with the goal of a track record of successful
government/industry technology transfers. These
programs will emphasize active solicitation of industry’s
needs, measurement of our effectiveness in meeting those
needs, effective dissemination of information on ECM to
industry, and identification of opportunities for transfer
of industrially developed technologies to the defense
complex.

New approaches will be used in these programs,
including expanded use of industry advisory groups and
market research, adoption of performance metrics
accepted by industry, and more active collaboration with
industry trade associations for opportunity assessment
and information dissemination. We will expand the
present work in transferring technology to the microelec-
tronics industry and extend it to other industries (e.g.,
textile, automotive, chemical, pulp, and paper) with
modifications as appropriate. These Sandia programs will
cover technologies such as the following: solvent substi-
tution; soldering (no-clean, lead-free, and advanced
technologies); polymers engineered for reuse/recycle;
“green” printed wiring board fabrication; advanced
process monitoring and control; and replacement of
hazardous materials in surface coating, metal finishing,
and precision machining.

We will initiate new multiple agency collaborative
programs, especially with the EPA and the Department of




Commerce (DOC), to more effectively address regulatory
and technology transfer issues. Programs have been
proposed to integrate EPA and DOE techniques for
process waste assessment and environmental and energy
audits into a single assessment tool. We will collaborate
with the EPA and DOC through the Manufacturing
Technology Centers of the National Institute of Standards
and Technology to evaluate the impact of new ECM
processes to make ECM benefits more visible to all US
industry. We will coordinate with other DOE offices and
DoD to eliminate redundancies and ensure that ECM
technology development is applicable throughout the
complex.

We will establish Sandia as a national ECM resource
by evaluating our current capabilities and developing
them accordingly. We will survey commercial ECM
resources and develop programs in which Sandia can
serve as a focal point, referencing and collaborating with
manufacturers to add the ECM dimension. This work will
increase emphasis on Sandia as a single provider of ECM
technology, including evaluation of alternatives, develop-
ment, feasibility demonstration, assistance in
deployment, and dissemination of information.

New programs will be initiated to focus on coordinat-
ing state and federal resources to deploy ECM
technologies to industry, particularly small businesses. An
example is a proposed joint DOE/EPA/DOC Environmen-
tal Extension Enabling Program in which Sandia will
work with extension entities of the National Institute of
Standards and Technology to identify small business
needs. We will help develop and commercialize technolo-
gies and facilitate technology deployment by training
and providing advisors for the National Institute of
Standards and Technology, state extension agents, and
small businesses. New programs will focus on developing
a complete on-line ECM knowledge base and an electron-
ic ECM-information-on-demand network, improving
ECM education (via a teaching factory at Sandia and
simulation tools for retraining practicing engineers), and
increasing effectiveness of ECM information dissemina-
tion through an extensive outreach program that
includes a speaker’s bureau, videotapes, joint activities
with industry trade groups, workshops and exhibitions,
and a widely distributed Environmentally Conscious
Manufacturing Newsletter.

Advanced Materials and Manufacturing
Technology

(for the Assistant Secretary for Defense Programs [pro-
gram GB])

Two federal government initiatives, the advanced
materials and processing initiative and the advanced
manufacturing initiative, have emphasized the impor-
tance of materials research and technology development.

A —

The intent of Sandia’s advanced materials and manufac-
turing technology initiative is to work with industry to
address its critical needs in the areas of materials synthe-
sis and processing. A long-range objective is to improve
the flexibility of manufacturing processes and facilitate
the application of artificial intelligence to manufacturing
operations by applying tools and concepts of concurrent
engineering and computer-integrated manufacturing.

The reconfiguration of the nuclear weapons complex
will require development of external industrial suppliers
for a large variety of components. Low rates of weapon
production and stockpile retrofits will require the design
agencies to reduce costs for weapons research by develop-
ing and applying new materials and processing
technologies. Such technologies will include computer
design of advanced materials, computer modeling of
materials processing, and development of sensors and
real-time diagnostics for materials processing. These
technologies can cut costs by accelerating the develop-
ment of new materials and processes, and by reducing
the need for prototype hardware. They will enable
product design engineers to work concurrently with
materials process engineers on component designs. They
will permit more rapid prototyping by simulating and
validating process options on computers, rather than on
the factory floor. Moreover, such technologies will
promote computer-integrated manufacturing by furnish-
ing manufacturers with process controllers and process
control software.

Planners of advanced materials and manufacturing
technology have identified several specific activities for
the initiative. These activities include the following:
thermomechanical processing; electromagnetic synthesis
and processing; development of sensors, process diagnos-
tics, and smart materials; synthesis and characterization
of optoelectronic materials; and synthesis, processing,
and characterization of composite materials.

Interaction with industry will be facilitated by the
recently established Advanced Materials and Processes for
Economic Competitiveness alliance of Sandia, Los
Alamos, the Air Force Phillips Laboratory, three New
Mexico universities, and the New Mexico Economic
Development Department, as called for in the DOE
Laboratory Technology Partnership Act of 1992. Industri-
al interns will be centrally located at the Advanced
Materials Laboratory in the University of New Mexico
Research Park.

Intelligent Manufacturing Science and
Engineering

(for the Assistant Secretary for Defense Programs [pro-
gram GBJ)

DOE contractors have found that standard industrial
robots, designed primarily for high-volume manufactur-
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ing, have limited applicability to their operations, which
typically call for small-lot production. However, with a
modified approach to robotics research and development,
intelligent manufacturing systems can be designed that
are specifically applicable to DOE requirements but
incorporate standard industrial robotic hardware. Such
work will advance the capability of robotic tools available
for agile manufacturing in industry.

Sandia’s approach is to eliminate entirely the manual
process of teaching and programming robots. We are
developing algorithmic and software techniques that will
let robotic systems generate their own programs. New
systems based on these techniques will be able to gener-
ate plans of action, program the required devices, and use
sensors and instrumentation to react appropriately to
changes in the workplace. New sensor and model-based
controls are obviating the requirement for precise fixtures
and jigs for piece parts. Real-time sensory capabilities will
permit flexible production systems to have other desir-

able features such as automated compensation for tool
wear, in-process inspection, and automated error detec-
tion and correction.

The Intelligent Manufacturing Science and Engineer-
ing Project will draw upon Sandia’s base of robotics
technology expertise. During the past several years,
Sandia has carried out robotics development for the
Assistant Secretary for Defense Programs, the Office of
Civilian Radioactive Waste Management, and the Office
of Environmental Restoration and Waste Management.
We are currently transferring robotic technologies to
several DOE sites, including Pantex, Mound, Y-12,
Savannah River, Allied-Signal, and Rocky Flats. Further-
more, we are consulting with several other
organizations in the production complex and are
performing research and development in advanced
manufacturing for DOE mission applications.

In many ways, DOFE'’s design and production activities
are a microcosm of the future of commercial manufactur-

The remote Telerobotic Vehicle for Intelligent Remediation (RETRVIR) demonstrated its skills during the ground-breaking ceremony for the new
Manufacturing Science and Engineering Laboratory. RETRVIR was developed by Sandia's Intelligent Manufacturing Science and Engineering
Project.
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ing. The Intelligent Manufacturing Science and Engineer-
ing Project will play a key role in reconfiguring and
modernizing the nuclear weapons complex, and there-
fore offers an opportunity for DOE to help US
manufacturers strengthen their competitiveness.

The initiative will push research in automated
programming and planning, geometric modeling and
reasoning, and high-speed, sensor-driven control—areas
key to the broad application of robotics to DOE prob-
lems. In addition, we will construct prototypes of
advanced systems targeted for specific applications
within Defense Programs. Managers from across the DOE
complex will be consulted regularly on the thrust and
scope of developmental activities. Also, to facilitate
technology transfer, engineers from the DOE produc-
tion plants will help evaluate prototype systems.
Sandia developers will continue active participation as
full-scale production systems are built and brought
into operation.

Virtual Manufacturing Environments

(for the Assistant Secretary for Defense Programs [pro-
gram GB] and the Office of Energy Research [program
KC))

The marriage of two of today’s most advanced
technology fields, virtual reality and advanced manufac-
turing, promises significant advances in the emerging
discipline of virtual manufacturing. The virtual manufac-
turing environment will enable designers and others on a
dispersed product realization team to interact with a
wholly artificial environment constructed of design and
simulation data. This entails sharing and manipulating
high-fidelity simulations and three-dimensional comput-
er-assisted design (CAD) systems in virtual reality space.

Advances in computer and display technologies have
made possible the advent of virtual reality, a system that
makes it possible for a human to feel immersed in a
constructed environment consisting only of computer
displays. In such a system, natural human senses can be
fully utilized in exploring and understanding the data. In
virtual reality space, sound and touch can be important
displays that complement vision.

The most advanced system today is the multidimen-
sional, user-oriented synthetic environment developed and
patented by Sandia researchers. This synthetic environ-
ment is a flexible, modular, device-independent system
that takes data or models and provides a highly interactive
virtual reality environment in which to explore, examine,
and manipulate a user’s data. Data may be real-time or
stored, and may be mapped to represent any variables that
the user wishes to investigate.

Advanced manufacturing is characterized by the
rational use of human and machine intelligence in the
manufacturing process. The integrating factor among
world-class manufacturing systems is information. Ele-

ments of advanced manufacturing include design tools,
process and performance modeling and simulation, sensor-
based processes, intelligent machines, automated assembly,
and flexibility—which comprise what is sometimes called
agile manufacturing. The communications linkages among
all the elements of advanced manufacturing are amenable
to visualization and simulation. By virtualizing every step
of the product realization process, the concurrent team
can design an optimal product, establish the most
efficient (and agile, lean, and clean) manufacturing
processes, prototype the most elegant software, exercise
the simplest operational procedures, and set up the best
implementing organization simultaneously, without ever
hiring a person, building a factory, buying a machine, or
making a physical part.

Virtual manufacturing environments, virtual
reality, and advanced manufacturing converge in the
new paradigm called the virtual interactive environ-
ment work space.

The virtual interactive environmental work space is
the first application package of the multidimensional,
user-oriented synthetic environment, and it contains
many of the common features required to virtualize the
product realization process. Two implementations are
being developed: a single-user work station and a collabo-
rative environment work space.

In single-station mode, the virtual interactive envi-
ronment work space presents the designer or analyst with
a virtual design office. If the site has virtual reality
immersion equipment, the office will appear to be an
actual room but will have information display and
manipulation features that do not occur in physical
space. If the work site has other means of display and
interaction, such as two-dimensional screens or projec-
tion television systems, the same information and the
same manipulation are still available, although total
immersion will not be possible. A three-dimensional
capability is not required; the virtual work space will
work on any system that has the proper graphics and
computational capabilities, independent of any hardware
that inputs or outputs data.

The designer will be able to use voice commands and
various input devices to request that all kinds of electron-
ic data be brought to the design office and displayed
there. For a typical designer of electromechanical prod-
ucts using a three-dimensional CAD system, products will
appear as realistic as the local equipment allows. Simula-
tions that predict the rigors of manufacturing and of
real-world use will be available.

A powerful feature of the virtual interactive environ-
ment work space allows many geographically separated
persons to meet, see each other, share information, and
interact in a virtual meeting room. Each participant will
bring along a private office not visible or accessible to
others. In that private office, the participant will be able
to access all kinds of data and to process and manipulate

it privately.
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Sandian Creve Maples stands by a monitor displaying the solar system as presented by the multidimensional, user-oriented synthetic
environment virtual reality shell, which promises significant advances in the emerging discipline of virtual manufacturing.

Once a display or data need to be shared with other
virtual work space participants, a voice or other com-
mand will allow each person to transfer a display for
others to see and use. When the concurrent team has
reached consensus, the responsible party will download
the final design data for further use, perhaps by an
information-driven manufacturing system. Advanced
communications features will allow many kinds of data
transfer, including virtual participation via prerecorded
video and audio messages to the virtual work space
session.

A virtual video camera feature allows the entire
design, analysis, and simulation session to be recorded
for further use. Such archives will include the actual
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computer data, the design intent, and conversations (if
required). For future DOE projects, the capability of
retrieving archived design sessions will be invaluable. In
fact, retrospective design sessions could be convened for
existing weapons systems, and the opinions and anec-
dotes of the original designers captured and arranged in
hypertext format. By augmenting such sessions with
original drawing data and design information and
analyses, and by including video sessions of assembly and
testing, enough manufacturing information could be
gathered in one place so that future weapons designers
could access and reuse it without having to start from the
beginning. Weapons product documentation could
conceivably be a file cabinet of CD-ROMs.
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Sofia Pastoriza-Nuiiez and Dave Rogers test some of the virtual reality gear developed at Sandia. Virtual reality makes it possible for a person to
feel immersed in a constructed environment consisting only of computer displays.

Advanced Rapid Manufacturing
" (for the Assistant Secretary for Defense Programs [pro-
gram GB])

Advanced rapid manufacturing is the logical
successor to rapid prototyping. Presently, at least
thirty fabrication technologies may be called rapid
prototyping. The most mature and interesting of these
are classified as solid free-form fabrication, which are
additive processes that build solid three-dimensional
parts one thin layer at a time. Included in this class
are the following: stereolithography, which grows
parts from a vat of laser-activated, photo-reactive
polymer liquid; selective laser sintering, in which a

laser melts together particles of plastic or wax to make
solid parts; and direct shell production, also called
three-dimensional printing, which sprays binder
selectively onto ceramic powder to make prototype
parts. Other rapid prototyping processes use combina-
tions or variations of these techniques, or utilize rapid
prototyping processes as intermediate steps (e.g.,
producing wax molds for investment casting by
selective laser sintering).

Since the invention of stereolithography in the
mid-1980s, rapid prototyping has revolutionized the
production of physical prototypes. It is now practica-
ble to design a model in three dimensions on a CAD
system and then have it fabricated in hours or min-
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utes at a rapid prototyping facility. Compared to
machined or cast prototypes made by conventional
means, this procedure can reduce the total procure-
ment time from months or weeks to days or hours.
Dimensional scaling of small models to large size and
vice-versa is routine for fit checks and detailed design
reviews. Additionally, layer-by-layer techniques allow
the fabrication of one-piece, seamless assembiies not
possible with conventional methods.

An important limitation of rapid prototyping
models is existing materials. Most rapidly prototyped
models are fragile or structurally sufficient only for
display, demonstrations, or fit checks. They lack the
strength, wear resistance, and temperature stability of
actual engineering materials. Advanced rapid manu-
facturing refers to the logical next stage in the
development of rapid prototyping, namely the rapid
fabrication of production-quality parts in a similar
time scale. Advanced rapid manufacturing has the
potential to revolutionize manufacturing the way
rapid prototyping revolutionized prototyping. The
Sandia Advanced Rapid Manufacturing Proposal Team
has set a goal of making final-quality parts at least
one-hundred times faster than possible by current
conventional manufacturing. This will involve atten-
tion to each element of the product realization
process, from initial design through physical fabrica-
tion, and the integration of each element by efficient
information flow.

Several rapid manufacturing technologies and
techniques already exist in prototypical form within
Sandia, and it is useful to learn from them. For
example, Sandia’s FASTCAST™ program utilizes only a
few of the elements that advanced rapid manufactur-
ing proposes to use, yet FASTCAST™ has already
reduced the time from design to the first manufac-
tured casting by a factor of ten. In addition,
FASTCAST™ is the core technology of a new consortium to
develop spin-off technology for US industry. One critical
element of FASTCAST™ is the ability of rapid prototyping
to produce very accurate patterns for castings.

A full complement of rapid-response manufactur-
ing and production will be required to support the
nuclear weapon complex vision of a comprehensive
dual-benefit industrial base. This capability to meet
stringent defense needs by advanced industrial
technologies is an exemplar of the dual-benefit
concept. Advanced rapid manufacturing promises to
expand this concept and to speed it up significantly.
Advanced rapid manufacturing aims for an integrated
portfolio of manufacturing technologies (from con-
ceptual design through virtual manufacturing to
physical fabrication) that will meet DOE Defense
Program production needs orders of magnitude faster
than possible today, and at the same time enable US
manufacturers to stay ahead in the competition for
civilian international markets.
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Smart Material Systems
(for the Assistant Secretary for Defense Programs [pro-
gram GB])

Improvements in manufacturing technologies can be
made using smart material systems technology. Smart
materials and structures have the ability to beneficially
respond to internal and external stimulation through
intelligent sensing, processing, and controls. This
technology provides the designer an expanded capability
and new design methodology in the materials and
structures area that can be employed for a variety of
manufacturing tasks, including the design of new
products or manufacturing systems.

First, smart material systems enable a designer to use
lightweight structural systems for high-precision tasks.
Second, smart material systems convey information
about the current structural health of the system and use
this information to adapt and achieve a desired goal.
Third, smart material systems technology facilitates
manufacturing process control via embedded sensors.
Intelligent material and structural systems often involve
flexible structure control problems. These systems have
sensory and actuating characteristics that can respond in
real time to the environment and modify responses to
overcome undesirable and unexpected stimuli. The
solution to such problems is directly related to comple-
mentary technologies in intelligent process control and
intelligent machines.

Cost and time to manufacture can be achieved
through application of smart material systems. This
capability is made possible because of recent advances in
a number of related technologies, including materials,
sensing and actuating, processing, reliable structural
modeling and simulation, and microdevices. It is now
often less expensive to incorporate sensors, actuators, and
computing than to use heavy structures to achieve the
accuracy and precision required for a reliable design or
manufacturing task. It is a requirement of agile manufac-
turing that processes be able to adapt to new families of
design, and this adaptability is inherent in smart material
and structural systems.

To maintain accuracy in precision manufacturing,
operations will require an ability to sense and actively
control the vibration inherent in many procedures. This
use of active vibration control is needed for advanced
lithography machines for semiconductors or flat panels
to achieve the desired precision. Structural systems and
equipment used to produce weapon parts in agile
manufacturing operations will require intelligence and
adaptability. Also required are very accurate modeling
and simulation capabilities to enable virtual prototyping
of weapons, thus avoiding costly hardware iterations. On-
line system identification is required for control of flexible
structural systems, for detection of the onset of chatter and
suppression of vibration, for precision machine tool
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Direct Optical Initiation (DOI) technology was used to develop this optical firing system for future weapon systems. DOI shows dual-benefit

promise for many medical applications.

manufacturing systems requiring vibration reduction, and
other precision cutting or grinding operations.

Other manufacturing applications of smart materials
include the following: embedded sensors to monitor the
cure cycle for composite materials; damage detection and
health monitoring of sensitive structural systems; shape
memory alloys as clamping devices for automated
production line handling to eliminate environmentally
damaging hydraulic clamping systems; process control of
extruded and injected molded plastics; temperature and
wear compensation; precision oscillating equipment; and
nonintrusive sensing of manufacturing process parame-
ters internal to material processing.

Current efforts in the field of smart material and
structural systems by the private sector and other govern-
ment agencies have increased significantly in recent
years. Sandia has a unique opportunity to bring its
resources to bear on a technology of great importance to
this country. Advances in this field require the resources
of an organization that has both breadth and depth in
the individual technologies that make up this multidisci-
plinary field. Such expertise requires the integration of
experimental and analytical research and development in
materials, structures, processing, sensors, and controls, plus
a capability for prototype device development and systems
engineering—skills that are well established at Sandia.
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Manufacturing Energy Conservation
(for the Assistant Secretary for Energy Efficiency and
Renewable Energy [program ED])

Sandia’s work in DOE’s Industrial Waste Reduction
Program is focused on changing the initial processes used
in manufacturing to reduce both the waste generated and
the energy used in manufacturing. This approach has
great potential to help industry because it improves the
entire manufacturing process. Industry supports this
program because of its potential to yield huge savings
and to help protect the environment.

Sandia supports DOE in areas that can enhance
advanced manufacturing, such as industrial waste

reduction and environmentally conscious manufacturing.

Integrating concepts and lessons learned from these
projects into the baseline planning for tomorrow’s
manufacturing programs will enhance US competitive-
ness by making products less costly and more desirable in
worldwide environmental markets.

The waste reduction program has already proved itself
of value to US industry. It is currently industry-driven,
market-based, and cost-shared with industry, and it
leverages investments already made by the federal
government in the national laboratories.

In a parallel effort, Sandia has been coordinating
demonstrations of environmentally conscious manufac-
turing in the DOE weapons complex. Sandia uses an
integrated systems approach that attempts to reduce the
ecological impacts of industrial activity and improve
efficiency of energy use without sacrificing quality,
reliability, or performance. Over the next five years, our
strategy for the program will be to concentrate on the
application of environmentally conscious manufactur-
ing through collaboration and partnership with
industry and by making Sandia a national center for
the methodology.

Specific support is needed to integrate environmental-
ly conscious manufacturing and energy reduction into
the design of advanced manufacturing processes. Known
approaches (such as solvent substitution, materials
conservation, and process monitoring and control) will
be applied where possible. In cases where opportunities
for significant energy conservation present themselves,
new approaches will be developed.

Technology-Based US Product Reliability

Leadership

(for the Assistant Secretary for Defense Programs [pro-
gram GBJ)

DOE and commercial industry have similar require-
ments for high-reliability systems and components.
Meeting these requirements, a serious challenge for the
nuclear weapons complex today, will become a critical
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issue as production downsizes and we move toward agile
manufacturing.

Quality will be vital in meeting sponsors’ expectations
for reliable systems. The key issue will be to achieve high
reliability competitively (i.e., to produce extremely low
fajlure rates while producing the product at the lowest
possible cost).

Two essential components for performance and
leadership are a quality culture and the application of
reliability technologies. Quality culture refers to the values
and principles of individuals and organizations. Reliability
technologies refers to the base of technical competencies
required for a practical, competitive implementation of a
quality culture. This base includes such competencies as
reliability physics, failure analysis, nondestructive testing,
process control, and design for manufacturing.

The military and economic security of the United
States demands that the nation achieve and sustain
competency and leadership in technologies for quality
and reliability. This initiative proposes a multiorganiza-
tional National Center for Ultra-Reliability Engineering
(NCURE). Sandia possesses strong qualifications for
leadership in a cooperative NCURE program. The extreme
consequences of a nuclear weapon failure have required
Sandia to develop and maintain a broad base of expertise
in quality and reliability technologies. NCURE will use
capabilities from the entire DOE complex and will broadly
support US industry and government programs. Sandia will
transfer and disseminate advanced quality technologies.

In addition, NCURE will sponsor quality research and
development in other areas.

Quality in Agile Manufacturing

Strategies will be identified for ensuring high quality
and reliability in the small-lot, high-product-mix envi-
ronment of downsized defense production and agile
manufacturing. We will also define key reliability tech-
nology drivers of the future and pursue related research
and development.

Reliability Technology Leadership in Dual-use
Technologies

NCURE will identify key dual-use technologies and
work with industry to establish and maintain world-class
quality technology capabilities in these areas. For exam-
ple, NCURE will provide concurrent engineering support
for developing advanced electronic technologies such as
flat panel displays, high-speed electronics, and high-
temperature electronics.

Expert Systems

All organizations are susceptible to the loss of valuable
expertise as key technical people retire. This problem has
particularly important implications for DOE because it
has responsibility for nuclear weapons that have service
lives longer than the careers of the original designers. An



important goal of NCURE will be to develop practical
expert-system methodologies to preserve the knowledge
of such individuals.

Concurrent Engineering Practices

(for the Assistant Secretary for Defense Programs [pro-
gram GB])

Sandia has initiated an effort to create in the near
term a process both to build small quantities of replace-
ment weapons and to mobilize quickly for volume
production upon command. This program will develop
processes for weapon product realization in the nuclear
weapons complex to support DOE’s vision of a smaller,
more cost-effective complex to support dismantlement,
stockpile management, and new weapon development. It
is not intended to support direct research and develop-
ment of new technologies for weapon products. Instead,
it tightly couples the product cycle from design through
dismantlement, resulting in efficient, flexible, and
affordable design and production.

The nuclear weapons complex functions with tradi-
tional industrial engineering processes for product
realization. A more modern approach is needed. This
initiative will define and implement concurrent engineer-
ing processes for the realization of weapons.

Concurrent engineering (in the context of DOE
Defense Programs weapons production) is defined as a
process for product realization that improves cycle time
by using teamwork from concept to disposal, with special
emphasis on up-front engineering of all process and life-
cycle requirements. Concurrent engineering offers a
systematic approach to the integrated, simultaneous
design of products and their associated fabrication
processes. This approach is intended to cause weapon
developers to consider all elements of the product life
cycle from concept to disposal, including quality, cost,
schedule, and performance.

To implement this initiative, Sandia will conduct
activities in two major areas. First, an integrated systems
approach will be employed for weapon design and
manufacturing that encompasses the entire life cycle of
weapon components. Building on the Solar Total Energy
Project, Pit Reuse for Enhanced Safety and Security, Focal
Point, and other demonstration programs, the initiative
will focus on a few pilot product realization projects.
These pilot projects will be the vehicles for development
cycle activities.

Specific subsystems and components will be selected
as pilot projects. The two initial candidates will be a
fireset/programmer and the focal point paste explosives
system. The entire integrated approach will be exercised
on these prototypical applications, including systems
management (emphasizing rapid cycle time), design for
manufacturability and cost, process characterization
(focused on feedback to the design process), continuous

improvement of all processes, waste minimization, and
demonstration of industrial partnerships. New pilot
projects will be selected as the new process gains momentum.

The second major area to be addressed is the forma-
tion of multidisciplinary teams to apply concurrent
engineering principles to design, manufacturing, and
dismantlement processes. These teams will include
designers, manufacturing engineers, materials and
process scientists, environmental safety and health
engineers, waste management specialists, information
management specialists, and so forth. By improving the
manufacturability of current nuclear weapon compo-
nents, engineers can generate ideas that may benefit
stockpile and dismantlement activities and achieve better
designs for future production.

A project management approach will ensure that this
inijtiative develops according to planned strategic intent,
that resources are properly aligned with requirements,
and that effective linkages are maintained between
customers and support groups.

Production Readiness Assurance
(for the Assistant Secretary for Defense Programs [pro-
gram GB])

Manufacturing is a crucial component of the defense
technology base and a principal factor in US economic
security. The new weapons procurement strategy calls for
ongoing development of advanced weapon systems to
retain America’s technological edge in military systems.
In contrast to past practice, however, these new weapon
systems may not be immediately produced in quantity.
Instead, the nation will retain the capability to produce
them quickly when needed in response to threatening
world conditions.

This strategy of virtual forces affects the US military’s
ability to maintain a substantive fighting capability and a
credible deterrent in several ways. First, the concept of
readiness will have to be expanded to include the
infrastructure that will create weapons systems. This
infrastructure includes both captive production facilities
and industrial production capacity. These industrial
production facilities will require unprecedented flexibility
to produce a mix of military and nonmilitary products.
The nation will need new methods for monitoring and
assuring the readiness of this large production complex
to meet its critical, time-limited needs in periods of crisis.

Second, accredited production processes are needed
that can operate at low- or no-volume levels for many
years and then be turned on for volume production with
no loss of quality. The technological implications of this
requirement are profound. The manufacturing processes
must be validated to high quality standards with only
small sample sizes. The corporate memory for those
processes must be preserved so that it can be recalled
without a lengthy learning curve. In addition, there must
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be procedures to revalidate (and periodically modernize)
the reinstated processes without lengthy pilot production
runs. These needs are beyond the current state of the art
in manufacturing.

Third, the defense production infrastructure will need
an agility that it does not possess today. If a decision to
rearm should be made, it is likely that modifications to
extant weapons systems will be specified at the same
time. Those modifications will be based on an assessment
of the specific threat to be countered. The engineering
and design functions needed to accomplish these chang-
es will have to exhibit the same agility as the fabrication
systems that produce them. Thus, highly integrated,
paperless, concurrent design and analysis systems will
have to function seamlessly with the rest of the procure-
ment and production infrastructure. It will be a great

challenge to make the agile manufacturing concept a
reality in the defense procurement arena.

These challenges facing defense manufacturing must
also be addressed by DOE, and in some cases the prob-
lems will be even more difficult. The production volumes
of nuclear weapons will almost certainly be quite small,
but the standards for quality will remain uniquely high.
Moreover, the ability to resume quantity production
must be retained. As actual production experience
diminishes, it will become more difficult to sustain
our ability to produce a high-quality product unless
agile manufacturing technologies and practices are
available and have been demonstrated. DOE must
become a leader in integrated engineering, design, and
production in order to meet its responsibilities in the
twenty-first century.

Funding Requirements for Initiative Project Proposals in
Advanced Manufacturing Technology
(Dollars in Constant FY 1994 Millions; Personnel in FTEs)

Year 1 Year 2 Year 3 Year 4 Year 5
Information-Driven Manufacturing
Operating 4.0 5.0 8.0 12.0 18.0
Capital Equipment 1.0 2.0 2.0 2.0 1.0
Total Cost 5.0 7.0 10.0 14.0 19.0
Direct Personnel 15 20 30 45 60
Agile, Clean, Energy-Efficient Manufacturing
Operating 8.0 16.0 24.0 35.0 37.0
Capital Equipment 2.0 4.0 6.0 5.0 3.0
Total Cost 10.0 20.0 30.0 40.0 40.0
Direct Personnel 35 70 100 165 170
Environmentally Conscious Manufacturing
Operating 10.0 15.0 20.0 25.0 25.0
Capital Equipment 2.0 4.0 5.0 4.0 3.0
Total Cost 12.0 19.0 25.0 29.0 28.0
Direct Personnel 25 30 50 55 55
Advanced Materials and Manufacturing Technology
Operating 10.0 10.0 15.0 15.0 20.0
Capital Equipment 5.0 10.0 10.0 10.0 5.0
Total Cost 15.0 20.0 25.0 25.0 25.0
Direct Personnel 40 40 60 60 60
intelligent Manufacturing Science and Engineering
Operating 6.0 10.0 15.0 15.0 20.0
Capital Equipment 1.0 2.0 20 2.0 1.0
Total Cost 7.0 12.0 17.0 17.0 21.0
Direct Personnel 25 40 50 50 50
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Funding Requirements for Initiative Project Proposals in
Advanced Manufacturing Technology (Continued)
(Dollars in Constant FY 1994 Millions; Personnel in FTEs)

Year 1 Year 2 Year 3 Year 4 Year 5
Virtual Manufacturing Environments
Operating 1.2 2.5 1.8 1.8 1.8
Capital Equipment 1.0 1.5 1.0 0.8 0.8
Total Cost 2.2 4.0 238 2.6 2.6
Direct Personnel 6 10 12 12 12
Advanced Rapid Manufacturing
Operating 5.0 8.0 10.0 10.0 10.0
Capital Equipment 2.0 3.0 3.0 2.0 2.0
Total Cost 7.0 11.0 13.0 12.0 12.0
Direct Personnel 20 35 40 40 40
Smart Material Systems
Operating 2.5 5.0 8.0 13.0 14.0
Capital Equipment 0.5 2.0 2.0 2.0 1.0
Total Cost 3.0 7.0 10.0 15.0 15.0
Direct Personnel 10 20 35 50 50
Manufacturing Energy Conservation
Operating 6.0 10.0 15.0 15.0 15.0
Direct Personnel 10 18 20 20 20
Technology-Based US Product Reliability Leadership
Operating 5.0 10.0 12.5 12.5 12.5
Capital Equipment 1.0 2.0 2.0 2.0 1.0
Total Cost 6.0 12.0 14.5 14.5 13.5
Direct Personnel 25 40 50 50 50
Concurrent Engineering Practices
Operating 8.0 8.0 6.0 6.0 6.0
Direct Personnel 32 32 24 24 24
Production Readiness Assurance
Operating 12.0 25.0 31.0 31.0 31.0
Capital Equipment 2.0 4.0 7.0 7.0 5.0
Total Cost 14.0 29.0 38.0 38.0 36.0
Direct Personnel 50 100 115 115 115
Total, Advanced Manufacturing Technology
Operating 77.7 124.5 166.3 191.3 210.3
Capital Equipment 17.5 34.5 40.0 36.8 22.8
Total Cost 95.2 159.0 206.3 228.1 233.1
Direct Personnel 293 455 586 686 706
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Electronics Technology

Sandia’s electronics capabilities and programs inte-
grate the entire electronic-component realization process
at a single site. Our capabilities in this arena are unique
among US government facilities. We apply our resources
to developing custom components for specialized DOE
and other federal agency applications as well as precom-
petitive technologies for partners in the private sector.

Sandia’s broad-based activities provide a focus for
DOE's response to industry-generated technology road
maps such as those prepared by the Semiconductor
Industry Association and the Optoelectronics Industry
Development Association. In addition, we provide a
direct mechanism for applying university research to
manufacturable electronics products and processes.

Sandia’s Center for Microelectronics Technologies
provides a unique capability for research and develop-
ment relevant to industry. This capability is being
accessed by industry through a five-year, $100 million
cooperative research and development agreement
(CRADA) with the US semiconductor industry SEMA-
TECH consortium, as well as through CRADAs with
individual companies. The center is supported by a
large range of semiconductor and microelectronics
capabilities.

Activities of the center in support of the US semicon-
ductor industry include the Semiconductor Equipment
Technology Center (SETEC), the Contamination-Free
Manufacturing Research Center, and the Equipment
Design Support Center, all joint projects with SEMA-
TECH.

The Center for Microelectronics Technologies con-
ducts joint projection extreme ultraviolet lithography
programs with industrial partners to develop the next
generation of processes and processing equipment. The
center is also the site for developing environmentally
conscious manufacturing and environmentally safe and
healthful procedures for semiconductor manufacturing.
Sandia is working with SEMATECH and US equipment
manufacturers represented by SEMATECH to develop a
semiconductor equipment design center in SETEC.

Sandia’s Microelectronics Development Laboratory is
a 74,000-square-foot facility that includes 30,000 square
feet of clean-room space with 12,500 square feet of class-
1 clean space in twenty-two separate clean rooms. The
laboratory’s design provides maximum flexibility for new
processing equipment and device technologies and is
uniquely configurable to support the joint Center for
Contamination-Free Manufacturing. A large donation of
equipment and technology by IBM provides a state-of-
the-art submicrometer silicon-integrated-circuit research
and development line. The Microelectronics Develop-
ment Laboratory’s equipment supports the total
semiconductor development cycle, including research,
design, fabrication, test, prototype delivery, qualification,
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and technology transfer. These facilities also support
intelligent micromachining and intelligent sensor and
display research, and directly impact electronics packag-
ing and assembly.

Sandia’s Microelectronics Quality and Reliability
Center provides staff and equipment to evaluate and
verify electrical and mechanical properties of microelec-
tronic materials, design, verification, and construction at
the component level. Sandia’s reliability physics and
engineering efforts draw upon materials science programs
that develop basic understanding of failure mechanisms
such as electromigration or stress voiding, defects in
insulators and metallizations, and defects in semiconduc-
tors. Sandia’s National Center for Ultra-Reliability
Engineering program, which focuses on ultra-reliability
in electronics components for nuclear weapons, is
transferring these techniques to commercial electronics
manufacturers.

The Center for Contamination-Free Manufacturing
Research at Sandia was formalized by a CRADA with
SEMATECH in 1992. This center exploits the unique
layout of Sandia’s Microelectronics Development Labora-
tory to conduct experiments to advance semiconductor
manufacturing concepts and use equipment to reduce
contamination that limits the yield of integrated-circuit
manufacturing processes.

The center conducts and coordinates research in cost-
effective, contamination-free manufacturing technologies
involving features as small as 0.2 micrometers and
removal of defects as small as 0.01 micrometers (the size
of bacteria). Research focuses on the effects of chemical
particulates and electrostatic, thermal, and electromag-
netic (including light) radiation contamination on circuit
yield and performance. The center also helps develop the
following: equipment and processes; improved equip-
ment reliability through software quality, ergonomics,
and modeling; and new lithography devices, material
components, and equipment. These activities are an
extension of Sandia’s historic development of the
laminar-flow clean room, which made possible the entire
microelectronics industry.

Sandia was a pioneer in the development of
compound semiconductors. Our Center for Com-
pound Semiconductor Science and Technology
pioneered the strained-layer-superlattice (SLS) material
and such SLS-based devices as pseudomorphic, high-
electron-mobility transistors and circuits, as well as
such semiconductor photonic devices as vertical
cavity surface emitting lasers. In this laboratory
Sandia engineers demonstrated the advantages of
strained-layer superlattices, which today are responsi-
ble for the highest-speed, highest-efficiency, and
longest-lived semiconductor lasers, transistors, and
integrated circuits in the world.

The center supports the full range of theoretical and
experimental activities for solid-state physics, materials
science, crystal growth, device and circuit design, and



fabrication to develop the next generation of compound
semiconductor electronic and optoelectronic devices.
Facilities include capabilities for extensive molecular
beam epitaxy and metal-organic chemical vapor deposi-
tion crystal growth, ion implantation, and electron-beam
lithography in a 6,000-square-foot, class-100 clean room
with state-of-the-art processing equipment.

Sandia’s program for sensor development employs
more than one hundred technical professionals who
extend the state of the art in sensor technologies for
manufacturing and other applications. Unique facilities
include the following: the Microelectronics Development
Laboratory (described above); the Intelligent Machine/
Robot Advanced Sensor and Control Laboratory, consist-
ing of twenty-five different development laboratozies
containing the latest commercially available robots, five-
axis computer-numerically-controlled machines, mobile
platforms, state-of-the-art research robots, and advanced
controllers; the Microsensors Research and Development
Laboratory, including fifteen separate research, engineer-
ing, and development laboratories that fabricate,
package, and integrate new sensors into fieldable sub-
systems; and the Sensor Test and Modeling Laboratory,
which has numerical modeling and equipment character-
ization facilities for environmental, chemical,
electromagnetic, stress, and thermal testing.

The Advanced Manufacturing Processes Laboratory is
a facility for advanced prototype manufacturing housed
in a 100,000-square-foot building featuring equipment
for hybrid microcircuits, thin films, printed circuits,
ceramics, plastics, and rapid prototyping. The laboratory
coordinates its activities with the Integrated Manufactur-
ing Technologies Laboratory at Sandia’s California
facility.

This design center is chartered to focus on reliability
and quality of manufacturing processes through under-
standing and qualification of manufacturing processes.
Particular emphasis is given to automation and robotic
handling through complementary programs in both
software and robotic hardware.

This facility is also a proving ground for custom
sensors for manufacturing processes. Emphasis is placed
on developing new approaches to joining and sealing
dissimilar materials that have particular relevance to
advanced packaging. Collaborations with the Iaccoca
Institute at Lehigh University have led the Advanced
Manufacturing Processes Laboratory to support empirical
investigations of higher-level manufacturing issues such
as control, optimization of material flow, and workspace
organization.

To provide custom designs for its customers, Sandia
has developed an integrated approach to the design of
microelectronic components and systems. As part of
these activities, Sandia writes custom support software for
commercial vendors, which has become the basis for
multiple commercial design packages. Sandia’s integrated
software environment combines circuit-level simulators,

logic-level simulations, and both analog and digital
system-level simulators—with complete verification from
chip to multichip module to the printed circuit board.

Sandia’s capabilities and facilities in electronics are
comprehensive and span the development cycle from
research to manufacturing support. This competency is
certainly unique among US government facilities and is
competitive with the best electronics research and
development facilities in the world. The following
package of initiative project proposals is designed to
exploit these capabilities for maximum benefit to both
defense and civilian needs.

Project Initiatives

Electronics Technology Center
(for the Assistant Secretary for Defense Programs [pro-
gram GBJ)

Electronic components are at the heart of every
weapon system and of many commercial products.
Electronic products range in complexity and sophistica-
tion from the portable radio to very sophisticated
computers, smart bombs, and life-support systems.
Electronics has revolutionized the ways in which the
nation defends itself and has affected nearly every aspect
of our lives. Our automobiles now go 30,000 miles
without needing a tune-up because of electronic fuel
delivery systems and our homes include electronically
controlled appliances, entertainment devices, security
systems, and in some cases life support systems.

Sandia is DOE’s electronics design and test facility. For
more than forty years Sandia has designed manufactura-
ble electronic systems that meet the stringent surety
requirements of nuclear weapons. Sandia’s successful
fulfillment of this mission has created a world-class
capability to design, model, test, and prototype electronic
subsystems. Yet, outstanding as this capability is, it needs
to become even better in order to meet DOE's changing
needs and to enable American industry to compete
globally.

The Electronics Technology Center needs to be
established at Sandia to meet the dual needs of fulfilling
DOE's requirements while providing technologies that
permit American industry to compete globally. The
center would meet these needs by dramatically improv-
ing electronic product realization processes and
technologies. The success of the center would be mea-
sured by its technological capabilities to simultaneously
shorten the concept-to-product development cycle,
reduce development and manufacturing costs, and
minimize the product’s environmental impact through
the production, use, and disposal of life cycle elements.

The near-term focus of the center’s work would be on
improved design and performance modeling tools. At
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present, the best design and modeling tools for electronic
products require an experienced, well-trained designer
and often a significant capital investment in hardware
and software. Even under the best conditions, very few
common ties exist in data input formats among the
various tools. Consequently, the product designer must
enter design data into the initial computer-aided design
file in one format, then reenter the design data in a
second format for circuit electrical performance model-
ing, then a third time for thermal and mechanical
analysis, and a fourth time for circuit board physical
layout for fabrication, and so on.

One initial thrust of the Electronics Technology
Center would develop overlay expert systems that obviate
this costly duplication of effort. These multiple entries
are costly both in the time and talent consumed and also
in the errors introduced and propagated at each data
entry point. These errors often lead to multiple prototyp-
ing and slow the entry of the product to the market,
which could lead to lost market share.

Recently, Sandia designers were able to demon-
strate a dramatic decrease in development cost and
cycle time. They successfully brought a complicated,
high-value defense product from concept to product
without ever building a physical prototype. The
prototype existed only as bit patterns in a computer
memory. The use of such virtual prototyping resulted
in a well characterized design and robust product. The
development period was characterized by rapid design
iteration cycles and tremendous savings in cost and
development time. This work exemplifies the promise
and payoff of this proposed center.

The development and use of advanced product
realization technologies in the Electronics Technology
Center would ensure the Laboratories’ capability to meet
DOE'’s changing needs. This initiative would enable the
delivery of manufacturable designs in much less time, at
a reduced development cost, and with higher product
surety than at any time in the past.

Another thrust of the electronics technology initiative
would be the development of a design assistant to lead
engineers through the concept-to-product cycle. This
computer-based design assistant would facilitate the skilled
engineer'’s use of various tools while simultaneously
augmenting the less skilled engineer’s ability to select and
use the best and most appropriate design tools and
processes. This capability is viewed by many in the
electronics products industries as a key enabler of global
marketing success for American industry. At the conclusion
of this phase of the initiative, the technologies of the
Electronics Technology Center would be a truly dual-
benefit capability to meet DOE needs while providing a
strategic advantage for the nation’s electronics industry.

A subsequent phase of this initiative would operate an
electronics technology center for the dual purposes of
national security and national economic competitiveness.
Response to DOE and ease of access by American industry
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would be the criteria to determine this center’s viability.

This initiative would require partnerships via ad-
vanced manufacturing initiatives in both industrial
consortia and other federal agencies. The National
Institute of Standards and Technology National Informa-
tion Infrastructure initiative and the National Center for
Manufacturing Sciences’ Environmentally Conscious
Manufacturing programs are examples of potential
synergistic relationships.

Center for Microelectronics Technologies

(for the Assistant Secretary for Defense Programs [pro-
gram GBJ)

Microelectronics is a critical technology that pervades
both government and commercial systems. Microelec-
tronics underlies all high-technology areas: from
manufacturing to computing; from transportation to
banking; from education to communications. The
electronics industry, the largest manufacturing sector in
the United States (with three times as many jobs as the
entire domestic automobile industry), is losing market
share to government-subsidized foreign competition.
Foreign competition in microelectronics and photonics
also threatens the security of the United States by
reducing the number of domestic manufacturers of
advanced components critical to modern defense sys-
tems. Under these pressures, the US semiconductor
industry has drawn together in unprecedented fashion.
Recently, the US Semiconductor Industry Association
(SIA) released a technology plan for the US microelec-
tronics industry through the year 2013 that was
assembled by 179 top US semiconductor experts from
industry, government, and universities. The road map
identifies opportunities for government laboratories to
help industry address generic technology needs.

In response to the SIA’s directly stated needs, Sandia
established the Center for Microelectronics Technologies
(CMT) to assist the industry with dual-benefit projects.
This center was created by combining the existing
Microelectronics Development Laboratory (MDL) with a
major donation from the private sector of equipment and
technology valued at over $63 million. The 74,000-
square-foot MDL at Sandia includes 30,000 square feet of
clean-room space with 12,500 square feet of class-1 clean
space in twenty-two separate clean rooms. The IBM
equipment and technology donation provides a state-of-
the-art submicrometer silicon-integrated-circuit research
and development line supporting the total semiconduc-
tor development cycle. The CMT will create a centralized
site in partnership with the US microelectronics industry
and US universities to develop the technologies, the
manufacturing equipment, and the advanced processes
upon which the future of both commercial and defense
electronics depends. The CMT will also train US graduate
students in the most advanced integrated circuit technol-



ogies in the world. A combined advisory board will select
projects that combine teams of researchers selected from
US universities, businesses, and national laboratories with
major industry partners who agree to commercialize the
results. The CMT’s major impacts are on processing
methods and equipment (singled out as critical elements
of this technology in the DOE Defense Programs Critical
Technology Plan) and on US semiconductor manufactur-
ing equipment, another key goal.

The federal government is the major beneficiary of
this work through custom products for government
applications and through support for the domestic
manufacturing base that provides these products.
Industry will benefit through specific projects that will be
cost-shared by government and the private sector. Initial
government support should be $50 million per year and
should grow to $100 million per year in five years, an
increasing percentage of which will be supported by
industry organizations such as SEMATECH through joint
programs,

National Optoelectronics Initiative

(for the Assistant Secretary for Defense Programs [pro-
gram GB])

Optoelectronics will provide the hardware for the
information highways that will carry the United States
into the twenty-first century. Optoelectronic elements
will provide the high-data-rate communication links
between remote manufacturing sites to create the agile
enterprises in the DOE nuclear weapons complex for
cost-effective realization of future weapon systems. Over
shorter distances, optoelectronics will become the means
by which computers communicate with storage and
output devices and even among multichip modules that
will provide the intelligence within computer worksta-
tions in the future.

In the private sector, optoelectronics information
networks will pervade the lives of citizens by providing
access to vast quantities of data for commerce, informa-
tion, education, and entertainment. Information
highways based on optical components may soon
become as critical to our commercial and defense infra-
structure as bridges and highways.

Despite having pioneered the components responsible
for this revolution, the US optoelectronics industry’s
market share is eroding. Japan has increased optoelec-
tronics production from $700 million in 1980 to $32
billion in 1990. During this decade, US producers saw
their world market share decline from 50 percent to less
than 15 percent. If foreign producers establish a domi-
nant position in optoelectronics, it is unlikely that US
producers will ever recapture sufficient market share to
sustain domestic production of these critical enabling
components.

Similar to the US Semiconductor Industry Association

for integrated-circuit technology, the US Optoelectronics
Industry Development Association (OIDA) is creating a
technology road map to chart a course for common
action. OIDA selected five critical areas: displays, optical
communications, optical data storage, optical intercon-
nection and switching, and hard copy output. Because
displays are responsible for half the sales volume of
electronic products, a separate project proposal has been
formulated (see below).

Advances in the four other critical areas depend on
two key competencies: optoelectronic materials and
optoelectronic manufacturing (especially processes and
production equipment). These are areas of particular
strength at Sandia. We propose applying the resources of
the Compound Semiconductor Science and Technology
Center to support a national optoelectronics initiative in
a dual-use partnership with the US optoelectronics
industry.

Optoelectronics manufacturing relies on expensive
facilities with specialized production equipment. Sandia’s
Compound Semiconductor Science and Technology
Center provides the ideal facility at which cost-leveraged
partnerships of US industry, universities, and government
researchers will perform the precompetitive development
of the design tools, processes, and related production
equipment essential for US optoelectronics manufacturers.

An advisory board will recommend projects that
combine teams of researchers from multiple organiza-
tions. These teams will include major industry partners
who will commercialize the results. This initiative will
have major impacts on processing methods and equip-
ment and on manufacturing equipment, which are as
critical for production of optoelectronics as they are for
silicon integrated-circuits.

Emissive Flat-Panel Display Technology Center
(for the Assistant Secretary for Defense Programs [pro-
gram GBJ)

Displays form the critical interface between humans
and the intelligent microelectronic chips that operate
today’s smart systems. These displays will pervade
defense applications from command and control through
design and simulation of components and manufacturing
processes on high-performance computer work stations.
The displays will also have pervasive commercial applica-
tions, ranging from medical imaging to information
systems and home entertainment. Displays are increas-
ingly overlapping technologies needed for multichip
module integration, semiconductor component manufac-
turing, and underlying electronic materials and process
development. Advanced flat-panel displays are predicted
by the Japanese Optoelectronics Industry Trade Develop-
ment Agency (OITDA) and the US Optoelectronics
Industry Development Association (OIDA) to represent a
$20-billion-per-year component market by the year 2000.
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Although the United States pioneered the technolo-
gies responsible for all modern displays, Japanese firms
have captured 95 percent of the global display market
through their concentration of resources on a single
technology: active-matrix, liquid-crystal displays (AML-
CDs). However, AMLCD technology is deficient in the
areas of power consumption, color, brightness, and
ability to operate at video rates. AMLCD technology also
suffers from poor manufacturing yields due to unavoid-
able process complexity because each picture unit (pixel)
must be operated by a transistor. An opening exists for
competing technologies to overcome the market lead of
AMLCD technology. However, to impact global markets,
these technologies must not only demonstrate perfor-
mance advantages but also cost and manufacturing
advantages. A critical weakness of these display alterna-
tives is the lack of an infrastructure of manufacturing
equipment and processes to permit the transition to
volume production. Such infrastructure is beyond the
means of any one institution or corporation and requires
a common, neutral site for cost-leveraged development of
precompetitive technologies.

The US display industry is attempting to leapfrog
AMLCDs by developing a competing emissive flat panel
display technology. Sandia is supporting this effort
through programs in phosphor synthesis and charactez-
ization by evaluating various emitter technologies and by
developing glass sealing and packaging. Facilities for
phosphor and emitter characterization are in place and
being used by Sandia’s industrial partners. Other projects
include low-cost metallization on large-area substrates,
sensors for measuring thickness of dielectrics, modeling
of glass substrate properties during thermal cycling, and
modeling of plasma cells in a plasma color display. These
projects will improve the cost, reliability, and under-
standing of emissive displays, reducing the risk of
manufacturing in a globally competitive environment.

Sandia proposes applying selected elements of its
Microelectronics Development Laboratory (MDL) and
Process Design Laboratory (PDL) to support the develop-
ment of technologies and manufacturing infrastructure
for emissive flat-panel displays. The 74,000-square-foot
MDL at Sandia includes 30,000 square feet of clean-room
space with 12,500 square feet of class-1 clean space in
twenty-two separate clean rooms. The PDL is a 100,000-
square-foot, rapid-prototyping facility to support the
development of the manufacturing infrastructure for
display technologies. Particular programmatic emphasis
is given to automation and robotic handling through
complementary programs in both software and robotic
hardware. This facility also can act as a proving ground
for custom sensors for manufacturing processes. Empha-
sis will be placed on novel approaches to joining and
sealing technologies for dissimilar materials required for
advanced display concepts. Collaborations with the
Iaccoca Institute at Lehigh University on American
competitiveness allow Sandia to support empirical
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investigations of higher-level manufacturing issues such
as control and optimization of material flow and work-
space organization.

Display manufacturing relies on expensive facilities
with specialized production equipment. Sandia provides
the ideal location for cost-leveraged partnerships to
generate the precompetitive infrastructure of design
tools, processes, and related production equipment
essential for US display manufacturers. A combined
governing board will select projects that combine teams
of researchers selected from US universities, businesses,
and national laboratories with major industry partners
who agree to commercialize the results. This display
initiative will have major impacts on processing methods
and equipment and on manufacturing equipment—
which are as critical for displays as for silicon
integrated-circuit production.

The federal government is the major beneficiary of this
work both through custom products for government
applications and through support for the domestic manu-
facturing base that provides these products. Industry will
benefit through specific projects, which will be cost-
shared between government and the private sector.

Electronics Packaging

(for the Assistant Secretary for Defense Programs [pro-
gram GB])

Electronics packaging is a key technology for the US
electronics industry. As packaging requirements have
become more stringent and the number of interconnec-
tions within a system has multiplied, the success of
complex electronic assemblies is increasingly dependent
on the development and implementation of robust
packaging technologies. Because high-reliability electron-
ic assemblies underlie our medical, communication, and
transportation infrastructures, packaging failures can
directly impact individual health and safety, as well as
the national commerce infrastructure. The strength of
advanced electronic packaging can provide US industry
with a competitive advantage over international competi-
tors (as demonstrated by IBM’s mainframe computer
packaging during the 1980s).

Sandia is unique among the national laboratories in
having design and production oversight responsibility for
all electronic components in DOE systems, with the
corresponding responsibility for development, mainte-
nance, and evaluation of packaging technologies. To
meet its mission requirements, Sandia has developed a
broad-based competency in electronics packaging with
the associated infrastructure in facilities and personnel.
Sandia’s capabilities cover the full spectrum of packaging-
related technologies, from fundamental research to
prototyping and evaluation. To meet customer require-
ments, we draw upon a wide range of scientific and
engineering disciplines within Sandia.




Our competency in electronics packaging includes the
following areas:

¢ package prototyping, including single-chip packag-
ing, printed circuit boards, hybrid microcircuits,
multichip modules, high-frequency packaging, and
photonic packaging; )

¢ multichip modules, including deposited thin film,
ceramic, and laminate technologies;

¢ computer modeling, including thermal, mechanical,
and electromagnetic analysis;

¢ materials analysis and synthesis;

e design tools, including design for test, auto-layout,
and design rule checking;

¢ assembly research and development;

e failure analysis and reliability;

¢ qualification;

e test chips and smart substrates;

e three-dimensional packaging;

¢ optoelectronics packaging and interconnects;

¢ mixed-mode packaging; and

flat-panel display packaging.

Sandia conducts packaging-related research and
development for DOE and other federal agencies. Many
projects are ongoing under the work-for-others arrange-
ments:; packaging test methodologies and materials
research for the DoD Reliability Without Hermeticity
Program, advanced packaging development for a minia-
turized DoD synthetic aperture radar and multiprocessor
computer; high reliability packaging for NASA deep space
probes; use of Sandia’s assembly test chip by several
federal agencies for package qualification and package
assembly monitoring; and secure multichip module
design and manufacture for several federal customers.
Sandia also is active in the Advanced Assembly and
Packaging Technology Interagency Working Group, and
was a member of the interagency team that investigated a
recent trade complaint regarding ceramic packaging.

US industry values Sandia’s unique integrated capabil-
ity in electronic packaging. Sandia is working on
electronics-packaging-related cooperative research with
the auto industry for under-the-hood electronics, with
the National Center for Manufacturing Sciences for
advanced printed circuit board interconnect technology,

and with approximately fifty semiconductor and elec-
tronics companies on projects ranging from supplying
test chips for electronic packaging qualification to large-
scale cooperative research and development with
industrial consortia (e.g., the semiconductor industry
SEMATECH consortium). Sandians serve on technical
advisory boards for the packaging programs at SEMAT-
ECH and the Microelectronics and Computer
Corporation and have participated in the development of
packaging road maps for the Semiconductor Industry
Association. US industry recognized the value of our
electronics packaging program through a 1993 Research
and Development 100 award for our assembly test chip
technology.

‘We think that partnerships with universities are
critical to the success of our packaging program. Sandians
have been active on university technical advisory boards
for electronics packaging programs and have served as
mentors and postdoctoral sponsors for students specializ-
ing in electronics packaging. Sandia sponsors
packaging-related research at several academic institu-
tions and is engaged in cooperative packaging-related
research with approximately ten universities.

The broad-based competency in electronics packaging
and the associated infrastructure in facilities and technol-
ogists developed at Sandia since 1949 has served the
nation well by contributing to the mission of DOE and
supporting the missions of other federal agencies. More
recently, the breadth and depth of our competency in
packaging has allowed us to contribute to the nation’s
economic well-being through partnerships with industry.
We are actively expanding the number and scope of
industrial partnerships because such partnerships help us
maintain our competency in packaging for our DOE and
other federal customers while benefiting the nation's
economic competitiveness. To make our packaging
resources more accessible to industry and academe, we
will seek designation of our packaging infrastructure as a
national user facility.

Communications Hardware Development

Center
(for the Assistant Secretary for Defense Programs [pro-
gram GB])

High-data-rate, high-bandwidth communication
devices will pervade future electronics, from compact
computer subassemblies to large terrestrial- and space-
based communications systems. The Electronics
Industrial Association road map predicts that future
integrated circuits and high-density multichip-module
packaging will contain thousands of interconnects
resulting in data rates of tens to hundreds of gigabits p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>