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I SUMMARY

The purﬁose of the Department of Defense Critical Techrologies Plan (DCTP) is to
describe 21 technologies considered essential for maintaining the qualitative superiority of
U.S. weapon systems and to outline an investment strategy to manage and promote the
development of these technologies. The Defense Critical Technologies are the leading edge
of the DoD Science and Technology (S&T) program. While all S&T eifforts are fundamental
to achieving continued improvement in military capabilities, the Defense Critical
Technologies represent those technologies that are likely to set the pace of innovation in the
development of advanced weapon capabilities and the evolutionary modernization of today’s
systems.

This third annual plan is more comprehensive than earlier editions. A new section has
been added to document funding levels for individual Defense Critical Technologies for the
relevant S&T Program Elements (PEs) (Annex A); moreover, the individual detailed
technology plans (Annex B) provide greater detail on specific milestones and technology
objectives, as well as a more comprehensive discussion of related private sector and
non-DoD government programs. The plans also include assessments of international
technology developments and trends.

The 1991 plan reflects a substantially increased level of participation from the
Services. indusiry and interested Federal agencies, particularly in the generation of the
detailed technology plans. The contributions of the Aerospace Industries Association, the
Electronic Industries Association, and the National Security Industrial Association were
particularly valuable. The Departmeit of Energy, the National A~ronautics and Space
Adminisiration, the National Institute of Standa:ds and Technology (Department of
Commeerce), and the National Science Foundation provided extensive information regarding
relevant non-DoD programs and helpful comments on specific technology plans. in addition,
the 1990 Defense Science Board (DSB) summer study provided a solid basis and framework
for this DCTP. A wide range of DoD organizations were also integral to the preparation of
this plan, particularly the Joint Staff and the DSB. The contributions of all are acknowledged.

T A

‘The Secretary of Defense stated his top priorities on several occasions. These
priorities not only recognize the complexities of national security and {uture uncertainties in
the worid, but also provide objectives for research and development i DoD. These priorities
are:

. Quality Personnel

. Technological Superiority

° Efficient Acqaisition

. Robust Nuclear Posture and Strategic Defense
. Versatile, Ready, Depioyable, Sustainable Force
) Continued Maritime Supericrity

° Reserve Forces and Mobilization

° Special Operations Forces

The DDR&E has established three streams that seek to:

1.) Provide for the orderly, evolutionary improvements in weapon systems, their
subsystems, and support systems, such as the training, ;ogistics, and defense industrial base
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infrastructure. These improvements must be responsive to future security threats and
environments. The Services are the primary agents for these evolutionary technology changes.

2.) Generate innovative, highly leveraged breakdirough technology and insert this
technology efficiently into our military capability. Here the Defense Advanced Research
Projects Agency (DARPA) plays a major role, as does the Strategic Defense Initiative (SDI)
grogram, the Balanced Technology Imtiative, and the research organizations of the military

epartments.

3.) Seek ;c_ghnglg%ﬁmx_nmms.(to be played every 5 to 10 years) to sustain long-term
dominance in the technological arms race. Recent examples of such trump cards are stealth
aircraft; older examples include the atomic bomb and the Polaris System. Trump cards bring
about major shifts in how we think about and conduct war,

The S&T program is the principal vehicle for implemerting these three streams. The
Critical Technologies program focuses primarily on stream two, and contributes to streams
one and three. The Critical Technologies program consists of 21 Defense Critical
Technologies. They are listed in Table 1. ’

This year’s planning process confirms the priority placed on these technologies by
DoD in the 1990 Critical Technologies Plan. These technologies were originally selected on
the basis of their contributions to maintaining the superiority of U.S. military weapon
systems, primarily through their leverage on key subsystems. (The Defense Critical
Technologies are discussed further in Chapter II. Brief technology plan summaries are
presented in Chapter III, and the full technology plans are presented in Annex B.)

Tables 2A and 2B below show planned spending levels for the Defense Critical
Technologies in FY 1991 as well as annual budget totals for FY 1992-97. These figures
incorporate relevant funding from the DoD S&T prograim, including the Strategic Defense
Initiative Organization (SDIO), which is a strong contributor to many of the Defense Critical
Technologies. (Defense Critical Technologies funding is summarized further in Chapter IV
and detailed at Annex A.)

The overall funding levels and objeciives for development of the Defense Critical
Technologies reflect the FY 1992 President’s Budget. Recent management attention, including
the 1990 Defense Management Review (DMR) initiated actions, has resulted in a strong
emphasis on support for the Defense Critical Techuologies, an emphasis that is reflected in these
funding levels. Despite the fact that budget constraints will cause overall DoD RDT&E spending
to decline over the coming years, funding levels for the Defense Critical Technologies have
significantly increased in FY 1992 from the FY 1991 budgeted reqt sst and will remain stable or
increase slightly, DoD’s commitmient to the Defense Critical Technologies will remain strong,
The Defense gritical Technologies already represent a substantial focus within the combined
S&T/SDIO technology development budgets, accounting for approximately 35 percent of
projected FY 1992 spending. This share is projected o increase to approximately 40 percent of
the total S&T/SDIO technology development budget by FY 1997. Without SDIO, the percent of
critical technologies for FY92 is approximately 52%, a significant increase over the. FY91
requirement.

DoD recognizes the need to ensure that its S&T resources — and particularly its
Defense Critical Technologies budgets — are focused on high-payoff technologies that meet
the most pressing current and emerging military needs. DoD is conducting an ongoing
appraisal of the Defense Critical Technologies dpro rams to ensure that the Services and
Defense Agencies maintain proper emphasis on developing these technologies and to ensure
that the goals of these programs remain consistent with DoD’s overall S&T needs.

I-2



Table 1 Defense Critical Technologies

1 {Semiconducior Materials & The production and development of ultrta-small integrated electronic devices for
Microelectronic Circuits high-speed computers, sensitive recelvers, automatic control, efc.

"2 | Softwarg Enginaering The %eneraﬁen, maintenance, and enhancement of affordable and rejiable software
in a timely fashion.

3 {High Performance Computing | High performance computing systems having 103 fold improvements in computation
capabiiity and 102 fold improvements in communication capabiiity by 1596.

. 4 1Machine Intelligence & incorporatian of aspects of human “indelligence” into computational devices which
Robotics enabie inteiligent function of mechanical devices.
5 | Simulation & Modeling Visualization of complex processes and the testing of concepts and designs without
i building phniysical replicas. :
' 8 |Pholonics includes uitra~-low-loss fibers and optical components such as switches, couplers,
and multitexers for communications, navigation, etc.

7 | Sensltive Radar Radar sensors capable - f detecting iow-obseivable targets, or capable of non-
cooperativa target classdication, recognition, and/or identification.

8 | Passive Sensors Sensors not needing to emit signals to detect targets, monitor the environment, or
determine ihe status or condition of equipment.

i 9 | Signal & image Processing Combination of computer architecture, algorithms, and microelectronic signal pro-

RE cessing devices for near real-time autornation of detection, classification, and track-

i ing of {argets.

. 1Q | Signature Control The ability t¢ control the target signature (radar, acoustic, optical, or other) and there-
by enhance the suivivability of vehicles and weapon syslems.

11 | Weapon System Environment | A detalled understanding of the natural environment (Doth data and modeis) and its
influence on weapons systam design and periomance.

12 | Data Fusion The machine integration and/or interpretation of data and its presentation in conve-

, nient form to the human operator.
L 13 | Computational Fluid Dynamics | The modeling of complex fluid flow to make dependable predictions by computing,
- thus saving time and money previously required for expensive facilities and experi-
T ments.

14 | Air Breathing Propulsion Light-weight, fuel efficient engines using atmospheric oxygen 1o support combus-
tion.

15 | Pulsed Power The generation of repetitive, short-duration, high-peak power pulses with relatively
light-weight, low-volurne devices for weapons and sensors.

16 | Hypewelocity Projecilles & The ability to propel projectiles to greater-than conventional velocities (over 2.0 kmn/

Propulsion sec), as well as understanding the behavior of projectiles and targets at such veloci-
ties,

17 | High Energy Density Materials Corr:\positlons of high-energy ingredients used as explosives, propellants, or pyro-
technics.

18 | Composite Materials Two or more constituent materials that are cornbined together in such a manner to
produca a substance possessing selected properties superior to those of its Individ-
ual components.

19 | Superconductivity Makes use of the zero resistance property and other unique and remarkable proper-

- ties of superconductors for creation of hl%h—performance sensors, electronic de-
’ vices and subsystems, and supermagnet based systems.

20 | Biotechnology The systematic application of biology for an end use in military engineering or medi-
cine,

21 | Flexible Manufacturing The integration of production process elements aimed at efficient, low cost operation
for small, as well as high, volume part number variations, with rapidly changing re-
guirements for end product attributes.
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Table 2.A. Funding for Critical Technclogies (With SDIG)
{Millions Then Year Dollars)

Technology FY FY Fy FY FY FY FY FY FY
19687-91 | 19891 1991 1992 1993 1384 1865 1956 1597
ACTUAL | REQ ACY REQ REQ REQ REQ REQ REQ
T Bemlsonducior M & Microslectronlc Clruuiis 1.555 370 534 a7 481 a7 488 450 510
2 Sofware Erginsaning . L) 118 133 140 148 153 185 156 157
i ; 3 High Pertormance Computing a4 80 108 172 21 213 30 349 350
4 Machine intelligen 2 & Robotics 551 116 162 148 142 1456 144 144 143
§  Simuiation & Modeling 1,250 202 00 34 243 0 336 344 348
6 Pholonics 710 75 167 186 we 180 70 190 173
7 Sensiive faders o0 110 168 198 201 162 188 10 102
& Paashe Sensor 2085 40 428 530 654 523 512 514 500
®  Sinal& image Processing 753 130 22 28 230 22 234 240 28
10 Sigeanse Control =572 “120 «120 109 102 39 g7 88 B8
11 Weapon System Emvironment a2 180 213 232 238 248 249 252 250
12 DalaFusion 288 50 08 108 108 108 08 98 )
13 Computationat Fiuid Mynamics an 55 18 4 o5 % 101 105 108
14 AwrBreathing Propulsion 988 180 227 224 2n 188 180 1| 201
x: 15 Puised Powar 541 95 95 78 78 81 80 20 82
: 18 Hyparveioclty Projectiies & Progision 710 120 153 183 25 201 200 197 108
17 High Energy Densty Materiaa 408 78 82 8e 8¢ 85 ) 58 o
18 Compostte Materials 1.088 170 204 183 197 211 216 224 28
18 Supercondustivity 345 88 ] 58 &1 &4 54 &8 &7
. 20 Blotechnology 7% 100 ga 55 88 ) €0 71 72
21 Fiodbla Manufactuing 105 17 27 % 28 2 3t 32 31
g&a?m'@aglomndlng for Defense Critical Technologies - 151048 » 20094~ 36844 3874 ISTa* 3991 4006*~ {107 §iud**
Projected Tlal Funding for il Tochnalogy Davelopmant Acties - NA o784 9048 19095 11413 179 11801 soses 10842

Table 2.B. Funding for Critical Technolegies (Without SDIO)
(Millions Then Year Dollars)

Technology FY FY FY FY FY FY FY FY FY
1987-91 | 1991 1991 1892 1993 1594 1995 1996 1997
ACTUAL | REG ACT REQ REG REQ REQ REQ REQ

Planned Total Funding for Dafenss Critical Technologies - 10044 | V90 3084 31444+ 3179 3200** 211 33080 3300+
SAT without SOIO
. Pr Tolal Funding for all Technology Development Activities - NA 5324 [ 30.1] 6015 223 6332 $A%% L] L L)
Coet SAT whthowt 3010

* Funding for this Critical Technulogy are unclassified tolals only.
“*Totals do nat include funding for classified Signaiure Control efforts.
ACT - Actual Budgst

REQ - Budget Request
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Based on this ongoing appraisal, DoD may introduce fact-of-life changus into the FY
1993 budget and will provide guidance for the development of the FY1994-1999 FYDP.
While recognizing the need for continuity, DoD will modify the milestones and the budgetary
priorities for individual Defense Critical Technologies to reflect promising new technology
developments and emerging military needs.

This plan consists of five chapters and two appendices. Chapter II discusses how the
emerging security environment affects DoD’s future military needs, describes how DoD)’s
defense téchnology strategy is responsive to these future needs, provides an overview of the
21 Defense Critical Technologies, and describes key attributes of these technologies. Chapter
Il contains brief summaries of each of the 21 Defense Critival Technologies, and Chapter IV
describes DoD’s funding support for these technologies. Chapter V describes the overall
Dob Science and Technology management process. Annex A provides detailed S&T funding
summaries by fiscal year for each of the 21 Defense Critical Technologies. Annex B includes a
description of the selection methodology and detailed technology plans for the 21 Defense
Critical Technologies, including technology milestones and objectives, government and
private sector R&D activities, industrial base profiles, and international assessmernts.



IL TECENOLOGY INVESTMENT PLANNING

Emerging Security Environment Challenges to Dol

In a major address on national security at the Aspen Institute in August 1990,
President Bush underscored the importance of defense R&D: “To cope with the full range of
challenges we may confront, we must focus on readiness and rapid response. And to prepare
to meet the challenges we may face in the future, we must focus on research — an active and
inventive program of defense R&D.”

Based on this mandate and in concert with global political events and military trends,
DoD developed the Critical Technologies Plan provided here.

The following threats still challenge us:

a) The dissolution of the Warsaw Pact as a military organization is
changing the U.S. national security problem; but the Soviet Union
continues to be a potential threat to the U.S. While our national
defense strategy no longer focuses primarily on Europe and the
possibility of Soviet aggression there, we must not discount that
nation as a formidable military force.

b) Second, we must deal with the rapid diffusion of advanced weapon
technologies 1 regional powers, including potentially
unprediciable and ruthiess regimes.

c Growing, teo, is the potential for smaller conflicts, ranging from
violence spawned by narcotics trafficking, to terrorism, and to
insurgencies.

In tandem with this emergi 1g security environment, the United States is likely to face

new resource constraints. DoD plans a 25 percent reduction in active forces in the next five

ears, and procurement outlays are programmed to fali from $79.1 billion in FY 1991 to $71
illion in FY 1996,

All of these factors point to the importance of a strong and stable research and
development posture that is tied directly to our defense strategy, funded appropriately, and
managed effectively.

DoD Science and Technology Strategy -- Responding to the Challenges

Our strategic vision for defense technology takes a twenty-year view as it looks at
three streams of technology:

1) Putting in place a process that provides orderly, evolutionary improvements in
weapon systems, their subsystems, and support systems, such as the training, logistics, and
detense industrial base infrastructure. These improvements must be responsive to future
security threats and environments. The Services are the primary agents for these evolutionary
technology changes.

2) Generating innovative, highly leveraged breakthrough technology and inserting
this technology efficiently into our military capability. Here the Defense Advanced Research
Projects Agency (DARPA) plays a major role, as does the Strategic Defense Initiative (SDI)
program, the Balanced Technology Initiative, and the Services.

3) Seeking technology trump cards (to be played every 5 to 10 years) to sustain

long-term dominance in the technological arms race. Recent examples of such trump cards




are stealth aircraft; older examples include the atomic bomb and the Polaris system. Trump
cards bring about ma[ior shifts in how we think about and conduct war. Steady generation of
such trump cards will assure long term dominance in defense technology for this country.

We need all three — evolutionary improvements, breakthrough technologies, and
trump cards; and we need to manage defense S&T to allow for the development and
application of all three. To do so, our strategy focuses on several themes:

1) Modularity in design and construction of platforms. We do not expect many new
starts of major weapon platforms in the next ten to twenty years. Therefore, we plan on
enhancing the capability and longevity of those systems by designing them with modular
improvements in mind.

2) A systematic program to upgrade key subsystems of existing weapon systems (e.g.,
avionics, propulsion plants, weapons, communications, and countermeasures) as threats
evolve, The wealth of technological opportunities will be exploited for potential applications
to provide superior weapon performance and affordability.

3) A stronger focus on our S&T (6.1, 6.2, and 6.3a) programs to provide the
technology push for future capabilities, and supported by a restructured and modernized
in-house Research, Development, Tesi, and Evaluation (RDT&E) establishment.

4) Producing quality products at an affordable cost by keeping the mainstream of
systemn and subsystem developments evolutionary, while preserving opportunities for
revolutionary, high-leverage, timely improvements.

5) Astronger combination of innovation in technology and in operational concepts by
identifying gnd demonstrating the opportunities for highly leveraged technology insertions
and their interaction with operational innovations.

6) Radical acceleration of the development, introduction, and use of flexibie
manufacturing technology and training technology.

7) Stronger emphasis on an integrated approach to engineering analysis, modeling
and simulation, gaming, prototyping, development, test and evaluation, and net technical
assessment.

8) Forecasted mission needs should influence, in large measure, particular program or
technology developmeut efforts.

One of the primary tools by which we will manage the implementation of this
technology strategy is the Defense Critical Technologies P'an. Each technology identified this
year was selected based on its individual merits. We analyzed how each technology would
contribute to improving military capabilities for a wide range of scenarios of military conflict,
and we selected technologies and the technical objectives for them on the basis of maximum
payoff. The process is described more fully in Annex B. Collectively, these technologies
reflect, one aspect of DoD’s long—-term, consistent approach to S&T.

In 1990, DoD modified several of the technologies (which are reflected in minor title
changes). These changes more accurately describe recent technological developments and
DoD’s current areas of emphasis within these broad technology areas. DoD aiso added a new
technology, flexible manufacturing (not to be confused with the long-standing
Manufacturing Technology (ManTech) Program), to acknowledge the increased importance
of maintaining technological superiority in advanced manufacturing process technologies.

The Defense Critical Technologies Plan %wes us a means to identify and describe these
technologies and to develop and apply them to those military systems and subsystems that will
give us the highest leverage.
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To do this we have taken the list of 21 technologiesand placed them in five clusters (see
Figure 1). The clusters are a manageable way of looking at the vast array of opportunities
available to us. They are a plausible way of organizing for action, a convenient way to
illustrate broad themes. Our clusters also demonstrate the high degree of interdependence
among these technulogies in spite of their diversity. The clusters and their associated
technologies are not unique, but they are useful in providing broad objectives.

Figure 1 Defense Critical Technologies Clusters

Critical Technologies | Computing/ | Sensing Materiais & Energy & infra-
information Manufacturing | Material Flow | structure
. Management
e 1 Semiconductor Materials & ° . °

R Microelectronic Circuits
2 Software Engineering . ) ® ®
3 High Performancs ® ® ® e e
Computing
4 Machine intelligence & ® ° * .
Roboatics
5 Simulation & Modeling ] ] .
6 Photonics ® e
7 Sensilive Radars ] e
8 Passive Sensors ° ®
9 Signal & Image Processing . °
10 Signature Control e ®
__*__: 11 Weapon System . &
» Environment
12 Data Fusion e
13 Computational Fluid ) L) .
. Dynamics
14 Air Breathing Propuision ) .
15 Pulsed Power ® ]
16 Hypervelocily Projectiles & ° e ®
A Propulsion
- 17 High Energy Density . .
Materials
B 18 Composite Materials ® ]
19 Superconductivity . ® °
20 Biotechnology °
21 Flexible Manufacturing ° ]
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The first two clusters are computing/information and sensing. These
embrace technologies that primarily involve the processing,
acquisition, manipulation, synthesis, transmission, simulation and
denial of information. They form the core of advanced C3I,
electronic warfare, target acquisition, and éuidance. The strong
information emphasis in the Defense Critical Technologies
corresponds to the growing importance of information in both
deterrence and modern combat. The ability of the United States to
acquire and effectively use information, while denying accurate
information to adversaries, can help compensate for planned
reductions in U.S. force structure and forward deployed assets.
Moreover, the development of “brilliant” stand-off weapons and
other systems with advanced automatic target recognition
capabilities -~ innovations that are highly dependent upon
continued progress in the information and sensing areas — also wiil
become important force multipliers that greatly enhance U.S.
capabilities to project military power in the coming decades.

Materials and manufacturing processes are critical to DoD’s ability
to translate advanced technologies into high quality, reliable. and
affordable equipment. Regardiess of their potential in the
laboratory, advanced defense technologies cannot eahance military
capabilities unless they are rapidly and efficiently incorporated into
fielded systems. Innovative process technologies are akey to helping
reverse long~term acquisition trends toward escalating unit costs,
lengthening lead times, and increasing difficulties in the
incorporation of technological advances into operational systems.
These trends, if not addressed, have serious implications for the
ability of DoD to sustain its planned force structure in an era of
constrained procurement budgets, as well as DoD’s ability to rapidly
field new systems to counter unanticipated technological
vulnerabilities.

The addition of flexible manufacturing to the 1991 list of Defense
Critical Technologies -~ the only such change this year -~ reflects
DoD’s growing appreciation of the importance of process
technology in the acquisition and support of advanced weapon
systems. Sophisticated flexible design and production techniques
can help in reducing costs, compressing development cycles, and
improving the quality and reliability of advanced military
equipment.

The other technologies in the materials and manufacturing
processes cluster also have a strong process orientation and, as a
group, can have an important impact on imgroving system
acquisition. For example, in software —— which accounts for
approximately 10 percent of DoD’s procurement and O&M budget
— innovations in the generation of reliable and maintainable
software code for sophisticated applications would yield dramatic
procurement savings, eliminate a major source of program delays,
and greatly enhance the reliability of U.S. weapon systems.

In comparison with the other clusters, the energy and material flow
management area :ncludes more system-specific technologies that




are vital to upgrading the performance of existing weapon systems,
as well as less mature technological areas that have the strong
potential to provide “breakthrough” capabilities that are important
to sustaining U.S. technological preeminence into the next century.
For example, the development of advanced aircraft turbine engines,
air-breathing propulsion, more lethal munitions, and high energy
density materials are integral components in DoD’s growing
emphasis on enhancing military capabilities through subsystem
upgrades that incorporate advanced technology. On the other hand,
pulsed power, hypervelocity projectiles, and superconductivity
could lead to radically new weapons or order-of-magnitude
improvements in the capabilities of existing systems.

. Fifth is the broad area of technical infrastructure related to the vast
efforts of DoD to employ the best technology and equipment for
training, logistics, and control. It includes such technologies as
simulation and modeling, information systems, and training
systems.

In summary, the Defcnse Critical Technologies broadly support DoD’s future needs
for enhanced capabilities for acquiring, manipulating, and effectively using information; for
the development of more efficient process and product technologies to improve system
acquisition; and for technologies that contribute to both continual, evolutionary
improvements in the capabilities of major weapon systems, as well as lay the groundwork for
breakthrough innovations to ensure U.S. technological superiority in the coming decades.

Defense Technology Program Objectives
The general objectives are unchanged from last year and are summarized as foliows:

Primary:

s 70 provide the major advances that will permit the timely design,
manufacture, and fielding of advanced weapon :P'stemq ‘and
subsystems, as well as supporting systems for all parts of the military
forces.

Secondary:

. To select and train future leaders and experts irr defense-critical
advanced technology areas; to make them available for downstream
R&D programs;

. To transfer the appropriate technologies to private industry in order

to incrgase international competitiveness.
Supporting ovjectives:
° Effective management of resources (skills, facilities, budgets);

) Protection of scientific and technologicai athicvements from
transier to unauthorized parties;

. Appropriate, elfective, and timely communications within the
Department, and with the Congress, the scientific community, and
industry;

For each of the critical technologies, specific technical objectives for the next ten to
twenty years have been established, with inputs from the Services and the Defense Agencies
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and the help of the Defense Science Board and the Service laboratories. Defense industry
associations also pi+-.:ded their inputs. These are described in Chapter 3 and Annex A.

Critical Technologies Aftributes

Taken as a whole, the Defense Critical Technologies have several key attributes that
are significant for DoD S&T management, including:

. Criticality;

. Continuity;

. Interdependence; and
. Dual-use.

Criticality. The technical achievements planned for the Critical Technologies are
essential for the fielding of superior quality forces in the future.

ity. Except for the addition of flexibie manufacturing, this year’s list of
Defense Critical Technologies is identical to that published in 1990 and has changed little
since the list was first released in 1989. Meanwhile, some technical objectives have been
changed as the result of reported accomplishments and evolving military needs.

Interdependence. In general, progress in any single Defense Critical Technology
depends in part on paraliel advances in a variety of other important technologies. For
example, advanced microelectronic circuits are central to the development of sophisticated
computer architectures. In turn, improvements in computing capabilities are a prerequisite to
desired innovations in simulation and modeling, computational fluid dynamics, signal
processing, data fusion, machine intelligence, flexible manufacturing, and other important
fields, including (to complete the circle) semiconductor electronics., This high degree of
technological interdependence requires a balanced approach to technology development.
Devoting an excessive amount of R&D resources to any single technology or small group of
specific technologies is unlikely to achieve the desired results if such unbalanced efforts
retard the development of supporting technologies.

While the Defense Critical Technologies are highly interdependent, as a group they
are also extremely diverse. Microelectronic circuits, signature control, biotechnolo
materials, and high energy density materials incorporate a broad range of scientific
disciplines and correspond to a wide set of future military needs. Moreover, advances in any
specific Defense Critical Technology require a broad-based, interdisciplinary R&D
approach. For example, unlocking the revolutionary potential of superconductivity requires
the integration of expertise from %elds such as materials science, physics, computer science,
and chemistry. The breadth of the technologies and the diverse expertise required to achieve
advances in any specific technology illustrate the importance of a broad S&T base as a critical
foundation in the development of advanced weapon systems.

Dual-use. Finally, the Defense Critical Technologies shows that modern military
power is largely dependent upon dual-use technologies. Atleast 15 of the 2« Defense Critical
Technologies, in addition to contributing to vital DoD missions, have significant commercial
applications or potential. For example, advances in semiconductor materials Zuc
microelectronic circuits, software engineering, and biotechnology will yield seostantial
benefits to both DoD and the civilian economy. In contrast, only six cf the DoD Critical
Technologies, sensitive radars, signature control, weapon system environment, pulsed power,
hypervelocity projectiles and propulsion, and high energy density materials are largely
militarily unique.
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The importance of dual-use technologies is further illustrated by the extensive overlap
among the Defense Critical Technologies and comparable collections of commercially
oriented technologies. Except for the six military-specific technologies, all of the Defense
Critical Technologies correspond closely to one or more of the technologies highlighted in the
Department of Commerce’s 1989 list of emerging technologies as well as the March 1991 list
of National Critical Technologies compiled by an advisory panel sponsored by the Office of
Science and Technology Policy. Moreover, this convergence of military and commercial
technology is likcly to become more pronounced as advanced weapon systems become
increasingly dependent upon information technologies, which are also vital to a broad range
of commercial and industrial applications.

']
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I, SUMMARY OF DEFENSE CRITICAL TECHNOLOGIES PLANS

This chapter provides brief summaries of the detailed technology plaris for each of the
21 Defense Cntical Technologies. These summaries include a concise description of the
technology area, its a&plication to future military systems, illustrative technology objectives
and milestones, and the potential impact of the technology on the defense industrial base.
Detailed information on these and related issues for each of the Defense Critical
Technologies may be found in the comprehensive technology plans provided in Annex B.

1. Semiconductor Materials and Microzlucironic Circuits encompasses the production
and development of ultra-small integrated electronic devices for high-speed computers,
sensitive receivers, automatic control, etc. The principal component fields of this critical
technology are:

o Very large scale integrated circuits
CAD for complex circuits

High resolution lithography
Analog/digital converters

Power converters

Micro- and millimeter wave sources and amplificrs
Transmit/receive modules and arrays
Signal contiol components

« 2 & ¢

Radiation hard isolation technology

The information processing capability provided by advanced microelectronic devic:s
is truly pervasive in U.S. weapon systems, and is likely to become even more so. The
availability of microcircuit technology continues to have two major effects on the
development of new sysiems. Firsi, the technology makes it possible to extend the flight
control envelope of aerodynamically unstable aircraft, and second the technology allows the
creation of raci-ally new systems, like smart weapons. The systems made possible by this
technology provi:'e a qualitative advantage to U.S, forces by increasing the soldier’s ability to
acquire and : ¢ upen information and to deliver weapcns against the adversary.
“Ultra~small” aiccuizs have allowed a shrinking of the volume of computational capability
required by smart weapons. As these devices have become smaller, the manufacturing
technology required to fabricate them becomes more highly spectalized and requires
continued research and development into processes, equipment, and materials. Much of the
R&D thrust towards higher levels of miniaturization and increased performance is applicable
to both the defense and commercial sectors; however, battleficld requirements for
ruggedness, radiation-hardness, and extreme environments are unique to defense systems.
Research in microelectronic circuits is aimed at achieving several major objectives for
weapon systems. Central to DoD requirements is a need to perform signal processing at
gigahertz speed levels and beyond. This will require components of advanced materials
whose feature sizes are below one-quarter micron. In addition, DoD is developing
ever-increasing levels of integration with the objective of wafer-scale integration of logicand
memory to further reduce system size and cost. Detailed plans for the development of this
critical technology are ir Annex B, on page 1-1.
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2. Software Engineering refers to the generation, maintenance, and enhancement of
affordable and reliable software in a timely fashion. The principal component fields of this
critical technology are:

«  Software and system cngineering processes and environments
e Real-time/fault-tolcrant software

¢  Rcuse and re~cngineering

e Software for paralicl and distributed heterogeneous systems
#  High assurance software

The “smarts” of major defense systems, including weapon systems, information
systems, and scientific/engineering systems, are usually embodied in software. Indeed,
software capability has become a principal determiner of overall weapon systems capability.
In theory, software has enmormous potential power and flexibility. In practice, software
development and management is a cornﬁlex, labor~intensive process, and our software
capability is bounded by the extent to which the complexities in this process can be managed
through attention to process and use of tools. Automated tools, linfed together in sof  ware
and system engineering environmenas that coordinate and manage tool operation, can take
over many of the details of software engineering activity, yielding more cosi-effective
processes and potentially larger and more powerful systems. By 1993, DoD will be making
experimental use of software engineering environment frameworks supporting use of
commercially compatible tools to manage large scale software development. Design of
embedded defense software usually involves management of “real-time” constraints and
deadlines for processing of incoming sensor data and generation of outgoing control signals.
In the presence of unreliable system components, the scftware must be designed in a
fault-tolerant manner. By 1995, DoD> will be demonstrating distributed operating systems
supporting time-constraints and fault-tolerance. Much of the DoD software expenditure isin
post-deployment activity or software logistics. Technology to facilitate management and
re-engineering of existing assets can not only reduce post-deployment costs, but also greatly
facilitate creation of reusable scftware assets such as simulation. The principal opportunity in
reuse is megaprogramming, which is the development and management of DoD software
applications on a component-by-component basis rather than instruction-by- instruction.
Megaprogramming technology includes software component definition and composability
technclogy, software tools and environments supporting component composition, scftware
compcenent libraries, associated capabilities for software elecironic comme.ce, and software
process models supporting reuse. By 1998, DoD will demonstrate the ability to develop
domain-specific systems architectures and reusable components compliant with these
specifications. High performance computing systems of all kinds. including
scientific/engineering systems, embedded systems, and the leading edge information systems,
employ parallel and distributed processing. By 1994, DoD will demonstrate systems software
for survivable distributed and parallel computing. High assurance software technology is
required in the design of safety-critical systems, including most weapon systems, and secure
systems, in which confidentiality and integrity must be assured to a high level of confidence.
By the mid-1990s, DoD will demonstrate highly secure and reliable operating systems,
database management systems, and other related components. In each of these software
technology areas, DoD must work to stimulate commercial development of off-the-shelf
products that can be made vo meet military needs. Detailed plans for the development of this
critical technology are in Annex B, on page 2-1.




3. High Performance Computing - Rapid improvements in the performance and cost
effectiveness of compnter hardware, enabled by integrated microelectronics technologies,
have zg)read computing into all areas of military and civilian life. Perforinance is expected to
exceed one trillion operations per second (teraops) by the mid 1990s as a result of the
Presidential Initiative in High Performance Computing and Communications described in a
supplement of the President’s FY 1992 budget submission. Teraops computing systems will
require billion bit per second (gigabit) neiworks. DoD is fully supporting this initiative in the
DARPA HPC program. The major technology areas are:

o  High performance computer systems

»  Advanced software technology and algorithms
e  High performance networking

e  DBasic research and human resources

& Defense specific technologies

These major technology areas can be characterized as follows: High performance
computer systems developments are in four main areas: research for future generations of
computin % systems, system design tools, advanced prototype systems, and evaluation of eatly
systems. Systems capable of sustaining 0.1 teraops for large problems will be available for
deployment by late 1993 and the teraops systems will be available by 1996. Advanced
software technolo%y and algorithms will cover scalable libraries, programming languages,
and analysis tools Tor scalable parallel sysiems in a workstation/server configuration. High
performance networking technologies will be produced to satisfy the needs for gigabit
networks. These involve interface, protocol, security and multiple types of service over a wide
range of performance characteristics. Basic research and human resources will address long
term national needs for more skilled personnel, enhancement of education, training,
materials and curriculum development in the high performance computin% science and
engineering areas. Defense specific technologies will focus on special needs for embedded
systems such as high density packaging, speciai accelerators, and reaitime fauli-tolerant
systems.

These will provide a critical edge in performance for broad classes of weapons,
command and control systems, and multilayer distributed battle management systems and
simulations such as smart weapons with integrated CI systems, platforms, or elements of
Strategic Defense systems. This initiative will also contribute significantly to civilian
applications such as climate ocean, semiconductor, superconductor, and combustion system
modeling. Detailed plans for the development of this critical technology are in Annex B, on
page 3-1.
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4. Machine Intelligence and Robotics incorporates aspects of human intelligence into
computational devices which enable intelligent function of mechanical devices. The principal
consponent fields of this critical technology are:

s Image undemstanding

e Autonomous planning

¢ Navigation

*  Speech and text processing

¢+  “Machine” leamning

*+  Knowledge representation and acguisition
¢ Adaptive manipulation and control

These systems will help human operators by functioning as decision-making aids. In
the fast~gaced battlefield of the future, intelligent machines will fuse, process, and analyze
data, and present the results almost immediately. By processing huge amounts of data,
machine intelligence can provide more effective tools for effective military intelligence, data
analysis, battle management, timely decision-making, and survivability through distribution
of tasking, machines, and data repositories. A pilot’s associate is being developed which will
provide an Al-based decision aid to significantly reduce the information load on military
pilots by the turn of the century. In addition, machine intelligence and robotics applications
will reduce the need for manpower while improving human response times. Robotics
technology involves controlling complex mechanical devices under the direction of computer
software in response either to fixed assumptions, or dynamically changing requirements. One
example of this type of application is an autonomous robotic ground vehicle or an unmanned
aerial vehicle. DoD will demonstrate artificial intelligence for autonomous weapons and
vehicles by 2005. When combined with other rapidly advancin% critical technologies, such as
passive sensors or high petformance computing, machine intelligence will provide automatic
target recognition capabilities, allow truly effective diagnostic aids, and permit the

evelopment of robotic combat systems. First~generation machine inieiligence systems
already have proven their worth in both defense and commercial applications. Applications
of robotics and intelligent machines in manufacturing environments will result in flexible
manufacturing capabilities, with shortened setup and procuction lead times, greater
industrial surge capabilities, enhanced quality, and reduced acquisition costs. Detailed plans
for the development of this critical technology are in Annex B, on page 4-1.
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5. Simulation and Modeling, computer-based, allows the visualization of complex
processes and the testing of concepts and designs without building physical replicas. The
principal component fields of this critical technology are:

e Iigh-speed graphics
e  Solution of non-lincar equations
*  Simulation verification and validation

Simulation and modeling technology has four major components: computers,
networking, visualization, and software. DoD continues to develop advanced capabilities to
simulate weapon systems and the tactics which most effectively utilize them as computer
capabilities continually increase. This technology can be applied to every major DoD weapon
development program to reduce design aud production cost, shorten development
lead~times, improve performance, improve command and control, and assist in training. By
2001, DoD wilf)attain an order--of-magnitude cost reduction for training and human factors
design. For example, training cost effectiveness can be increased by providing a realistic,
interactive simulation involving tanks, aircraft, and ground personnel. The payoff for
large-scale maneuver simulation, in terms of improved training at reduced cost, is enormous.
For example, SIMNET provides a realistic interactive simulation of tanks, armored personnel
carriers (APCs), fighter/attack aircraft, helicopters, and other systems. Additionally, in
SIMNET newly proposed systems (such as vision devices, antitank wea%ons, and
antihelicopter weapons) can be simulated digitally so that the utility of given technical and
human-centered parameter requirements can be assessed before hardware is built. The use
of simulation and modeling in the systems design process will erhance the operational
suitability and effectiveness of virtua?gzsall human/machine systems, whether being initially
procured or being modified. DoD is also pursuing battle management simulation technology
to evaluate solphlsticated systems in hostile environments. Efforts include development of
environmental and terrain space technology (including artificial intelligence links to
environmental information) , environmental data characterization, and target recognition
based on the environment. During FY 1992, the capability to rehearse carrier-based weapen
system missions will be demonstrated. As the costs and complexity of hardware development
increase, designers in all fields will begin to rely more heavily on modeling and simulation.
Computer modeling has significantly affected R&D programs by providing researchers a
stronger basis for weapon system design and effects €mc ear, conventional, and chemical)

and understanding interactions among low-observables, material.s, and geometries with
electromagnetic radiation. Detailed plans for the development of this critical technology are
in Annex B, on page 5-1.




6. Photonics is the use of light (photons? for the represeniation, manipulation, and
transmission of information, and includes ultra-low-loss fibers and optical components such
as switches, couplers, and multiplexers for communications, navigation, and other
information processing applications. The principal component fields of this critical
technology are:

s Laser devices

«  Fiber optics

+  Optical signal processing
¢ Iniegrated optics

Photonics technology has Jong been used in important niches in both defense and
commercial applications. But it has been only recently that photonics technology developed
the necessary tools and capabilities to bring about revolutionary new applications. By
combining fast, massively parallel techniques with devices possessing high spatial resolution,
photonics can provide order-of-magnitude improvements over today’s conventional
electronic devices. Defense photonics will provide currently unavailable capabilities through
faster, smaller, more reliable, and more survivable systems. The small size, light weight, and
resistance to electromagnetic interference of optical fibers provide major advantages in
avionics, microwave, and communications systems, and will see deployment in the defense
sector over the next decade. As an example, DoD will demonstrate optical signal processing
atarate of 500 million operations Yer second by 1996. Over the next 20 years, photonicsignal
processing devices increasingly will be incorporated into defense sensor, communication, and
mformation processing systems. Photonic processing offers the promise of
order-of-magnitude improvements in processing speed resulting from the natural parallel
architecture and the high switching speeds of optical devices. By the turn of the century, DoD
will demonstrate a 10 gigabit per second local area network. Integrated optics will enhance
weapons capabilities in the areas of automatic target recognition, state-of-health
monitozing, and detection avoidance. Photonics R &D will significantly affect the high-speed
computing defense industrial base through the development of components such as
high-speed lasers, detectors, sensors, interconnect media, and signal routing and control
elem%ntg. Detailed plans for the development of this critical technology are in Annex B, on
page 6-1.
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7. Sensitive Radar refers to those radar sensors capable of detecting low-observable
targets, or capable of non-cooperative target classification, recognition, and/or
identification. The principal component fields of this critical technology are:

Advanced monostatic radar

Multistatic radar

Radars for non-cooperative target recognition and aided/automatic target recognition
Active phased array radar '
Laser radar

Electronic counter countermeasure. .. CM)

Radars will continue as a primary sensor since they provide an all-weather capability
and do not rely on threat emissions. Continued reduction in target observables will
significantly reduce the effective range of existing U.S. surveillance, tracking, target
classification, and weapon guidance systems. Sensitive radars (such as large power aperture
monostatic radar, synthetic aperture radar, bistatic radar, wideband radar, laser radar, and
advanced over-the-~horizon (OTH) radar will be required to handle future advanced low
observable threats, and to provide needed ECCM capabilities. Advances in radar system
components are needed to implement projected sensitive radar improvements. To achieve
this goal, by FY 1993 DoD will demonstrate a 50-100 watt (peak), 10 GHz pulsed power
transistor. Increasing radar sensitivity creates some significant technical challenges. First,
increased sensitivity will require development of frequency generators with increased
stability, systems with increased processing gain, and receivers and analog-to-digital
converters with wider dynamic ranges. Second, increased sensitivity makes U.S. systems more
vulnerable to enemy exploitation, interference by unwanted objects (e.g., birds), and natural
phenomena. For phased array radars, DoD’s objective is to apply advanced, solid~state
distributed active processing and emitter technology, and antenna shapes conformai to
mobile platforms. By FY 1992, DoD will demonstrate an 8—inich active array missile seeker
which integrates guidance and fuse radar functions. DoD is developing laser radar systems for
applications from target detection and tracking to navigation in order to exploit their inherent
advantages, increased bandwidth, smaller size, higher resolution. To demonstrate this
technology, DoD will prototype a laser radar for obstacle avoidance and target detection by
1996, Sensitive radar technology is a major factor in providing a technical edge to U.S. forces
by enhancing detection, localization, classification, identification, and tracking capabilities.
Conventional radars are a well-established commodity for military systems, while sensitive
radar technologies are still in development and there is only a limited industrial base. Both
the conventional and sensitive radar markets are primarily driven by DoD. Detailed plans for
the development of this critical technology are in Annex B, on page 7-1.
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8. Fassive Semsors 4o not necd io emii signals to detect targets, monitor the
environment, or determine the status or condition of cquipment. The principal component
fields of this critical technology are:

Passive scekers

Advanced thermal imagers/IR focal plane arrays

Infrared search and track sensors (IRST)

Diffractive optics

Sensors integration for target scquisition

Advanced passive antennas

Passive RF surveillance

Passive acoustic surwillance

Fiber optic sersors for environmentzl and systems status monitoring and navigation
Superconducting sensors

e & & & & & O 5 & b

Passive threat warning technology provides strategic or tactical alert so that defensive
measures may be taken. These systems incﬁxde radar warning receivers, laser warning devices,
space-based electro-optic systems, and warning of passive electro-optic/infrared (EQ/IR)
guided missiles. The latter is particularly challenging and crucial to maintaining U.S. force
survivability as heat-seeking missiles proliferate. Infrared search and track (IRST) scnsors
scan wide areas in order to detect and track air or ground targets. An airborne for use
against ship targets will be demonstrated in FY 1993. Advanced acoustic sensors are needed
to counter the threat posed by rapid progress in submarine quieting. Multi-band passive
electro-optical sensors can reduce the sensitivity of existing sensors to environmental and
target signature variations. Integrated sensor approaches will allow for multiple functions and
collection of multiple target signatures. Anti-radiation seekers will counter hostile radars and
increase the survivability of U.S. forces by targeting enemy radars. A prototype advanced
microscan receiver for detecting radiation sources will be constructed in FY 1992, Fiber optic
sensors embedded in structures will provide continuous coverage of critical internal variables
(like stress and temperature) to evaluate structural performance. The availability of low cost,
high efficiency IR sensor technology would find wide application in in-situ Frocess
monitoring and conirol, such as real-time temperature monitoring and control of highly

temperature-dependent materials refining applications and alloying processes; monitoring
and control of temperatures during metal machining, sinieiing, and composite curing
operations; and real-time analysis of chemical processes using time-of-fiighi laser
spectroscg)%y. Detailed plans for the development of this critical technology are in Annex B,
on page 8-1.




9. Signal and Image FProcessing technology is the combination of computer
architecture, algorithms, and microelectronic signal processing devices for near real-time
automnation of detection, classification, and tracking of targets. The principal component
fields of this critical technology are:

e  Algorithm development

e Hybrid optical-digital techniques
¢  Control of phased arrays

¢ Anificial neural networks

Application of signal processing technology to weapon systems offers important
advantages, such as reducing operator workload, improving system performance, and
performing new functions, such as autonomous vehicle control. Perhaps the most immediate
enhancements in signal processing and compression can be obtained through the use of new,
very-high-performance aigorithms, such as compactly-supported wavelet structures and the
Gabor transform. Possibly the greatest challenge in signal processing technology is automatic
target recognition {(ATR), where DoD has a major program underway in algorithm
development. The development of advanced ATR capabilities will result in both reduced
operator workload and improved system performance. ATR algorithms have been developed
for infrared search and track systems which scan for aircraft, and advanced algorithms using
spatial temporal techniques will by demonstrated in FY 1992. In reconnaissance and imaging
systems, advanced computer architectures will demonstrate new capabilities in the areas of
image segmentation, feature detection/extraction, and pattern recognition of static objects.
Here, the ability of neural networks to perform pattern recognition 1s being investigated for
synthetic aperture radar, electronic warfare, and anti-submarine warfare. Phased arrays of
sensors are electronically controlled through individual activation rather than mechanical
steering, while the next technical advance is a conformal array, where the phased array is
applied directly to the surface of the vehicle. The demonstration of an airborne conformal
array using digital beam steering control will occur in FY 1994, The most important signal
processing applications depend on advanced, high~-speed, high-throughput processors.
Acoustic ~array and anti-submarine warfare signal processing share a common technology
base and were originally derived from marine seismic techniques for the petroleum industry.
The further development of this technology has significant applications to both the military
and commercial industrial base, such as the ability to recognize handwritten characters for
data entry into computer systems. Detailed plans for the development of this critical
technology are in Annex B, on page 9-1.
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10. Signature Control is the ability to control the target signature (radar, acoustic,
optical, or other) and thereby enhance the survivability of platforms and weapon systems, The
principal component fields of this critical technology are:

o Radar signature (radar cross section) reduction

infrared, visual, and uitraviolet signature reduction and management

Acoustic quigting _

Low probability of intereept raders, communications, and navigation (clectronic emission control)
*  Deceptive signature {(emissions and decoys)

¢ Mapnetic signature control

& Wake signature

[ ]
.

The reduction or control of platform signatures greatly improves survivability,
resulting in improved weapons effectiveness, while in some cases, the objective is signature
enhancement for deception against hostile sensors. This technology area includes the
reduction of the wakes created by moving any vehicle through water or air, and by emissions,
such as rocket plumes. The reduction of radar signatures is accomplished by vehicle shaping,
the use of radar absorbing materials to reduce radar echoes, and passive or active
cancellation techniques. For infrared signatures, the reduction is brought about by cooling
and/or heating the vehicle or its emissions and by applying special material for background
matching to reduce detection by passive systems. In addition, there is a requirement to create
low probability of intercept radars, communications, and navigation systems. These programs
apply improved spectrum management capability, sensors, and navigation instruments to
control sensor emissions to assure C31 and navigation, under low—observability operational
cons:raints. Reduction of the signatures of weapon systems significantly affects their design,
support, and effectiveness. Industrial process technologies which are critical to advanced
signature control concepts include: computer-aided design and computer-aided
manufacturing, computer numerically~controlled machine tools, laser and optical hardware,

._ and robotics. New and improved manufacturing capabilities wiil be required to transfer new
g signature control technology materials to sysiem applications that emphasize producibility,
. cost, and performance. Detailed plans for the development of this critical technology are in

. Annex B, on page 10-1.
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11. Weapon Systzm Environment incorporates a detailed understanding of the natural
environment (beth data and models) and its influence on weapon systerm design and
performance. The principal component fields of this critical technology are:

*  Qccan characterization and prediction
¢ Environmental characterization and prediction for path & target area conditions
+ Target environment analysis and scene generation

Because of the increasing sensitivity of each generation of weapon system sensors,
DoD systems, and strategic and tactical operations are increasingly influenced by natural
environmental conditions {e.g., weather, seasons, terrain). The limitations and potential
leverage of environmental factors must be clearly understood to increase existing system
capabilities and performance, or to optimize the design of new systems. Weapon system
environment tech::ology is critical in the selection, development, and operation of superior
weapon systems, for such missions as anti-submarine warfare (ASW), “smart” weapons,
strategic defense, battlefield surveillance, and communications. For example, DoD will
complete a data-driven model for Global Ocean Prediction by 1996. Current smart weapon
systems performance degrades under certain environmental conditions. Integration of
comprehensive environmental knowledge into the logic modules, design, and testing and
evaluation of these systems will increase their effectiveness. DoD will develop integrated
environmental simulator scene %eneration capability for tactical targeting and mission
planning. Tactical weapons, as well as strategic defense, requires excellent understanding of
the IR background as viewed from surface, air and space. Sﬁinoffs from weapon system
environment technology will provide a variety of benefits to the nation. Examples include
marine and atmospheric weather prediction for disaster warning, optimal aircraft and ship
routing, and the utilization of knowledge of the sea for predicting optimal fishing locations.
Remote sensing of the environment will provide insights into crop opiimization; improved
remote detection and weather prediction capabilities will provide advanced warning of
danger over land areas and at sea. Detailed plans for the development of this critical
technology are in Annex B, on page 11-1.
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12. Data Fusion incorporates machine integration and/or interpretation of data and its
presentation in convenient form to the human operator. The principal component fields of
this critical technology are:

&  Theoretical foundations

¢ Algorithm and model development

e Data and knowledge base for fusion processing
*  Development of reasoning systems

With the increasing speed and complexity of battle, DoD has recognized the need to
integrate data obtained from disparate sensors to yield information about the location,
movement, and types of targets. Data fusion technology includes data processing techniques
for a wide range of military applications from sensor cueing to cockpit display integration to
battle management. This technology will be part of military systems from simple weapons to
large-scale information processing applications. As U.S. operationgi “octrine evolved to
stress deep attack and interdiction capabilities, a concurrent dem» . was created for
information describing the location, movements, and intentions o. ¢ gets beyond the
performance of conventional sensors. Programs will be initiated by 130D to meet this
demand. To more fully meet the data needs of modern battle management, DoD will
demonstrate at-sea fusion of land-based and ship-borns sensor data by 1995. The most
complex aspect of fusion technology is dealing with uncertainties associated with data, The
evolution of automated correlation and reasoning systems dealing with data and contextual
information opens new possibilities for partitioning functions beiween human and machine,
resulting in demonstration of multi-hypothesis reasoning in 1994, DoD research in data
fusion will result in improvements to C3I systems by providing the basis for information
processing and sensor management which is critical to surveillance activities, advanced
“smart” weapon systems, and the design of advanced computer-supported command centers.
High-speed, low-cost, reliable techniques for data fusion are of growing importance to
automated manufacturing in the defense and non-defense sectors. Real-time process
control, sensor-directed cells and workstations, and robot and effector manipulation are
three examples of DoD data fusion initiatives aimed at manufacturing products faster and
with higher quality. Detailed plans for the development of this critical technology are in
Annex B, on page 12-1.
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13. Computational Fluid Dyramics (CFD) is the modeling of complex fluid flow to
make dependable 'Yredictions by computing, thus saving time and r .ney previously required
i

for expensive facilities and experiments. The principal component fields of this critical
technology are:

Computations of unsicady acrodynamic regimes
Hypersonic flow solutions

Turbulence modeling

internzl flows

Pre~processing (geomety and grid generation)
Validation of CFD codes

Because the equations which govern fluid flow cannot be solved analytically, except
for the simplest cases, computational techniques are used to solve the equations via
numerical procedures on high-speed computers. Of interest to DoD is the ability of CFD to
assist in the development of improved flight vehicles, ocean vehicles, air-breathing engines,
and weapons including armor and anti-armor warhead design. This technology is a design
tool, much like a wind tunnel, to increase the performance and effectiveness of aircraft, ships,
missiles, and hypersonic vehicles. As an example, by 1994 DoD will demonstrate full
3~dimensional Navier-Stokes wing analysis, extending to unsteady aeroelastic analysis in
1996. CFD is essential to the design of hypersonic flight vehicles at speeds above Mach 8,
where ground test facilities are limited. Additionally, CFD will be used to rapidly identify
promising design concepts before wind tunnel tests are conducted, thus significantly reducing
system development time. By 1996, the cagability to model a complete submarine propulsor
system will be demonstrated, assisting DoD in searching for the most effective design
configuration. Overarching all of CFD technology is the problem of validation of the codes,
recanizing that even the most complex codes are still only approximations. Massively
parallel computing architectures and algorithms will produce a huge increase in CFD
capabilities over current supercomputers. CFD has proved to be a powerful tool for the U.S.
aerospace industry for design modification and problem solving in both military and
commercial programs. Its use in the design of next-generation aircraft is expected to help
ensuic the international competitiveness of the dornestic indusirial base. Detailed plans for
the development of this critical technology are in Annex B, on page 13-1.
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14. Air-broasiiing Propulsion represents the developroent of light-weight, fuel efficient
engines using atmospheric oxygen to support combustion. The principal component fields of
this critical technology are:

»  High pressure ratio, lightweight compression systems
Iigh~temperature, improved life combustion systems

High-efficiency, highly loaded turbines

Reduced signature, multi-functional nozzles

Aduptive, survivable, high-speed integrated control systems

High-speed, high-tcmperature mechanical systems

Operationally reaiistic, environmentally valid technology demonstrations
Seramjet combined cyele technology development/derionstration
Advanced fuels/systems for hypersonic applications

s @& =& & &

Since their introduction in the 1940s, gas-turbine engines have ra%idly evolved,
resulting in substantial improvements to performance, fuel economy, and reliability. Turbine
engine performance improvements provide the keystone to continued superiority in all DoD
aircraft and cruise missile programs, as both upgrades to existing platforms and power
sources for new platforms. The Integrated High Performance Turbine Engine Technology
(IHPTET) program is a three-phased effort aimed at doubling gas-turbine propulsion
capability by the turn of the century. This program aims to advance the technology for
turbofan engines get aircraft), turboshaft engines (helicopters), and expendable platforms
{cruise misstles). Other air-breathing propulsion systems necessary for present and future
progiams include ramjet/supersonic com@ustion ramjet (scramjet), combined cycle, and
diesel. Itis probable that hypersonic propulsion (> Mach 5) will use an air-breathing system,
such as a scramjet engine. This high-speed regime poses a new and different series of
problems in aerodynamics, engine design, and grcpuls:on/airframe integration. In order to
advance propulsion technology, R&D will be required into new materials, reduced
signatures, anc survivable control systems. These technology developments are leading to
“smart engines”, which will be capable of actively monitoring and reacting to internal engine
conditions to maximize overall performance. Aircraft gas~turbine technology provides
militarily superior engines with applications for military and commercial engines, and thus
supports domestic competitiveness for the civilian aircraft industry. Advances in materials,
design, and aerothermodynamic techniques can be expected to contribute significantly to a
wide spectrum of the military and commercial industrial base and continue U.S, preeminence
in the air-breathing propulsion technology base. Detailed plans for the development of this
critical technology are in Annex B, on page i4-1.
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15. Pulsed Power technology is the generation of repetitive, short~duration, high~peak
power pulses with relatively light-weight, low-volume devices for weapons and sensors. The
technology encompasses techniques for conversion, storage, pulse-forming, and
transmission of electrical energy. The principal component fields of this critical technology
are: :

Energy storage
Power switching
Conditioning circuits
Power sources

High power microwave

Pulsed power technology is required for directed energy weapons (DEW), kinetic
energy weapons (KEW), and ground- and space-based identification and surveillance
systems. Weapon systems like KEW use hypervelocity projectiles for long-range
en%agements, and rapid firing rates for anti~missile and anti-armor defense. In addition,
pulsed power is also essential for other systems such as laser radars, ultra-wideband radars,
and nuclear weapon effects simulators. Energy storage systems often consist of large,
high~voltage, high-current capacitor banks that have a modular design. For military
applications, energy storage systems must have high energy densities (kJ/Kg) to reduce system
weight. In the near term (FY 1992), DoD will demonstrate energy densities to 10 kJ/kg from
an inductive system, and in the longer term, DoD will demonstrate energy densities to IMJ/kg
by 1997, thus paving the way for high-performance directed energy weapons. This would also
meet the requirements for the most advanced hypervelocity electro-magnetic guns, with
velocities of >20 km/sec. Significant improvements are required in opening and closing
switch technology for transferring the power from the guls’e forming network to the various
weapon system loads. This technology requires a high repetition rate using plasma, solid

state, and magnetic elements. Detailed plans for the development of this critical technology
are in Anncx B, on page 15-1.
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16. Hypervelocity Projectiles and Propulsion technology is the capability to propel
projectiles to greater-than-conventional velocities (over 2.0 km/sec), as well as
understanding the behavior of projectiles and targéts at such velocities. The principal
component fields of this critical technology are:

s  Projectile design
+  Projectile propulsion
¢ Projectile-target interaction

Hypervelocity projectiles provide more penetrating and destructive capability against
armored targets, have an increased range, and a decrcased time of flight. Applications are
anti-armor systems {e.g., tanks, artillery), air defense systems, and theater or straiggic missile
or re-entry vehicle intercept (both endo- and exo-atmospheric) systems. Propulsion systems
that are being investigated include electromagnetic (EM) guns (ratlguns and coilguns, electro
thermal guns, traveling-charge guns with liqud or solid high-energy propellants,
hypervelocity rockets, and explosively—driven shock tubes). New designs of armor-piercing,
rod—sha%ed charges, explosively formed penetrators,and Ioni-rod kinetic energy projectiles
are also being developed. The X-Rod program is to explore the feasibility of an autonomous
or command guided, high-speed kinetic energy penetrator against enemy tanks. DoD will
test prototype projectile designs developed in this program in FY 1994, Developments such
as reactive armor and complex multilayer armors will significantly reduce the effectiveness of
the current antiarmor weapon inventory. The effective range of conventional unguided
anti-aircraft projectiles is limited, because targets can maneuver out of the line of fire during
the projectile’s time-of-flight; however, a hypervelocity projectile’s time-of-flight to the
target is significantly reduced, thereby increasing the weapon’s effective range. For space
applications, the Exoatmospheric Thunderbolt effort inclucﬁzs development of a 56 mm EM
gun, armature, and power system to achieve high velocity projectile launches, with testing of
the prototype system planned for FY 1994. Major R&D efforts exist at the basic and applied
research level; therefore, there is little manufacturing capability at this time. Industrial base
issues arise from specialized material requirements and small, light, inertial guidance and
measurement units. The industrial base is considered sparse because of the lack of maturity
and limited size. The potential for commercial spin-off of EM gun teclmolo%y isin the plating
and welding area. Detailed plans for the development of this critical technology are in Annex
B, on page 16-1.




17. High Energy Density Materials (HEDM) ar¢ compositions of high-energy
ingredients used as explosives, propellants, or pyrotechnics. These compositions contain
high~density stable explosive compounds, binders, i)lasticizers, and other energetic
ingredients, such as metallic compounds. The principal component fields of this critical
technology are: , .

e Explosive applications

s Propellant applications

s Warhcads

e Chemically bound,excited state components
¢  Nuclear isomers

These materials may be able to release up to 10 times the energy nowstored in current
explosive materials and propellants. This is a field of high risk research and speculative
payoff. HEDM propellants provide the means of getting most ordnance items to the target,
and once near the target, provide the means to kill the target. The breadth of systems that will
benefit from HEDM range from strategic missile propulsion, to mines, to conventional
warheads, explosives and propellants. While increases in energy~density are continually
sought, other important parameters include safety, stability, signature, toxicity, and
reliability. One objective of the development program is advanced warhead design with
higher lethality to compensate for increased miss distances, and to allow smaller warheads,
more propellant, and longer ranges. For tank armor, a 50% increase in penetration thickness
is sought, greatly increasing the vulnerable area of the enemy tank. A significant technology
development effort is underway to reduce the signature of tactical missiles, reducing the
danger of observation for the attacker. The goal 1s to develop a propellant with no visible
signature and a factor of ten reduction in infrared signature. To meet these goals, DoD, DoE,
and industry research proirlams must encompass scientific programs in combustion,
detonation physics, reaction kinetics, and synthesis of new materials. The industrial base for
HEDM provides its producis to DoD, DoE, and NASA. Most non-military applications are
related to satellite laurch systems, NASA and commercial space customers, and commercial
blasting agen1ts. Detailed plans for the development of this critical technology are in Annex B,
on page 17-1. '




18. Composite Materials are defined as two or more constituent materials that are
combined together in such a manner as to produce a substance possessing selected properties
superior to those of its individual components. The principal component fields of this critical
technology are:

Polymer (organic) matrix composites
Metal matrix composites

Carbon matrix composites

Ceramic matrix composites

Hybrid composites

Composite materials possess hi&h strength, low weiéht, and are able to withstand high
teimperatuies for aerospace and other applications. Composite materials technology
promises significant improvement for weapons performance, design, and affordability. For
some systems, composites are recognized as the enabling technology required for fulfillment
of demanding thermal, structural, and mechanical requircinicite (such as for the National
Aero Space Plane (NASP), advanced gas turbines, deep submergence vehicies, spacecraft,
ground combat vehicles, and long range cruise missiles). The major objectives for this
technology are to: (1) develop alternative materialsand manufacturing processes that provide
composites and components with improved performance at acceptable cost to meet DoD
mission requirements; (2) incorporate concurrent engineering, design, and producibility into
materials and manufacturing processes; and (3) develop a focused mechanism for
transitioning and supporting new composites rapidly into production applications. Metal
matrix composites (MMCs) are an important emerging technology. DoD’s development of
MMCs will result in a demonstration of matrices for high thermal conductivity and high
temperature applications by FY 1992. Composite materials will be needed to make future
systems most effective in a wide spectrum of vehicle structures, including high-temperature
propulsion systems, hypervelocity vehicles, short take-off and landing (STOL) and vertical
take~off and landing (VTOL) vehicles, as well as for spacecraft, protection against directed
energy threats, and advanced hull superstructures and forms and submarine structures.
Composite materials offer the potential to provide lighter systems that are more agile and
deployable than are possible with conventional approaches. By 2001, DoD will demonstrate
a 25to 50% weight reduction in airframes, land vehicles, and space vehicles. In addition, DoD
is developing damage-tolerant composite materials and hardening concepts for protection of
platforms and weapons systems against operational hazards and advanced threats. Military
demand for high~performance materials in the United States is projected to maintain a
thriving community of advanced materials and equipment suppliers. At present, advanced
materials developed for military applications are expensive relative to the commercial sector.
Detailed plans for the development of this critical technology are in Annex B, on page 18-1.




/

/

/

19. Superconductivity This technology' makes use of the zero resistance property and
other unique and remarkable propefties of superconductors for creation of
high-performance sensors, electronic ices and subsystems, and supermagnet based
systems. The principal component fields of this critical technology are:

*  Low wmperature superconductons (LTS)
Supermagnets
Sensors and electronics

¢ High temperature superconductors (H1S)
Supermagneis
Sensors and electronics

Introduction of superconducting devices offers the potential for reducing drastically
the energy losses and cooling requirements, which in turn make for muc improved
processing speed and packaging density in digital microcircuitry. The frequency selectivity in
analog filters using superconductor elements can not be ap roximateg by other types of
devices. The recently discovered high~temperature su%aercon ucting materials offer er
decreases in cooling requirements, promising the use of liquid nitrogen, rather than heliumas
a coolant, which makes potential ap})ﬁcations much more practical. The challenge in the field
is how to make the best possible (relatively near-term) use of the well established technology
of low-temperature devices {operating at less that 23°K) while resolving the serious
})roblems associated with the use of high~temperature superconductors, which in the
ong~term may be more promising.

The DoD LTS program covers electric drive system for ships, electric generators,
magnetic energy storage systems, electromagnetic guns and catapults, microwave and
millimeter wave generators, analog communication and surveillance slystem components, and
digital clectronic subsystems and systems, including analog-digital converters, cross-bar
switch, cache~-memories and digital signal processors. Many of these LTS developments will
endure, but they will also serve as prototypes for later HTS a;})’plications which use transition
temperatures as high as 125°K or possibly above. While the HTS devices impose lesser
refrigeration penalties, problems of brittleness, crystalline anisotorphy, corrosion and bulk
current density still require extensive development. The DoD plan for FITS materials aims at
the fundamentals in the development of bulk conductors for magnets, thin—film sensors and
electronics, together with the associated manufacturing processes.

Superconductor applications will resultin higher performance sensors and electronics
for the military and recﬁlc_gd weight, volume and power requirements. Electromagnetic
propulsion of ships and projectiles may become practical through the introduction of HTS
devices. Detailed plans for the development of this critical technology are in Annex B, on
page 19-1.
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20. Biotechnology is the systematic application of biology for an end use in engineering
ot medicine with many porential defense applications. The principal component fields of this
critical technology are:

¢  Processes
¢ Materials
¢ Sensors

Because of the discovery and exploitation of biological mechanisms that control living
organisms, it is now possible to engineer microbial, plant, and animal celis to act as factories
for the synthesis of existent or new materials at substantially enhanced rates and efficiencies.
Biosynthesis of new enzymes, which are biological catalysts, offers the prospect of developing
new pathways for synthesis or degradation of chemicals. The DoD is constantly pressing the
foretront of materials technology, both because of the severe working environments and the
need for extremely high reliability, Biotechnology may offer an attractive means for
producing new classes of materials, at low cost, with the added strategic advantage of using
non-petroleum—based feedstocks. The cost of developing some new materials is also likely to
decrease when they are produced biologically because of the potential for producing
“generic” materials that may be easily modified at the molecular level without the need to
develop a new manufacturing scheme. Biosensors have extremely high selectivity and
sensitivity, exceeding anything obtainable by non-biological sensors. The objective of the
DoD sensor effort is to discover the basic principles used by living-system sensors and exploit
them in designing new sensors. Advanced, antibody~based sensors for real-time detection of
chemical and biclogical agents will be demonstrated in FY 1993. Bioprocesses have the
intrinsic advantage of requiring far less energy and therefore can be considerably less costly.
They are also less environmentally damaging and proceed with greater speed, specificity, and
selectivity than do conventional processes. Additionally, recombinant DNA technology can
be used to tailor organisms to perform specific tasks or to manufacture products that would be
difficult or costly to obtain using conventional methods. Basic research efforts in
decontamination technology are aimed at developing generic approaches to design of
enzymes for catalytic degradation of broad classes of chemical warfare agents. There is a
great need to be able to develop enzymes rapidly and inexpensively that will exhibit high
activity for new chemical agents. FY 1995 is the target for meeting this goal. Testing of
protective coatings and camouflage creams using existing enzymes is expected ic be
completed by FY 1993, This effort has been accelerated significantly during 1990 to meet the
demands of the Persian Gulf War and a number of new materials will be producedinFY 1991.
Detailed plans for the development of this critical technology are in Annex B, on page 20-1.




21. Flexible Manufacturing is the integration of production process elements aimed at
efficient, low cost operation for small, as well as high volume part number variations, with
rapidly changing requirement for end product attributes. Manufacturing involves people,
equipment, materials, information, and controls acting together to transform materials mto
products. The principal component fields of this critical technology are:

#  Product data definition for antomated manufacturing
*  CAD/CAM/CAE/CAPP

o Databeses and database management

¢ Communications and networking

s Intelligent software interfaces

One of the key merits of flexible manufacturing is the ability to operate efficiently at
variable production rates, to expand rapidly and e:?ﬁciently to higher output levels, to
accommodate reasonable changes in the output product specifications. Success hinges upon
the reliable insertion of automated and flexible information (storage, processing, and
retrieval) into the translation of design concepts, engineering, detailed designs, and the many
diverse mechanical and other processes involved in manufacturing. The DoD technology
development plan comprises standards for definition of product data, design of integrated
computer aided design-engineering-manufacturing process planning and control, data
management, and communications.

The impacts on DoD’s future are seen as increased abili*y to accommodate, at
affordable cost, the rapidly changing needs for prototyping. small production runs, and
potential expansion to large~volume production. Changes in ti:2 manufacturing processes,
caused by introduction of new design specifications or improved materials will be
accommodated without expensive redesign of the whole manufacturing process. Industry will
benefit from the standardization implied by the DoD program so that the diverse computer
aided processes will be increasinglycompatible and adaptable to integration at the single, and
perhaps the multi-plant, levels. The need for upgrading personnel skills in order to achieve
the best possible task distribution between human operators and production equipment will
be addressed by both DoD and industry developmental activities. The training of
semi-professionals in designing and operating highly automated systems will also benefit.
Detailed plans for the development of this critical technology are in Annex B, on page 21-1.




| \'A FUNDING OF DEFENSE CRITICAL TECHNOLOGIES

The development of advanced defense technologies requires predictable levels of
investment and program support, but aiso the flexibility to make rapid adjustment when
needed. DoD'’s investment strategy is thus designed to provide a strong, sustained approach
to technology development. DoD)’s suppor: for the Defense Critical Technologies reflects
this consistent, long~-term commitment.

‘Tables 2A and 2B in Chapter I provide a summary of estimated DoD funding for the
Defense Critical Technologies in the FY 1987-91 period, as well as annual totals for FY
1992--97. These figures present funding from the DoD Science and Technology program and
include the Strategic Defense Initiative Organization (SDIO), as well as a summary not
including SDIO.

DoD research and technology efforts are managed as programs. In fundamental
research, funds for specific technologies are generally readily identifiable. As research comes
closer to application, the focus changes to programs that combine and integrate technologies
to produce items of military utility. Cost accounting programs in DoD are geared to tracking
program costs and are not well suited to tracing costs to technology areas. Further, military
critical technologies by definition impact a wide range of applications. Details of the funding
of Critical Technologies by program element are shown in Annex A.

DobD s planning for incremental, consistent, long-term increases in emphasis for S&T
funding relative to other parts of the RDT&E program. Figure 2 shows that DoD S&T, and
especially funding for critical technologies, fare well in light of the programmed reductions in
Defense RDT&E (shown here without SDI funds). Projected S&T funding will grow from
16% of total DoD RDT&E in the President’s FY 1991 request to more than 22% of RDT&E
in FY 1997. During this same period, critical technologies funding increased from 8% to 12%
of the total DOD RDT&E. It should be noted that these percentages are understated because
classified funding is not included. This demonstrates the commitment we have made to
keeping our S&T program strong.

Figure 3 illusirates that funding for critical technologies grows significantly as a
fraction of S&T, whether or not SDI funds are a part of the picture. In particular, critical
technology funds (excluding SDI} increase from approximately 37% to 52% of S&T. Of
particular note is the emphasis on critical technology support over the last year asshown inthe
following table of budget requests and Congressional tunding.

FY 1991 FY 1991 FY 1892
Request Congressional Request
Funding
Critical Technologies as % of S&T 37% 50% 52%
(without SDI)
Critical Technologies as % of 8&T 30% 41% 35%
{with SDY)

Budget Requests and Congressional Funding Ratios
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For FY 1992, the resources for Service-executed evolutionary techmology
developments will be better managed because of the outcome of the Defense Management
Review (DMR). Resources are also adequate for breakthrough, revolutionary technologies,
with DARPA taking the: lead and with contributioas from the Services, the Department of
Energy laboratories, and industry. Funding needs for trump card technologies are more
difficult to characterize. Our goal in this arena must be to foster an environment that allows
and rewards discovery and invention of those new basic science and engineering
developments on which trump cards depend, while fostering high-level management
sensitivity in DoD and the military for their importance and potential.

In line with the White House initiative on High Performance Computing and
Communications, the Defense Critical Technologies Plan contains $232 million for DARPA
{as compared to the FY 1991 base of $183 million) to pursue technical objectives associated
with high performance computing, such as systems, network technology, and enabling
software. This initiative, which is being coordinated by the Federal Coordinating Council for
Science, Engineering, and Technology, is a balanced program to extend our nation’s
leadership in high performance computing and computer communications; to put those
technologies to work for defense as well; and to make these technologies an integral part of
science, technology, and industry. This is an example of the sort of high-leverage
breakthrough opportunity we can capture with the right guidance and resources.

Our overall budget is sound, but we will reexamine opportunities and priorities for FY
1993 budget refinements and guidelines pertinent to the 1994-1999 FYDP. The full impact of
our planning will be felt in FY 1994, as we continue to evaluate our priorities during the PPBS
process and increase emghasis on higher priority programs, using the framework provided by
the Defense Critical Technologies Plan and by further analysis of technical opportunities and
new user needs.




V. MANAGING SCIENCE AND TECHNOLOGY

The objectives of the DDR&E for the DoD S&T prog. 1 qs are:

1. To ensure a strong S&T program that uses to wie full all available
technical opportunities to meet the DoD users’ needs;

2. To ensure that the S&T programs of the DoD are adequately
resourced, with fully adequate resources devoted to the most
important objectives, and with the lesser needs funded on an austere
basis;

3. To ensure that the S&T programs are well managed by the
performers, and that the technical cutput of the S&T programs are
well utilized by the users.

The Defense Critical Technology Plan (DCTP) is an important management tool "
achieving these objectives. In particular the DCT planning process will be used to provide u
clear statement of the S&T program to the DoD Planning, Programming, and Budgetir 2
System. This Statement will be made in terms of technical objectives, of improvements in
military capabilities to be obtained from the use of the technical results, and of the resources
required to achieve the technical results.

The technical program objectives and the desired improvements in mailitary user
capabilities will be set by the DDR&E, with the assistance of the Deputy DDR&E(R&AT),
and the Defense Science and Technology Steering Group. The Services, Defense Agencies
and others will make their contributions through the DS&T Stecring Group.

The Defense Critical Technology planning process will provide continuous
imprevement for the S&T performers by involving military users and outside technical
helpers as needed.

The DCTP and the DCT planning process will contribute importantly to the
Acquisition process. They will do so primarily by providing a detailed but highly structured
description of S&T 1 rogram objectives. This will assist the DAB committees in evaluating the
technical risk of D+ < programs. Another contribution will come from the highly skilled
cadre of technical expenis, managers, and planners assembled by the DS&T Steering Group.
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ANNEX A
CRITICAL TECHNOLOGIES FUNDING
BY
PROGRAM ELEMENT

Tables A~1 and A-2 provide the funding for the critical technologies in each of the
applicable program elements in the DoD Science and Technology program for the fiscal years
1 81 and 1992 respectively.

The Defense bud&:zt is arranged into a large number of program elements (the number
of Séogram elements in the DoD Science and Technology ‘;))rograms is 160in 1991 and 153 in
1992). Each program element is broken down into a number of units, sub~units, etc., usually
ranging from projects to tasks. Each program element represents a cohesive technology area
containing many related activities.

Some program elements support generic technologies, but most are focused on
developing improved military capability and thus encompass a number of technology areas.
(For example, a program element dedicated to improving surveillance and detection on the
battlefield might include optical, iufrared, radar, and seismic technologies. In addition,
funds for basic research are allocated by discipline (such as mathematics, computer science,
physics, electronics, biology, etc.). The funding in Tables A-1 and A-2 was developed by
determinir.g the extent to which the individual tasks were contributing to the development of
one or more of the critical technologies.
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ANNEX B
CRITICAL TECHNOLOGIES
DETAILED PLANS

This Annex provides a comprehensive review of sach of the 21 Defense Critical
Technology Plaus. 'IPhe purpose of these plans is to provide both policymakers and technical
personnel with a concise, yet complete and readable, roadmap for cach of the Defense
Critical Technologies. These summary plans should clarify technological issues and therefore
contribute to an informed policymaking process.

The individual technology plans are the product of a lengthy coordination process
involving the combined efforts of the Military Services, Defense Agencies, the Office of the
Secretary of Defense, the Department of Energy, and three National Laboratories to assess
and identify those technologies seen as critical to the “long term qualitative superiority of
United States weapons systems,” and to set forth plans for their timely development.
Valuable inputs and comments were received from the Defense Science Board, the National
Science Foundation, the National Aeronautics and Space Administration, and the National
institute of Standards and Technology. We especially appreciate the detailed and careful
review of last year’s plan provided by three industry associations, the Aerospace Industries
Association, the Electronic Industries Association, and the National Security Industry
Association. All these inputs contributed greatly to making this a better document.

A, Selecting Critical Technologies

The Critical Technologies were selected on the basis of the criteria listed below. Major
improvements in one or more selection criteria are sought.

Performance Criteria

° Enhancing performance of existing weapons systems

® Providing new military capabilities

Quality Design Criteria

. Contributing to availability, dependability, reliability

® Contributing to weapon systems affordability (lower life cycle cost

through producibility, maintainability, etc.)

Multiple~-Use Criteria

L Pervasiveness in major weapon systems

* Strengthening the defense industrial base.

The selection process started with a consideration by a group of technical experts,
representing all major DoD and DoE components sponsoring science and technology
activities, of numerous candidate critical technologies. Each candidate critical technology
vas broken down into “technology sets” which were further refined by including (or
excluding) specific technical activities. Each candidate critical techrology so defined was
measured against military payoffs and the selection criteria listed above. This year’s selection
process had the advantage of two years of experience, plus the benefit of other critical

technology planning efforts (such as ones by the Defense Science Board, by the National
Critical Technologies Panel chaired from the Office of Science and Technology Policy, by the

B-1




Department of Commerce, and by industry associations such as the Aerospace Industries
Association), Since their selections are remarkably similar, our process this year
concentrated on refining last year’s selection (ieaving most of the critical technology titles
unchanged, but making some changes among the technolofy sets); adding one new
technclogy concerned with the integration of other technologies for manufacturing (Flexible
Manufacturing).

A further refinement in the selection process involved assessing the pay-off of the
critical technologies in a wide range of military applications. A matrixmethod was developed
by the group of experts with the active é)arﬁcxpanon of the Joint Staff. This method germits
the assessment process to be carried out in stages, cascading from National Securi
Objectives through various intermediate prioritization matrices to (finally) critical
technologies. (The intermediate stages represent recotﬁnized entities such as Basic Force
Packages, and Mission Areas.) In tkis way each stage of the assessment may be carried out by
the most knowledgeable personnel, for example starting with military planners and ending
with technologists. The systematic participation of such a diversity of experts gives this
method added credibility.

B. Organization of the Technology Plans

This annex contains a detailed plan for the development of each technology. Each
plan is organized as follows:

® Description of Technology: A brief, narrative description of each
critical technology.
* FPayoff: The impact of anticipated technological advances upon the

capabilities of future weapon systems and on the industrial base is
discussed. Adiscussion of the impact of technology development on
logistics is included in this year’s plan.

e S&T Program and Plans: This section provides a summary
description of each plan. To provide the necessary level of detailed
planning information, the elements of the plan are presented in
terms of the components of the critical technology, which are
divided into “technology sets,” which in turn are subdivided into
“technology activities.” (Each CT averages about 25 such activities.)

Obg'lectives are set for the coming budget period (6 years), and

technology development milestones are projected up to a 15-year

time horizon.

. Leveraging Industrial Base Capabilities: Current and projected
industrial base capabilities are addressed in this section. The section
draws heavily upon the recently completed DoD Report to Congress
on the Defense Industrial Base: Crtical Industries Planning, 1990,

. Related R&D in the United States: Technology development plans of
NASA, the National Science Foundation, and NIST are
incorporated here along with summaries of private sector efforts.

o International Assessment: Foreign technological capabilities are
compared in this section. A new feature, added this year, describes

technology trends for nation or groups of nations which have
comparable technological capabilities to the United States. This
section also summarizes existing technology exchange agreements
and international cooperation.
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1. SEMICONDUCTOR MATERIALS AND
MICROELECTRONIC CIRCUITS

A.  DESCRIPTION OF TECHNOLOGY

Since its inception three decades ago, microelectronic circuit technology has been
responsible for the creation of dozens of new industries such as data processing, home
computers, robotics, software, and video games. It has fundamentally altered
communications, education, health care, recreation, entertainment, and work activity. For
the soldier in the field, it has extended the range his eyes can see and his ears can hear.
Microelectronic circuit technology has expanded the ability of his brain to make timely
decisions on a technologically complex batilefield and multiplied the muscle power he can
deliver against an enemy. Because microcircuit technology has affected a wide range of
diverse industries and ca;l)abilities, it is considered critical to the future of our national
economy and our national security.

Microelectronics technology involves phenomenal reductions in the size of complex
electronic circuits. Today, these reductions have made possible complete computer chips that
are no larger than a fingernail. Shrinking electronic circuit feature size results in the ability to
achieve greater circuit densities (circuit elements per area). For example, technolo
advances have quadrupled the storage cegacity of dynamic random access memories (RAM
every 3 years over the past 20 years. Other important benefits achieved with shrinking
ﬁ{;ﬁtromcdcircuit size include lower power demand, higher reliability, lower cost, and very

igh speed.

While microelectronics technology not only strives to make circuit features smaller, it
also works to increase their complexity, This increase in circuit complexity requires extremely
high quality semiconductor materials and sophisticated equipment that can make patterns
that are smaller than the wavelength of visible light. It requires dimensioning gate lengths that
are smaller than a millionth of a meter and measuring the thickness of surface coatings in
molecular diameters. A typical microcircuit requires hundreds of separate manufacturing
steps, each of which must achieve a near perfect reliability to allow a cost-effective yield of
the final device. These sensitive devices must be designed (and then must be properly
ﬁackaged so that they can withstand rugged military environments and be able to tolerate

igh Jevels of radiation.

This critical technology includes the investigation and characterization of a variety of
new semiconductor materials that offer the potential for significant performance increases
and cost reductions. It encompasses the development of new manufacturing methods and
tools to produce quality wafers from which circuits can be built. Microelectronic circuitry
technology is also concerned with developing a wide range of technologies that are necessary
to produce highly advanced microelectronic circuits. These technologies include:

° Computer-aided design (CAD) techniques that allow designers to
creatively manipulate constantly increasing amounts of complex
circuitry, extend current practice into the system-to-chip design
concept, and significantly reduce the design time.

. Far-term, high-risk lithography technologies such as electron beam
(E-beam), excimer UV, x-ray with both proximity and projection
systems, and ion beam.



° Fabrication technologies that capitalize on industry practices but
focus on military needs such as low-volume manufacturing,
radiation hardening, and extended temperature range devices.

. Packaging and interconnec: technologies that enhance circuit
performance and prevent degradation.
. Advanced materials such as diamond, silicon carbide (SiC), and

indium phosphide (InP) that offer advantages over gallium arsenide
{GaAs) and silicon (Si) for high-power operation and better thermal
e Management.

. Techitologies that improve the overall quality control and thermal
management of microelectronic circuits.

For purposes of description, the components of microelectronics fabrication may be divided
into: wafer preparation technologies (the technologies, equipment, and processes used for mass
production of semiconductor wafers, including crystal growers, slicers, polishers, and
reliminary dopant equipment); epitaxial growth technologies; wafer fabrication technologies
the body of processing technologies used to fabricate integrated circuits on prepared wafers);
design technology for mask making; and packaging, assembly, and test technologies.

Specific defense-related research and development plans in ihis Critical Technology
are directed toward fulfilling a wide variety of vital defense applications. Current research
and development thrusts range from develo;l:ment of full manufacturing processes to
exploration of promising (though Ferhaps novel) specialized techniques or applications. A
representative list of defense~related R&D thrusts cucrently underway includes efforts
supporting advances in analog/digital device production; power converter device production;
development of novel artificial neural networks (using analog signal processor circuits); high
resolution lithography technology (especially using x-ray and excimer optical techniques,
among others); development of processes for very large scale integration (VLSI) technologies
(with contributions from SEMATECH); and radiation resistant isolation, especially SOI
material development. The table below summarizes these representative technology sets.

Technology Sets in Semiconducter Materials and Microelectronic Circuits

s Very large scale integrated circuits

o CAD for complex circuits

o  High resolution lithography

¢  Analog/digital converters

¢  Power converters

¢  Micro- and millimeter wave sources and amplifiers
o  Transmit/receive modules and arrays

o  Signal control components

«  Radiation-hard isolation technology

Silicon-based semiconductor technology is highly advanced and continues to provide
the bulk of conventional integrated circuitry and high-power devices. The dominance of
silicon-based semiconductor manufacturing technology will continue for a decade or more.




Thus, long-term DoD/DoE efforts in microelectronics technology can be expected to
significantly involve silicon technologies for the indefinite future. In fact, advances in
silicon-based technology continue at an impressive rate, continuing to make it difficult for
alternative technologies over the near- to mid-term to compete in digital electronics.

Microwave and digital GaAs technology is expected to become competitive with
silicon-based microelectronics in the long term and promises significant advantages over
comparable silicon-based devices for selected military applications. For example, GaAs has
an electron mobility nearly seven times higiser than silicon and inherently better resistance to
radiation damage than does silicon. Thus, a GaAs integrated circuit may eventually be faster
and lower power than a silicon-based counterpart of similar design and complexity. Also,
unlike silicon, gallium arsenide has a direct bandgap, thus permitting a wider range of

tential applications (e.g., in optoelectronic devices). However, GaAs today remains
inferior to silicon in some radiation problems (such as single~event upset for space radiation).

GaAs and other compound semiconductors such as InP and indium gallium arsenide
(InGaAs) play important rolesin microwave and millimeter-wave devices and circuits. Other
materials such as indiuin antimonide and mercury cadmium telluride are used for infrared
and optical detection. None of these compound-semiconductor technologies are nearly as
developed as Si techmology, which has benefited from more than two decades of substantial
research and development.

InP devices offer higher voltages and electron velocities than those made of GaAs or
Si, and InP laboratory prototypes have demonstrated three times the power capability of
GaAs devices. SiC devices promise to be even better in these respects than InP devices, and,
in addition, can operate at elevated temperatures up to at least 500°C. Diamond technology
shows the greatest promise because of its superior thermal conductivity and electronic
roperties. Electronic devices made of diamond ultimately should be unsurpassed for
igh-piwer, high-temperature applications as well as applications demanding radiation
hardness.

B. PAYOFF

1. Impact on Future Weapon Systems

a. Weapcn System Performance

Microelectronics technology has a pervasive effect on virtually every U.S. weapon
system, current or future. Increasing miniaturization techniques allow major modifications of
current weapons platforms (such as the creation of aerodynamically unstable aircraft
controlled by onboard microprocessors, as on the F-16) to the development of radically new
weapons concepts (e.g., “brilliant” weapons). The ability to build in self-test circuitrg will
greatly reduce maintenance problems and improve overall systems reliability.
Microelectronics technology may critically affect operations scenarios and deployment
tactics by providing ever increasing decision aids and communications capabilities between
tactical/theater commanders and their battlefield assets.

Increasing circuit complexity and functionality also will allow major expansion of key
military opcrational capabilities for reconnaissance, surveillance, and target acquisition
(RSTA); command, control, and communications (C3); and battlefield lethality. For example,
the envisioned availability of gigabit (10° bits) dynamic random access memory (DRAM) will



increase information access to large data bases by three orders of magnitude or more,
possibly as early as 2000 to 2005.

The technology sets described in this plan contribute substantially to realizing the
defense-related potential of this Critical Technology. For example, Analog/Digital
Converter efforts emphasize developing devices with higher sampling rates and increased bit
resolution. Such devices can be used in nearly ail DoD weapon systems to substantially
increase this performance; Power Converter efforts help enable such cevices to be packaged
in the confined spaces of weapons and systems; Artificial Neural Networks are an example of
a promising longer term approach to increasing existing computational speeds by 100 to
1,000 times; High Resolution Lithography efforts which emphasize imaging or projection
?};.%m rovide vital development of a critical manufacturing process and technology;

I/ULSI efforts support advanced production of all types of integrated circuits, both
military and commercial; and new radiation hard isolation technologies, such as SOl material
for the fabrication of radiation hard microziectronics.

Silicon-based microelectronic technology will continue to prevail Curing the very
high-speed integrated circuit (VHSIC) era and for the foreseeable future. At the same time,
GaAs will remain the most readily available and commonly used material for microwave and
millimeter-wave frequency devices and circuits. In the longer term, indium phosphide may
emerge as the material of choice for applications requiring high RF power. These circuits are
critical building blocks for DoD electronic warfare, radar, smart and brilliant weapons, and
communications systems. The high performance, potentially low cost, umt-to-unit
reproducibility, and inherent radiation hardness of GaAs circuitry make it very useful in
front-end analog functions in these systems. GaAs also shows promise in solid-stats active
aperture antennas (phased arrays). In the 1990s. GaAs integrated circuit elements will appear
more frequently in equipment for communications, electronic warfare, electronic
intelligence, avionics, missile guidance and control, and surveiliance from space.

Future weapons systems will rely even more upon devices made available by advances
in semiconductor design and fabrication techniques. The ability to design and integrate new
microelectronic components into weapons systems is an essential corollary to device
fabrication technology. Our future defense posture relies in part on our ability to rapidly
exploit advances in microfabrication technology to design and produce devices for use in
military systems.

b. Logistics Infrastructure

In the manufacturing process, DoD consumes lower volumes of customn-designed
products than the typical commercial sector user. DoD products have fewer developmental
and/or operational test hours before rigid design/contlxa tion constraints are imposed.
Logistics demands for this technology include support of efforts to rapidly identify and resolve
hardware malfunctions within normal sustaining engineering and maintenance support
functions. Future microcircuit technology advances should emphasize prognostic- and
self-diagnosis, reconfiguring abilities, time/performance/stress measurement and logging
capabilities, and environmental feedback which is built into the chip designs.

Rapid changes in microcircuit technology are escalating the microelectronic device
obsolescence problem exponentially. The challenge for the logistics infrastructure is to keep
pace with microcircuit technology advances and growing device complexit}', while still being
able to acquire or manufacture replacement spares. The design and manufacturing life cycle

is two to five years, while the weapon system support cycle is measured in decades.




New capabilities to rapidly emulate obsolete microcircuits with qualified design and
manufacturing processes are urgently needed for replacement spares, Obsolete, out-of
production microelectronic devices are frequently needed as spare components in
operational systems for as long as 10 to 20 years after the microcircuit manufacturing and
board-level production facilities have converted to new technologies. As new DoD systems
rely on greater numbers of ASIC devices, the impact of parts obsolescence will grow.

Advanced product devel(gxnent and description support tools, integrated from’
microcircuit to system, must be developed and acquired by both the design and support
communities to ensure that product configurations are upwardly compatible over the support
life cycle. Extensions of hardware description languages to the analog domains (low and
microwave/millimeter-wave frequency) are essentia%. Development of integrated tool
frameworks that permit the automated transfer and application of product descriptions
across development, system emulation, and product testing domains is needed. Further, rapid
qualification of processes and components requires the same product and processdescription
languages and tools. The overali logistics infrastructure goal is to achieve dramatic cost
avoidance in long-term support of systems.

Rapid design and manufacturing changes require rapid advances in test, diagnosis, and
troubleshooting capabilities as well as standards for automation. Advances in system-level
architecture and simulation must be achieved in order to assure supportable system designs
before the manufacture of expensive custom devices. DoD rust use these future simulation
capabilities to ensure first-pass development and manufacturing of supportable systems.
Reprocurement will require accurate design representations, similar to and built on the
foundation of the VHSIC Hardware Description Language (VHDL), for use throughout the
support cycle. '

2. Potential Benefits to Industrial Base
a. Manufacturing Infrastructure

The thrusts toward ultra levels of miniaturization and higher speeds of operation are
clearg' applicable across a broad front of domestic electronics technology and will continue to
benefit many industry sectors and the consumer. Most military—oriented semiconductor
technology developments are directly a%)licable to the domestic industrial base. For
example, the recently completed VHSIC program has had many direct, immediate
beneficiaries, including the computer, automotive, telecommunications, and robotics
industries. Itis difficult, however, toidentify any domestic segment that would not be affected,
directly or indirectly, by advances in semiconductor technology, whether based upon silicon
or gal?ium arsenide. Differences between military and commercial development often
involve DoD requirements for certain, specific levels of radiation hardness, degree of
ruggedness, and perhaps higher frequency and power millimeter-wave capability.
SEMATECH, the semiconductor manufacturing technology consortium of U.S. industrial
firms with some DoD support, has the potential to contribute to the U.S. technology base and
competitiveness in the worldwide semiconductor industry. SEMATECH’s efforts are
directed toward making the United States a world leader in future submicron silicon
technology. The major thrust of SEMATECH includes the development and enhancement of
the semiconductor equipment industry and materials supply base.

DoD efforts in GaAs and InP technologies will also affect industrial development of
future microelectronic materials and devices. High-speed GaAs circuits and specialty
infrared sensors are beginning to find commercial markets. High-speed GaAs processors are
being used in next-generation supercomputers. High electron mobility transistors are also
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being used in television receivers. GaAs, aluminum gallium arsenide (AlGaAs), and
strained-layer (Ga,In)As transistors are also bein% used in teigvision receivers.
Longwavelength lasers (constructed from epitaxial layers grown either strained or
lattice-matched to InP) will significantly impact communications. High-performance
deteciors for these longer wavelength systems are available. Optical interconnects for
integrated circuits potentially can provide very high-volume, high-speed chip-to~chip and
processor-to~processor communication for a variety of computing and data storage
applications.

b. Logistics Infrastructure

Increased reliability and self-diagnosing, healing devices will reduce the frequency of
repair functions and, therefore, depot repair demands.

Line-replaceable units will be expensive to replace and repair. Since DoD acquires
microelectronics rather than manufacturing them in-house, defense industry needs to ensure
the availability of sustaining manufacturing capabilities that are automated, flexible, and
reconfigurable over system implementation life cycles. DoD also needs the flexibility to
target manufacturing to the most economical process for compatible form, fit, and function
(F3) replacement parts. This flexibility can only be achieved based on standardized hardware
Jescriptions.

In addition, depot maintenance and repair capabilities must be selectively upgraded to
handle advanced technologies and materials and remain compatible with commercial
manufacturing capabilities, Specialized repair facilities for procedures such as
debonding/rebonding of microelectornic chips in multi-chip packages and modules will
remain with the manufacturer over the near term., Life cycle maintenance and support
requirements must address long-term depot needs.

New standards and architecture consiraints for both the weapon systems and the
supporting test equipment should be developed to ensure compatibility between new
technologies and ftuture support environments. By developing these standards, DoD will
make the defense industria gase more flexible and, therefore, more competitive.

New development and design tool environments, based on the standard DoD
language Ada, are needed to ensure long~term supportability and sustainability of products.
These environments must support the automated capture of electronic product model
information, translation and development of required test strategies, and automated test
program generation capabilities.

C. S&T PROGRAMS
1. Summary Description of Plan for Technology Development

a. Very Large Scale Integrated Circuit (VLSI) Technology
1 Objective

Development of new material systems that offer significant improvement in
performance and cost. Development of new manufacturing technologies including large
volume and ilexible manufacturing.




(2}  Developmeni Milestones

. FY 1992 - Demonstrate SiGe heterojunciion~bipolar-transistor
logic

° FY 1993 — Demonstrate SiC circuits and diamond coatings for
improved thermal management

. FY 1994 — Demonstrate production (0.35 micron) device
technology

. FY 1995 — Demonstrate 16K SRAM C~-HIGFET devices made of
AlGaAs/GaAs and InAlAs/InGaAs »

. FY 1996 — Demonstrate non-volatile memory to replace magnetic

disc, e.g.. floating gate, ferroelectronic technology

b. CAD for Complex Circuits
(1)  Objective

Extension of current computer-aided design c:apabilit{lt}?I encompass system-to~chip
design and advanced packaging. Exploit the success of the VHSIC Hardware Description
Language (VHDL}.

(2)  Development Milestones
° FY 1991 — CAD for 100 x 100 synapse array
° FY 1993 — CAD for 1 million transistor synapse array

. FY 1996 — Achieve chip-to-system cor ~-ter-aided design
capability

° FY 1997 — Demoanstrate CAD ‘ools tha tpe ate advanced
packaging techniques

C. High Resolution Lithography
{1)  Objective

Develop new lithographic techniques, including 192-nm o .al lithography and x-ray
lithography, and the required industrial base capability for voluine production of integrated
circuits with feature sizes in the 0.1-0.3 pin range.

) Development Milesiones
e FY 1991 -~ Demonstrate synchrotron aligner

. FY 1992 — Demonstrate prototype 193-nm excin :r laser
lithography system and resist technology

. FY 1993 — Availability of 1x production mask cz; :biiity for
proximity x-ray




. FY 1994 — Commercial availability of production-worthy 193-nm
optical Iishography systems )
— Demonstration of compact synchrotron capability

) FY 1995 - Prototype x-ray, electron-beam, or ion projection
lithography systems

d. Analog/Digital Converters (ADCs)

(1)  Objective

Develop silicon-based analog-to~digital converters with higher sampling rates and
increased bit capability to achieve greater processing speeds and accuracy, and radiation
hardened for specific applications.

(2) Development Milestones

. FY 1991-Demonstrate 14-bit, 25~mega-sample per second ADCs

§ ° FY 1993-Demonstrate 16-bit, 125-mega-sample pzr second
5 o FY 1995-Demonstrate 10-bit, 1 Giga sample per second ADCs,

e Power Converter Technology
1) Objective

Develop highly regulated, low-voltage power converters with increased power
densities and higher efficiencies,

S (2)  Development Milestones
' . FY 1993 — Demonstrate 95 percent efficient, 100W-250W,
100W/cu.in. power converters.

f. Microwave and Millimeter Wave Solid State Sources and Amplifiers
(1)  Objective

Develop three terminal I1I-V compound devices for operation in 44, 60, and 94 GHz
systems. Emphasis is on effiviency, power, frequency, noise figure, bandwidth, small size, low
weight, affordability and reliability.

(2) Development Milestones

_ . FY 1992 — Demonstrate advanced heterojunction bipolar
Ty transistors
° FY 1993 — Demonstrate pulse pewer transistors for
mm-wave-radar
. FY 1994 — Demonstrate InP power high temperature microwave
devices




° FY 1995 - Demonstrate monolithic integrated circuits operating
up to 100 GHz

. FY 1996 — Demonstrate silicon carbide power devices

. FY 1997 — Demonstrate diamond power devices

° FY 1997 — Demonstrate solid state amplifier producing 5w at
50GHz

£ Transmit/Receive Modules and Arrays
(1) - Objective

Develop high reliability, solid state, transmit/receive (T/R) modules and arrays for
multimode radar; wideband arrays for radar, ECM, and ESM; advanced IC designs for
transmit/receive modules; 20, 44, 60 and 94 GHz airborne and sgace arrays. Emphasis is on
higher module efficiency, broad bandwidth, low sidelobes with adaptive null placement,
beam agility, low radar cross section, reliability, and affordability.

(2)  Development Milestones

. FY 1992 — Demonstrate array filtering techniques

. FY 1994 — Demonstrate 40 GHz T/R module

o FY 1995 — Demonstrate 60 GHz T/R module

. FY 1996 — Demonstrate 40 GHz multibeam active phased array
. FY 1997-Demonstrate wafer scale integration for phased arrays

h, Signal Control Components
(1)  Objective

Develop surface acoustic wave and acoustic change transport filters, compressors, and
correlators. Develop switches, limiters, phase shifters, broad band planar mixers, circulators,
and frequency synthesizers. Emphasis is on higher power, broad bandwidth, small size, low
noise and loss, high yield, hardened and reliable devices.

) Development Milestones

. FY 1992 — Demonstrate 8-18 GHz miniature ferrite circulators

. FY 1994 — Demonstrate 30-100 GHz planar control components

. FY 1995 — Demonstrate ICs incorporating microwave, optical, and
digital functions

® FY 1996-Demonstrate low loss phase shifters (1-100 GHz)
. FY 1997-Demonstrate 160 GHz EW frequency synthesizer
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i. Radiation Hard Isolation Technology
(1}  Objective

Develop ultra large-scale integration technology with advanced isolation methods
using silicon-on-insulator (SOI) substrates with advanced radiation resistance (total dose,
iransient upset, single event upset and neutrons). Utilize the static random access memory as
the technology demonstration vehicle. Emphasis is on low-cost, defect-free SOI wafers in
diameters ranging from 100-200 mm.

2)  Development Milestones

. FY 1993-Demonstrate rad-hard, 1 M-bit, CMOS, SRAM on

SIMOX material

° FY 1994-Demonstrate high speed, rad-hard, BICMOS, SRAM on
SIMOX (< 10 nsec access time)

T . FY 1996-Demonstrate radiation-hard 0.5 micron CMOQS/SOI, low
volume piocessing technology using SOI isclation

. FY 1997-Demonstrate large diameter, low cost, defect free, SOI
m:fteﬁ;al (< 10% CM"? defects, 10'° cm impurities, 200~250 mm
wafers

Technoiogy Objectives

The table on the following page summarizes the DoD technology objectives in the
area of microelectronic materials, circuits, and their fabrication.

Resources

A summary of total S&T funding! is shown in the table below.

Demonstrate mega RAD total dose hardness at liquid
nitrogen temperature

Funding — Semiconductor Materials and Microelectronic Circuits ($M)

FY87-91

FY92

FY93

FY94

FY95

FY96

FY97

1,955

479

481

487

488

490

510

Utilizing the Technology

Silicon-based digital and analog integrated circuits are widely used throughout DoD
weapon systems and communication systems and platforms, In fact, an important objective of
oD VHSIC program was to accelerate the fielding of products created by advanced
semiconductor production technology by accelerating component insertion rates. This
pervasive use of silicon-based integrated circuits will continue for the indefinite future.

1Funding is derived from programs in the DoD budget. Most programs involve several technol

therefore becomes a matter of judgment how many dollars to count toward which technology.

grcsented here and throughout this report, for each critical technology, is of the right order of magnitude
ut is not to be construed as a precise budgetary quantity.
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Technology Objectives — Semiconductor Materials and Micnroeiectronic Circuits

Yechnical Area By 1096 By 2081 BY 2006
‘ . Electronie circuits, » 0.5 micron low- « 0.2 micron iow-volume | » Less than 0.1 micron
- including VHSIC, volume production production of aigﬁa! roduction of
providing highly reliable | avallable in digital sllicon davica:/SOI ow-volume digital
and radiation- siicon devices silicon devices
hardened technology |, ynoraved bulk and
_ S0l technologies
e Millimeter and « Continuous increases |  Integrated multiple » Microwave/digital
T rx;icrowave h;gegrat