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PREFACE 

The Electronics Division o f  the Office of Naval Research ( ONR) is 
charged with the responsibility for· research addres sing the needs of 
the Navy and Marine Corps for ( a) higher speed information and signal 
proces sing, ( b )  improved reliability and maintainability o f  electronic 
sys tems, ( c )  operation in natural and manmade hos tile  environments , 
( d) improved security and communic ation sys tems resis tant to j amming 
and interception, ( e) expanded exploitation of the complete electromag
ne tic spectrum , and ( f) improved sys tems design, contro l, and analys is. 

The Naval Studies Board was reques ted to es tab lish a panel to 
ident ify research opportunities for the ONR in elec tronic s . This pane l 
would advise on long-range r e s e arch opportunities appropriate to the 
miss ion o f  the ONR and would provide a source of input from the sc ien
tific communi ty as the ONR formulates plans for elec tronics research in 
bo th i ts core program and spec ial-focus initiatives. The pane l would 
also explore the broad role of elec tronic s in the Navy ' s miss ions , in
c luding its role at in-house laboratories, such as the Naval Research 
Laboratory ( NRL ) .  Clear ly, identifying new elec tronics re search oppor 
tun i t ies could fundamentally affect  the Navy ' s ability to meet the 
needs enumerated above. 

The pane l was extens ive ly b r iefed by ONR senior management and 
elec tronics program manage rs  a t  its initial meeting on June 30, 1987, 
regarding the ONR's current re search program and plans. In executive 
session fo l lowing that b riefing, the panel prepared a report to ass is t 
the ONR in a timely way rathe r than making a detailed, long- term s tudy. 
The current programma tic or ganization into s o l id s tate electronic s , 
systems and commun i c at ions theo ry , ele ctromagneti cs, and space science 
was taken as an appropriate s truc ture fo r considering opportuni ties for 
expanded and new r e s e arch thrusts. The pane l fi rs t  considered what 
condit ions in the scientific and technolo gic al envi ronment during the 
next 10-20 years c ould l e ad to new e le c t ronics oppo r tunities . The 
panel then identified basic r e s earch direc tions that could be under
taken to provide focus to the s e  potential breakthroughs . Thi s  repor t 
presents the panel's c ons e ns us conce rning r e s e arch areas that merit 
s ignif icant support by the ONR b e c ause of their subs tantial relevance 
to Navy missions. It is our hope that the repo r t  will enable the ONR 
elec tronics program managers to conside r  the panel's sugges tions now in 
making plans for the coming fis c a l  ye ars and augmenting the ir current, 
successful, s trong basic r e s e arch program . 

Rob e r t  S .  Baue r 
Chairman, Panel on ONR Research 
Oppor tunitie s in Electronic s 
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SUMMARY 

The Office o f  Naval Research ( ONR) has been instrumental in foster
ing the scienti fic and techno logical base o f  the nation for over 40 
years. This tradition of identifying promising oppo rtunities and pro
viding sustained funding for basic research is a consistent record of  
s ingular import to  the nation that has allowed promise in e lectronics 
to be achieved. In reviewing the current programs in e l ectronics, the 
pane l f inds that exciting, world - class research is being supported, 
espec ially in the area of greate st emphasis : so lid state electronics . 
Without comp romis ing this success, selective funding increases are 
recommended for systems re search. 

In thi s  study, we sugge s t  that an opportunity exists to augment 
the current work by establishing more c ross - discip linary efforts . For 
example , this i s  an ideal time to pro fit from joint e fforts among mate 
rials, characterization, theoretical modeling and simulations , and 
device areas . Without advanced components, systems capabil ities w i l l  
have l imited functionality. The performance o f  an e lectronic system is 
ultimately l imited by the per formance o f  the device s that it is  com
posed o f. Slight differences in perfo rmance can be c rit ical to the 
succes s  or fai lure o f  a military miss ion. The ONR Sol id State Elec 
tronics Program is  central to providing the Navy with the highest 
performance electronic systems . The current ONR program is innovative, 
concentrating on the right issues, and we ll - managed .  However , we 
be l ieve that if additional funds were available, the ONR would be 
better able to ensure that Navy needs in command, control ,  and commu
nications (C8) and elec tronic warfare ( EW) are successfully met . 
Some areas for emphasis with new funding include: ( a) innovative 
devices that couple effective ly with the materials  research program; 
( b) the use of high - performance, inexpensive computing in the fabri 
cat ion o f  devices; ( c) nanofabrication techniques; ( d) devices with 
character i stic dimensions o f  <100 nm; and ( e )  basic s c ience o f  hetero
epitaxy and homoepitaxy to provide the technology base supppo rt for the 
development of modern e lectronics, electro-optic s, and sensors . 

Developments in complexity of e lectronic devices have come at a 
cost . The increased capital investments and maintenance costs are 
we l l - documented in the manufacture of state-of-the-art electronic de
vice s . Research in the area has suffered the same increase in overall 
cost. A serious research program in each of the se areas wil l require a 
few cap ital equipment items that cost more than $0. SM apiece. Purchase 
and maintenance of the equipment and the associated research efforts 
are changing dramat ically the cost of research in these areas o f  
e lectronics . For this reason, funding increases beyond the standard 
rate o f  inc rease wil l  be required in the future to take advantage o f  
the leverage these areas could provide to our modern Navy. There are 
many who be l ieve the opportunities in so lid state electronics today are 
as great as in the early 1960s when integra ted circuits were first 
invented. 
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We recognize important Navy needs for scientific research in 
regions o f  power/frequency space where solid state electronics cannot 
provide required characteristics: for example, gyrotrons and ubitrons, 
as we l l  as more traditional slow wave devices such as TWT and CFTs. A 
modest investment in vacuum electronics should be part of the Navy ' s 
electronics portfolio . 

The pervasive ro le of networks and communication systems suggests 
fru i t ful topics for additional investment in order to deal in an order
ly way with the ever-increasing complexity and inherent unre liab i lity 
of future systems. Although the area has recently had a substantial 
infusion of SDIO/IST funds, and although it is also partly covered by 
efforts in the mathematics and computer science s programs, it is so 
relevant to Navy needs that additional funding of the � program base 
would appear to be extreme ly important. The high quality of  the small 
program currently existing in this area must be commended, but e fforts 
to bring mo re researchers into the area without reducing the exp loding 
opportunities in so lid state electronics wil l  be es sential for s igni fi
cant progre ss.  We suggest algorithms for distributed architectures and 
networks as a major topic that is both forward looking and at the same 
time related natural ly to the existing efforts in the ONR. The pane l 
ident i fies new opportunities for enhanced activity in e lectromagnetics 
and space science in an effort to add to the rather limited ONR- sup
ported e fforts in these fie lds. These opportunities include: (a) ad
vanced sys tems and techniques for using electromagnetic radiation to 
de tect ocean conditions and the presence of surface and subsurface 
ves sels,  and ( b) study of the feasibility of modifying ionospheric  
condit ions using high-powered sources of high-frequency elec tromagnetic 
radiation . 

The ONR support of some basic electronics research in indus trial 
labo ratories has been instrumental in encouraging advance s in thi s  
field throughout the years. Therefore, we urge the ONR to continue 
such support and to maintain close awarenes s  of developments in 
electronics research in industry, being alert to opportunities for 
cooperative efforts in areas of mutual interest. 
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INTRODUCTION 

FUTURE SCIENTIFIC AND TECHNICAL ENVIRONMENT 

Electronics is the underpinning for the functioning o f  society in 
the Twenty - firs t Century . In particular, electronics forms the back
bone on which all  future Navy thrusts depend: space - based systems, 
global command - contro l-communications networks, weapons sophistication, 
increased automation of platforms, and electronic war fare. These needs 
will  be met depending on the effects of evolving trends in the general 
scientific and technical environment. As examples: 

o Research w i l l  become increasingly interdiscipl inary, from the 
impact o f  biological understanding o f  neural ne tworks to the 
coup l ing o f  sys tem performance with an unders tanding o f  mate 
rial and device properties. 

o Technologies wil l  be combined for enhanced funct ional ity ,  
from the merging of analog and digital functions to achieving 
compat ib i l ity among presently incompatible electronics mate
r ials combinations. 

o Three - dimens ional devices will  be fabricated with lateral 
modificat ion on a nanometer scale, which will  allow very 
small, high - performance s tructures with coup l ings , thereby 
beginning a new era of unwired arrays of nonstandard 
trans i s tor structures. 

o Advanced sensors wil l  be deve loped for moni tor ing such 
diverse physical phenomena as ocean currents, atmospheric 
changes, and semiconductor mater ials growth. 

o Sys tems wi l l  deal with mas sively paral lel data from sensor 
and global communications networks. 

o Need w i l l  inc rease for understanding the fundamental s  affect
ing rel iable manufac ture of quantum devices. We w i l l  move 
beyond " green thumb" electronic s fabrication to computer 
control of processing, growth environment, and defec t incor
poration based on theoretic al simulations. 

o There w i l l  be widespread availability of ultrahigh - perfo r 
mance computing. 

o It w i l l  be possible to controllably modify the ionosphere 
with active p lasmas in a way that fundamentally affec ts 
communicat ions. 

o Sys tems problems wil l  shift from implementation to the des ign 
and organization for such comp lex functions as command, con
trol, and communications. 

o Robus tnes s o f  systems will be achieved through distribution 
o f  sys tem functionality. 

o Memory requirements wil l  inc reasingly shift to mas s ive, 
nonvo latile  storage. 

o Systems w i l l  need to deal with integration of information 
that is  mas sive, incomplete, conflicting, ambiguous, and 
wrong. This wil l  be true for app lications ranging from 
battle management to electronic proces s control. 
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o H igh-temperature superconductors will provide devices with 
new funct ionality. 

o Mono l i thic integration of structures of materials that are 
incompatib le today will allow optimized component func tion
al i ty wel l beyond the individual element capabilities avail
able today . Focus on devices wil l  lead to combination o f  
materials, so lid state physics, and processing research for 
s ingle chips having such parts as a HgCdTe sensor, with a 
GaAlAs l i ght source controlled by VLSI Si integrated digital 
c i rcui ts . 

One of the maj or themes that emerges in considering the impact o f  
these trends is  the importance o f  having more interdiscipl inary and 
cros s - discipl inary efforts within and among fields, as we l l  as poten
tial new topic s for investigation. This theme is re flected in the 
organization and topics of the panel ' s report, as follows: 

SOLID STATE ELECTRONICS 

o Innovative Device Focus, for combining materials , 
s tructures, and fabrication research. 

o Effective Utilization o f  Comput ing Power, for merging 
advanced characterization techniques with s imulation and 
modeling to achieve process control . 

o Be tter Understanding o f  Manufacturing and Rel iab i l i ty 
Issues. 

o Advances in Sensors and Signal Proces s ing . 

SYSTEMS AND COMMUNICATIONS THEORY 

o Algorithms, Networks, and Architectures, for high - speed 
proces sing . 

o Unreliable Links in Distribution . 
o Mas sively Parallel Systems, including neural networks . 
o Theory and Proces sing in Large Adaptive Systems . 

ELECTROMAGNETICS 

o Innovative Integrated Antenna Elements . 
o Elec tromagnetic Remote Sensing . 

SPACE SCIENCES 

o Modi fication of the Ionosphere . 

In addition to c ross - disciplinary cooperative efforts, the panel 
notes that much o f  the pioneering basic research in electronics occurs 
in indus trial research centers. The ONR, whenever possible, should 
continue to fund foundation research efforts in industrial research 
laboratories . We urge ONR program managers and members of their re
search s taffs to maintain interaction with their colleagues in indus try 
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in order to remain aware of new developments and emphases in industrial 
research . The Navy should continue to be alert to opportunities for 
cooperation with industry on res earch of mutual interest. 

We recognize important Navy needs for scientific research in 
regions o f  power/frequency space where solid state electronic s cannot 
provide required characteristic s, as for examp le, gyrotrons and ubi
trans , as wel l as more traditional s low wave devices such as TWT and 
CFTs. Although there was no specific expertise on the panel to address 
this area, we be lieve that a modest investment in vacuum elec tronics 
should be part of the Navy's electronics portfolio . 

No attempt is made to be exhaus tive in this expos ition . Rather, 
we attempt to identify some of the most exciting current p rograms and 
sugges t areas for coordination, changing emphases over t ime, and new 
ini t iatives . The ability to realize the potential of the broad range 
o f  electronic appl ications is limited by the solidity o f  the bas ic 
scienti fic foundat ion in a very fundamental way . We have attemp ted to 
ident i fy critical thrusts for making maj or advances  in electronics 
research. 
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SOLID STATE ELECTRONICS 

INTRODUCTION · · 

So l id s tate electronics has been the foundation of the techno logi 
cal revo lutions that have taken p lace since World War II in information 
process ing, computation, communication, control, and other fields. 
Modern naval defense systems depend heavily on high - performance solid 
state electronics. It is c ritically important that naval research 
pol icy promote the advancement of research in solid state electronics 
and sensors. The current program of the ONR in this area is broad, 
wel l - directed, and basically sound . However, it is c lear that over the 
next two decades there w i l l  be maj or changes in the s tructure o f  
microelec tronic devices and the sys tems based on them. Speci fical ly, 
devices w i l l  continue to shrink in size, and the transis tor will  very 
likely give way to fundamental ly new devices based on quantum mechani· 
cal effects. Advanced sensor arrays and devices to convert the output 
of elec tronic systems to physical ac tions wil l  lead to systems whose 
complex i ty and capabilities are not dreamed of even today . We there
fore urge the ONR to fill  the vacancy that currently exists in the 
s o l id state electronics area with an outstanding individual who has a 
broad interest in the area of device research. 

One o f  the signi ficant problems in solid state electronics re· 
search is the rapidly increasing cost of equipment and fac i l i ties . Two 
decades ago research could be done in no rmal laboratory space with low
cos t homemade equipment. Today, research is carried out in cleanrooms 
with equipment that costs orders of magnitude more. An individual in
vestigator mus t have acces s to millions of dollars worth o f  equipment 
and facilities in order to participate in solid state electronics re
search. Equipment rep lacement costs are propor tionately high. Future 
budgets for solid state elec tronics research should reflec t the rapidly 
increas ing cost of equipment purchase, operation, and rep lacement. 

NOVEL DEVICES AND SYSTEMS 

Integrated circuits, whether in Si or III-Vs, are based on tran
s istors interconnected by means of metallic or semiconducting wiring . 
As devices decreas e in size below 1 mic ron, more and more of the 
circuit area is  taken up by wiring. This "wiring c risis, " together 
with problems that arise as the minimum feature size of transis tors 
approaches 100 nm, has led many experts to predict that tota lly new 
devices, based on quantum mechanical  effects and local coupling ( i . e. , 
nonwired ) ,  w i l l  replace the transistor and wired - up integrated circuit. 
No one has any idea at p resent what such devices will look like or how 
systems based on them will operate . We only anticipate that devices 
wil l  be small  and systems wil l  be quite different from what we have 
learned to deal with in today's technology. Hence, it is important for 
the ONR to pursue a basic research program aimed at p romoting thi s  
env i s ioned fundamental change in solid state electronics .  Most o f  the 
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ONR research ove r  the last several years on artificially structured 
materials and quantum - well devices has been focused in this direction . 
We wish to encouraie this trend and suggest some opportunities for high 
impact. 

As we approach the turn of the century, the direc t l ink between 
electrical material properties and electrical performance of  the solid 
state device must be established as an integral part of proposed re
search e fforts . The role of defects and their influence on device 
electrical characteri stic s must be emphasized to unde rstand re l iab i lity 
and fabrication. 

MATERIALS 

The ONR research program in elec tronic s is one of  the premier pro
grams in the country on electronic materials. The we l l - managed inno 
vat ive nature o f  this program has made it the source of  many o f  the 
maj or developments in this field over the years. The current efforts 
are very much in keeping with this tradition and are required to secure 
the technology base of U. S. elec tronics, both private and m i l itary. 
Hence, we fee l  that the new efforts we are proposing should be addi 
tional to thos e  currently funded. 

In the future, we anticipate that heterostructure& between mate 
rials of both similar and dissimilar subs tances are going to be the key 
to e lectronics in the 1990s and beyond. Epitaxial layers involving 
group IVs, as wel l  as III - Vs and II-VIs, wil l  be important. Although 
the ONR already has very substantial efforts in this  area of  research, 
we fee l  that particular emphasis should be placed on a few key areas 
where maj or progres s can be obtained because of a confluence of new 
deve lopments. 

The arrival of inexpensive, high-performance computing is go ing to 
make it pos sib le to use realistic models  of mate rials fabr ication in 
the s imulation of device formation. Soon it will be pos s ible  to add 
Cray level s  of computing to a crystal puller, MBE machine, MOCVD reac
tor, or reac tive ion etcher for roughly 10 percent of the cost of the 
system. Hence, it wil l be feasible to use computers in a realis tic  
p rocess control mode with very complex, sophisticated equipment for 
device growth and processing. The production of new, very complex 
hete roepitaxial devices wil l  require exceedingly p�ecise contro l over 
materials preparation and fabrication. Structures in which uniformity 
of fabrication over wafers whose characteristic dimensions are inches 
must be maintained to levels measured in angstroms; this w i l l  require 
control of fabrication to one part in 108. These level s  of control 
are go ing to require the construction of computer-based mode ls that 
wi l l  allow the development of fabrication engines with a very high 
leve l o f  control . We feel that the ONR should besin to initiate pro
� aimed at this very exciting and es sential direction of  develop
ment. 

The ruggednes s  and compactness of modern elec tronic s are bas ed on 
the fabrication of microchips that contain large numbers of elec tronic 
elements . To date , these mic rochips have been based on a s ingle 
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semiconductor material - - 51 for most chips, and GaAs for a few chips. 
Ye t some of the advanced concepts in elec tronics require the integra 
t ion of the high-speed or optoe lectronic properties of III -V semicon
duc tors with the complex circuits that can be fabricated in Si, coup led 
with the detector or display properties of II-VI semiconduc tors . It is 
poss ible to conceive of the use of heteroepitaxy to fabricate chips 
with a number of diffe rent semiconduc tors, each pe rforming the function 
it does bes t. We be lieve that such structures wil l  be very important 
to the Navy. 

A maj or feature of  these new heteroepi taxial sys tems is  the 
exis tence o f  large lattice mismatch be tween the layers in the s truc
tures . The deve lopment of  techniques for contro l l ing the defec ts that 
may be introduced by such a procedure wi l l  be important to the success
ful development of  a he teroepitaxial technology. Hence, we tbink that 
the QNR should have a major research procram to unders tand and contro l  
the fundamental charac teris tic s of  e lectronic mater ials that affect 
device performance. This can be accomplished by focus ing more effort 
on the device behavior of nove l structures .  

MICROFABRICATION 

Future generat ions of solid state e lectronic devices and sys tems 
wil l  require advance s  in microfabrication (li thography , e tching , and 
additive proces ses) as well as in materials. Espec ially i s  this true 
for quantum - e ffect  devices that involve sub - 100 - nm  l inewidth s truc
tures. Although e lec tron-beam l i thography techniques have demonstrated 
sub - 100 - nm  patterning, this method is extremely s low and produces 
coherent s truc tures over very small fields. For example, to cover a 
1 - cm diame ter area with a dense array of 50-nm features requires a 
writing time in an elec tron - beam sys tem of the order o f  one year! 
Achieving a linewidth control of 10 percent at 50 - nm  linewidths is 
highly problematic, yet such control may be required. For 50 - nm  
linewidths, the writing field o f  electron-beam systems i s  only about 
100 microns in diameter. Larger fields require a step and repeat 
procedure. Electron- beam lithography is adequate for certain firs t  
order research demonstrations but inadequate for Navy needs beyond that 
point. Metro logy in the sub-100-nm domain is c rude or nonexistent . 

Replication techniques such as x-ray lithography, masked - ion- beam 
lithography, and perhaps x - ray projection are capable of producing 
sub - 1 - nm  features with short exposure times, but much furthe r research 
needs to be done to make such techniques useful for both research and 
the development o f  the next generation of microelec tronic devices  and 
sys tems. 

Electron -beam l ithography systems are extreme ly expens ive fac i l
ities, as are the synchrotrons being contemplated for x - ray l ithog
raphy. Unle s s  lower cos t approaches are deve loped, research on 
microelectronic devices  and systems wil l  be beyond the means of the 
vas t maj o r i ty o f university researchers . Such research cannot be done 
by occas ional vis its  to major facilities that have such equipment . 
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Beyond lithography, techniques of etching and additive patte rning 
require extens ive research to achieve the precis ion , accuracy, and 
linewidth contro l required by the next generation of microe lectronics. 
Perhaps entirely new approaches to making microstructures need investi
gation. 

In summary, the ONR should not overlook the opportunity for sup 
port ing res earch on the microfabrication · technique s required to take us 
into the next generation of microelec tronic s in the sub - 100 - nm  domain. 
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SYSTEMS , COMMUNICATION, AND SIGNAL PROCESSING 

The importance o f  secure, high - speed communications, signal pro
cess ing, and i�ge proces sing capabilities to the Navy, and in fac t all 
the Services, hardly needs elaboration. Recent news items, for ex
ample, about how increasingly� Soviet submarine s have become, make 
amply clear the significance of rapid and sophisticated me thods for the 
extrac t ion of information from very weak signals in uncertain and non
s tationary environments, and its rapid dis semination to a wide network 
of users. Moreover, the continued success of the ONR ' s  longs tanding 
and notable e fforts in the solid state area make the needs for corres
ponding signal proces sing efforts even more acute. Wi thout prior 
attention to the appropriate application, the potential capab i l i t ies of 
very -high - dens i ty submicron device s  may never be usable. 

The ONR ' s  electronics program in the area of sys tems, communi 
cat ions, and s ignal proces sing is an important, but s t i l l  small,  
frac t ion o f  i ts core research budget. Although the area has recently 
had a subs tantial infusion of SDIO/IST funds, and although i t  is also 
partly covered by efforts in the mathematics and computer science 
programs, it is so relevant to Navy needs that additional funding of 
the � program base would appear to be extreme ly important. The high 
qual i ty of  the smal l program currently exi s t ing in this area mus t be 
commended, but e fforts to bring more researchers into the area without 
reducing the exploding opportunities in so lid s tate electronics will be 
essential for significant progres s. 

Of  the several directions for systems, communicat ions, and s i gnal 
proces sing that could be recommended, perhaps the mos t exc i ting are 
those at the boundaries of several disciplines. We recommend algo 
rithms for distributed architectures and networks as a maj or topic that 
is  both forward - looking and at the same time related naturally to the 
exis ting efforts in the ONR. This area is divided into four subtopics : 

o Algorithms and architectures. 
o Sensor array proces sing and high-resolution spec tral 

anrl�s is.  
o Distributed algorithms for network control. 
o Neural nets. 

These are described in greater detail in this section, but firs t  some 
general remarks may be useful. 

There are many fundamental issues concerning the de sign of algo
ri thms for s ignal proces sing, sensor processing, pattern recognition, 
contro l, and o ther func tions when thos e algorithms mus t operate in a 
dis tributed environment. In some examples, such as neural ne tworks and 
parallel process ing, one uses dis tributed signal proces sing e lements to 
enhance the computational power and speed of the system, whereas in 
other examples, such as network control and distributed sensor systems, 
the geographical separation of the nodes forces the system to be 
dis tributed. In both types of examples, however, the de sign of the 
communication be tween the processing elements is at leas t as important 
as the proces sing done by the individual elements. In both types of 
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examples , the dis tributed nature of the system both permi ts the 
opportuni ty for robus t operation in the presence of failures and also 
provides the chal lenge of understanding how to construc t dis tributed 
algori thms that can adapt to failures. Final ly, there is also the 
common problem of  how to scale such algorithms with the number o f  nodes 
or process ing e lements . These general questions appear imp l i c i ty in 
all the four promising research areas discus sed in the fol l owing 
sec t i ons. 

ALGORITHMS AND ARCHITECTURES 

A look at current activity in the very large scale integrat ion 
( VLSI) area wil l  show a substantial effort in more sophisticated digi 
tal s ignal process ing (DSP) systems. However, mos t  o f  this  ac tivity is 
microprocessor-based, albeit on ever- newer and more powerful uni ts , and 
there fore subj ect to certain fundamental limits on the maximum process
ing speed. For examp le, mic roproces sor - based sys tems for decoding con
volutional codes are currently in the 10-20 Mbits/sec range , and more 
than doubl ing this  rate appears to be difficult to achieve , whereas 
app l icat ions demand rates of several Gbits/sec . New computing s truc
tures are c learly necessary. One pos sibility is the use of general pur
pos e  parallel  computing machines such as the hypercube , the connect ion 
machine , the BBN butterfly processor, the SAXPY-lM, and the GE WARP 
sys tolic processors. However, if we look a few years ( 5  to 10) ahead, 
i t  is conce ivable that advances in technology and in computer - aided 
des i gn ( CAD) will al low us to build cheaper and fas ter special purpose 
s o lutions for di ffe rent clas ses of signal processing app l ications. The 
warm reception accorded ZORAN's very simple move in this  direction 
through the introduc tion of dedicated vector multipl iers and adders is 
an indication of how welcome more customized solutions could be. More 
evidence accumulates every day ( see the August 6, 1987, is sue o f  
Elec tronics ) .  

There has been considerable progres s already in the direc t ion of  
spec ial purpose arrays with work on systolic arrays, wave front pro 
ces s ors, regular iterative arrays, and the like, and, in fac t, some of 
this  work has been sponsored by the Contract Research Department ( CRD) 
Elec tronics Divis ion already ( under the USER -VLSI program) and by the 
CRD Computer Science and Mathematics Divisions. However, these efforts 
are winding down , perhaps jus t at the time when increased e ffort toward 
longe r - term issues behind the original support is  mos t  needed. 

It will  become important to move toward the development o f  a 
theoretical base for the de s ign of classes of spec ial purpose comput ing 
arrays as opposed to the rather ad hoc methods used so far for the 
invention of  sys tolic arrays ( and some generalizations thereof). 
Bridges also need to be developed to related work in computer s c ience 
on comp i ler theory and on the development of methodologies for high 
leve l programming languages, both o f  which have some surpris ing ( at 
leas t ini tial ly) similarities to problems encountered in the s tudies 
mo t ivated by s i gnal proces sing. Mo reover, such research bas to be 
closely l inked w i th the study of methods of fault mode ling, tes t  
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generation ,  error detection and correc tion, fault  recovery, and faul t
tolerant des i gn . 

SENSOR ARRAY PROCESSING AND HIGH-RESOLUTION SPECTRAL ANALYSIS 

Fas t and accurate algori thms for detec ting and resolving narrow 
band s ignals in no ise, while also determining the ir  angles of  arr ival, 
are clearly of great interest to the Navy . Al though the current ONR 
program has a few excel lent inves tigators in this  fie ld, there i s  an 
opportun i ty here for bringing in several o ther researchers from related 
areas in s i gnal processing, numerical analysis, and processor array 
des i gn ,  and for useful collaborative efforts with researchers at sev
eral naval laboratories, especially Naval Ocean Sys tems Center (NOSC) , 
Naval Undersea Sys tems Center (NUSC ) ,  Naval Research Laboratory (NRL) , 
and Naval Ocean Research and Development Ac t ivity ( NORDA ) .  

There has been s triking progres s in recent years i n  direction o f  
arrival ( DOA) algor i thms such a s  MUSIC, root-MUSIC, and recently 
ESPRIT. Some use ful solutions to the longs tanding problems of combat
ing coherent interfe rence ( as in mul tipath or  � j amming) have been 
developed. However , there is a need for further examination of sens i 
tivities  t o  mode l uncertainties, robus tnes s in numerical calculations, 
and the deve lopment of spec ial purpose architectures of various types 
( e. g. , bus - connected proces sors with local memory, sys tol ic arrays , or 
connect ion machines). Interaction with naval laboratories will also 
enable s ome trials w i th real data, an important guide in such highly 
theore t ical areas . One might mention that such tes ts have recently 
been made with ESPRIT on the analysis of very flexible robot arms with 
encouraging resul ts . There are still  several open ques tions in the 
area of spec tral analysis, which is no t surprising cons idering the very 
wide range of problems and applications in this field .  

DISTRIBUTED ALGORITHMS FOR NETWORK CONTROL 

Communication ne tworks, whether for data, voice, o r  bo th, inher
ently require d i s tr ibuted control . The required dis tributed control 
algori thms range from link acces s protocol s to routing and flow control 
algori thms to transport and higher layer protocols . Research and devel
opment on conventional networks has been well funded by the government 
and by indus try over the pas t 20 years and has led to a mature and 
recognized research field . This research, and the co rresponding tech
nology, is based on a clear separation between communication theory 
( and techno logy) and ne twork theory ( and technology ) . 

The Navy ( and more .gene ral ly the Department of Defense )  has a 
critical need for suryivable communication networks, that i s, networks 
that maintain a minimally acceptable level of throughput under a wide 
variety of  highly stres sed c onditions. Often these networks mus t 
operate in a mul tiacces s environment and mus t  operate in the presence 
of rap idly varying propagation conditions . There are many approaches 
to such survivable networks, including spread spec trum, clus tering , 
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mul t icas t flooding, contention resolution, and various combinations o f  
these. 

Research on survivable networks mus t integrate the communication 
and ne twork aspects of the problem, as opposed to the conventional 
network approach o f  separating these aspec ts. The ONR is  currently 
funding excellent work in this area, but the size of  the program is 
very smal l cons idering its importance. The NRL is also doing exce llent 
work here, but on a limited scale . A significant expans ion of bas ic 
research on the underlying problems of survivable ne tworks should be of 
highest priori ty . At present there is not even a concep tual bas is  for 
contrasting the various approaches to thes e networks. Thus, along with 
the need for expanded exploration o f  particular approaches , there is a 
great need for bas ic research to provide a cohes ive framework for the 
integration o f  comunication with network control.  G iven the number of  
supposedly survivable networks currently being bui l t, and given the 
primitive s tate o f  unders tanding o f  this area, the need for more bas ic 
research is particularly pres s ing . 

NEURAL SYSTEMS 

Signi ficant advances are being made by neural s c ientists in the 
understanding o f  biological neural networks, and bas ic mathematical 
models are beginning to evolve. Sc ienti s ts and engineers have even 
begun to implement VLSI c i rcuits based on these models to s tudy the 

. behavior o f  these  c i rcuits in relation to the behavior o f  the human 
brain. At present, these models are significantly lacking in the ir 
ab i l i ty to  mode l the human brain, but a breakthrough in this area would 
constitute a maj o r  scientific discovery comparable to or even greater 
in magni tude than the dis coveries that led to the development o f  the 
digital computer . The development of neural network mode l s  comb ined 
with the abi l i ty to implement mas sively parallel sys tems in VLSI 
technology could lead to new forms of computation in which patte rn 
recogni tion and feature extrac tion with imperfec t informat ion become 
more nearly feas ible computationally and more reliable . 

With the rapid advances currently taking place in VLSI circui t  
technology and the neural sciences, the Navy could reap subs tantial 
bene fits through the funding of interdisciplinary research p rojec ts 
between the elec tronics and biological sciences communities. Thus, we 
are p leased that the Elec tronic s Division of the CRD has proposed an 
Accelerated Research Initiative (ARI) research program in this area in 
FY 1989 to: (a) promote a transfer of information between the two 
communi tie s , (b) develop mathema tic al models and algo ri thms for neural 
networks in order to gain a deeper unders tanding of their behavior, and 
(c) implement the se models  in VLSI circuit techno logy and study their 
behavior . In the future, implementa tion of these algorithms in op to· 
electronic sys tems could be f.easible. We also applaud the preliminary 
work at the NRL in this area. However, caution is advised. This is an 
extremely high - risk area in which it is difficult to make judgments 
about the quality of the research. Furthermore, major breakthroughs in 
the short term may no t be forthcoming. 
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The goal o f  this research should be to develop new forms of  algo
rithms and computation fo r information and signal processing . A bird 
and a plane both fly, but they are not identical structures. Simi
larly , a VLSI.¢ircuit may never be identical to the human brain, but 
this research could lead to a better understanding o f  the functional 
processes of the brain, and thus to a realization of some of these 
functions in electronic systems. 
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ELECTROMAGNETICS 

The e lectromagnetics program of the ONR has supported basic elec
tromagnetics res earch in radiation, propagation, and scattering that is 
highly relevant to the development of Navy radar, communication, and 
remo te sens ing sys tems. Because the electronic devices and ci rcuits 
that comprise these systems are rapidly changing, there continue to be 
urgent requirements to solve new and challenging electromagnetic prob
lems . We, there fore, encourage the ONR to continue supporting basic 
research in elec tromagnetics. We also recommend that the ONR increase 
its support o f  research in the areas of advanced sens or device s and sys
tems for remo te sensing, and the electromagnetic analys i s  and mode ling 
o f  monolithic integrated circuits. 

ADVANCED SENSOR DEVICES AND SYSTEMS FOR REMOTE SENSING 

Radar and radiome ter systems show great promise for remo tely 
sens ing oceanic and atmospheric parameters that are critical to naval 
operations . Mic rowave ins truments on the SEASAT sate l lite launched by 
the National Aeronautics and Space Administration ( NASA)  in 1977 demon 
strated that synoptic measurements of ocean wave heights, surface 
winds, and sea- ice coverage can be achieved. The Navy has not been 
able to fully exploit these early successes owing to the unavailab i l i ty 
of suitable satellite platforms. Nevertheles s, the Navy has placed 
sensors on the GEOSAT satellites and is currently planning the N - ROSS 
experiments to further advance remote sensing techniques. 

The ONR has supported research that is relevant to the Navy ' s 
remote sensing objectives: research programs that study rough ( ocean )  
surface scattering o f  electromagnetic waves and the microwave emis s iv
ity o f  the ocean that may have payoff in detecting ship wakes . The se 
s tudies and o thers that are sugges ted below should provide important 
information that will enhance the Navy's remote sensing efforts. 

Backsround: The electromagnetic sensing sys tems for N - ROSS and 
remote sensing satellites launched by o ther agencies represent modest 
techno logical advances over SEASAT sys tems. However, the Navy's abil
ity to remo tely sense the ocean environment should be greatly enhanced 
by recent and future technological advances in devices, signal process
ing, and algorithm development. For example, the rapid improvement o f  
microwave, mill imete r wave, and infrared components should have major 
impact on the sensitivity, accuracy, and reliability of advanced sensor 
systems . Simil arly, improvements in computers and signal p roces sing 
techniques permit the real-time analysis of data and opportunities for 
adaptive systems that focus surveillance on specific areas or  objects 
such as ships . Final ly, increased unders tanding of elec tromagnetic 
propagation and scattering should enhance modeling efforts and the 
deve lopment o f  useful algorithms that are neces sary for extrac ting 
oceanic and atmospheric informa tion from sensor data. 
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Qb j ec tive s :  We rec ommend that the ONR supp o r t  bas i c  rese arch on 
advanced c oncep ts for remo te s ens ing ins truments . We also encoura&e 
the ONR to increas e i ts suppo r t  o f  bas i c  e le c tromagne t i c  s tudie s us e ful 
to the deve lopment of remo te s e ns ing algo r i thms that c an be  us ed to 
de term ine envi ronmental parame t e r s  such as , for examp l e , wind speed and 
direction, water vapo r and precipitation, ocean currents ( b o th surface 
and deep ocean)  , and sea i c e . Th i s  s upport  should be p rov'ide d  c oope ra 
t ive ly w i th o the r ONR p r ograms that have respons ib i l i ty fo r programs in 
oceanography and a tmosphe ric sc ienc e s . Par t icipa t i on in such programs 
by the e l e c troni c s  groups , howeve r ,  should be l imi ted to only those 
cases where i t  i s  c l ear that i nnovat ive e le c tronic c omponents o r  sys 
tems concep t s  are being a t temp ted . At p r e s ent , few oceanographers and 
atmo spher i c  physicis t s  know the p o s s ibilitie s that are pres ented by 
mode rn e l e c t ronic te chno logy . Tradit i onally ,  they have been mo re 
inte res ted in the " sc ienc e "  of the i r  own dis c ip l ines and have provided 
l i t t l e  support for the deve l opment o f innovat ive p rototyPe s ens ors . 
Cooperat ive e ffor t s  w i th the e l ec tron i c s  pro gram should acce l e rate the 
us e o f  modern device te chno lo gy and sys tems concepts in measur ing the 
ocean environment .  

Re search Pro&rams : Exampl e s  o f  h igh r i s k  areas that the e l e c 
troni c s  p rogram migh t c ons ide r include the fo l lowing : 

o Approache s to improve spat ia l re s o lut i on o f  targe t s  by 
pas s ive radiome t e r  sys tems . 

o Deve l opmen t  o f  l ow - l o s s  p l anar antenna arrays for radiome ter 
app l i cat ions .  

o Theore t i cal s tud ies  on the imag ing o f  ocean surfac e s  by syn 
the t i c  ape rture radars ( SARs ) . 

o Use o f  thinne d arrays for space app l ications . 
o Effec t s  o f  surface currents on radiat ive emi s s ib i l i ty and nor 

mal iz e d  radar c ro s s - s e c t ions . 
o Mul t i fre quency dopp l e r  radars  to me asure ocean sur face cur 

rents . 
o Nove l mi l l ime t e r  wave sensors  to me asure a tmos phe r ic water 

vap or . 

ELECTROMAGNETI C  ANALYSIS AN D MO D E L I NG I NTEGRATED C I RCU I T S  

A s  radar , c ommunicat ion , and comput ing sys tems p r oc e s s  data at 
h i ghe r speeds and operate a t  higher frequenc i e s  and w i de r  bandwidths , 
the Navy mus t b e  conc e rned w i th the p e r fo rmance l im i t s  plac ed on 
integrated c i rcu i t s  by electromagne tic propagation, sc atte r ing , and 
radiat ion . C i rcui t de s igne r s  o f  h i gh - speed d i gital and mic rowave and 
m i l l ime ter wave analog c i rcui ts are inc reas ingly confronted by 
e lec tromagne t i c s  p roblems tha t hamp e r  the de s i gn and op e ra t ion o f  
c i rcuits . Ther e fore , the re i s  a growing ne e d  t o  deve lop e lec 
t romagne tic mode l s  o f  dev i c e s  that c an b e  use d  in CAD . 

Background : Fo r many years  the ONR has s upp o r ted a number o f  
h i gh - qua l i ty res e arch e ffo r t s  that have p rovided valuab le ins i ghts into 
obtaining e le c tromagne t i c  s o lut ions r e levant to  the Navy ' s interes ts . 
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Bas ic theoretical studies have gre a t ly enhanced the ab i l i ty to analyze 
and compute radiative prope r t i e s  of antennas and the s c a t te r ing 
characteristics o f  radar targe t s . Re c ently , ONR s upp o r t  has inc luded 
the study of  & lect romagne t i c  phenomena in mode rn integrated c ircu i t s . 
The electromagne tic inte rac t i ons in h i gh - speed inte grated c ircuits , 
pulse transmission in p l anar s truc ture s ,  and the coup l ing between 
integrated microstr ip transm i s s ion l ine s are examp l e s  of new ONR
supported studies. We recoromend tha t add i t ional rese arch support be 
provided in this area tha t is a ime d at p l ac ing radiat ing e lements on 
monol ithic in tegrated c i rcuits . 

Ob 1 ectiyes : Antennas are impor tant components in radar and 
communication systems . In the pas t ,  antenna de s i gn c ould be accom
plished quite independently of the c i rcu i t  and sys tem desi gns. The 
advent of mono l ithi c  inte grated c i rc u i t s , howeve r , suggests that 
radiating e lements migh t  be integrated into the mono l ithic structure at 
millimeter wave lengths .  Th i s  approach minimizes long transmiss ion 
paths , which will imp rove the no i s e  p e r fo rmanc e o f the system . For 
this approach to succee d ,  a numbe r  o f  impor tant technical issues must 
be resolved . For examp l e , viab l e  device mode l s  mus t be created owing 
to the increased role tha t  CAD s o f tware w i l l  p l ay in the design and 
fabrication proc e s s ; new and innovat ive arch i tec ture s are needed to 
e fficiently uti l ize the ch ip real e s tate ; new e lec tronic components 
such as phase sh i fters mus t be create d ; and the p ropagat ion , coupling , 
and radiative p rope r t i e s  o f  mi l l ime ter wave s must be understood for the 
monol ithic c i rcuit . 

We encoura1e the e lec troni c s  program to support basic research 
that addresses the above i s sue s  and thos e  related to the eventual 
imp lementation o f  mono l i th ic mi l l ime te r  wave l ength technology . The 
advantages that th i s  te chno logy p r e s ents fo r compac t radar and 
communicat ion sys tems indicate tha t  the payo ff w i l l  be great in the 
future . 

The analysis and mo de l ing o f  mono l i thic integrated c i rcui ts 
require that re s e arche rs mus t be we l l - ve rs e d  in bo th s o l id state 
e lec tronics and e le c tromagne t ic s . Conse quently , we enc ourage the 
e lectronics program ' s supp o r t  of an inte r d i s c i p l inary r e search program 
in which the p rinc ipal inve s t i gators are c l o s e ly coup led to integrated 
c ircuit desi gn and fab r i c a t ion . Recent advanc e s  in optoe l e c tronic 
devices and supe rconduc t iv i ty p r e s ent new oppor tuni t i e s  for research 
support by the ONR in the fo l low ing two areas . 

Qpt ical Control o f  Mic rowave Dev i c e s : Rec ent ly , the re has been 
cons iderable work done on the deve lopment of new dev ices for use in 
monolithic op t ical inte grated c i rcuits . To date , o p t ical inte gra ted 
circuits and mono l i thic microwave integrated c i rcui t s  have generally 
been cons idered to b e  two separate fie lds of r e s e arch . However , the 
fac t that the same mat e r ia l s , such as GaAs , c an be e ffe c t ive ly used to 
produce both optical and microwave dev i c e s  s ugge s t s tha t  the two fields 
may merge to p roduce op t ic a l  m i c rowave mono l i th i c  integrated c i rcuits. 
These require s trong backgrounds in bo th e l e c t romagne t i c s  and solid  
state areas. The re have b e e n  suc c e s s ful technique s fo r o p t ical con
trols o f  microwave s igna l s , inc luding op t ic a l  mo dul a t ion and switching , 
optical phase shifters , o r  op t i cal gene r a t ion and de t e c t ion o f  micro -
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wave s ignal s . S ince the convent i ona l m i c r owave wave guide s and phas e 
shifte rs are usually bulky , the use o f  op t i cal components w i l l  reduce 
s i z e  and we i ght prob lems . The op t ic a l  sys tem may a l s o  b e  immune from 
e lec tromagne t!� interfe rence . Thus the r e s earch in the op t i c al control 
o f  microwave device s ,  inc luding the mono l i th i c  op toe l ec tronic inte 
grated c i rcui ts , should be ve ry impor tant for future e l ec tronic 
sys tems . 

Syperc onduc t in& Antennas and Inte &ra ted C i rcui t s : The recent 
di s c ove ry of hi gh - tempe rature supe rconduc t ing mate r i als has revived 
inte re s t  in the re s earch on mic rowave integrated c i rcui ts and antennas 
us ing superconduc t ing mate r i al s , wh ich was unde r intens ive inve s tiga 
t i on i n  the l a te 1 9 60 s . The major reason i s  that supe rconduc tors wi l l  
reduce the conduc t ing l o s s  s i gni ficant l y  in the p ropaga t i on s tructures 
such as transm i s s ion l ine s and antennas , thus e nhanc ing the respons iv
i ty or the s i gnal - to - no i se  ratio. The po s s ibil i ty of high - temperature 
superconduc tors may no t only e l iminate  the ne c e s s i ty o f  cool ing sys tems 
but also s i gn i f i cant ly improve the pe r fo rmance o f  the m i c rowave antenna 
sys tem . However, more work is nec e s s ary to evaluate the ove rall 
performance o f  a superconduc t ing microwave inte grated c ircu i t  with 
antennas . 

# 
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S PACE SCI ENCES 

The space sc iences program at the ONR has had a long and di stin 
guished his tory , s ome o f  wh ich l a i d  the foundat ions fo r  the field prior 
to launch o f  the firs t ar t i f i c ial s a te l l i te s . It i s  evident from the 
FY 1986 report that a bas e l ine res earch p ro gram cont inue s to support 
important research in th is area , whi ch i s  bec oming mo re s igni ficant to 
the Navy ' s miss ion as many e s s ent ial as s e t s  are located in near - earth 
space and mus t operate unde r a var i e ty o f  envi ronmental condi tions , 
both natural and manmade . 

Evidence has ac cumul ated in recent years , however , that active 
modification of the near - e arth space envi ronment is l ike ly to assume a 
very important role, b o th as a me ans o f  enhanc ing and control l ing com
municati ons and o f  interfer ing wi th s imi lar ac t ivi t i e s  by potential 
adve rsaries . There ex i s ts , the re fore , a ne ed to pursue a program o f  
experimental and s imula t i on s tudi e s  that w i l l  p rovi de bas ic under 
s tanding o f  the plasma phys ical proce s s e s  operating in the near - earth 
environment. Such unde rs tanding w i l l  then lead to potential opera
tional sys tems in the next dec ade and b eyond . 

S ECOND GENERATION IONOSPHERI C MODIFICATION FAC ILITY 

Back1ound :  Ove r the pas t two decades, ground -based ionospheric 
heating fac i l ities uti l iz ing powe r ful HF t ransmi tte rs have been 
developed in the United S tates , the S ov i e t  Union ,  and Europe. These  
fac i l ities , with e ffe c t ive radiated p owe rs o f  50 - 400 MW, have produced 
a var iety of intere sting and po tent ial ly us e ful e ffects resul ting from 
the interac t ion of intens e HF radio wave s w i th the ionosphe re. Among 
these are direct i onosphe r i c  generat ion o f ul tralow frequency (ULF) , 
extreme ly low frequency ( ELF ) , and ve ry low frequency ( VLF) waves , 
format ion of ionospher ic s truc ture s ,  and d i rec t heat ing o f  the iono 
spher ic plasma . In addi t i on ,  i t  has been demons trated that intense 
radio wave s ignals stimulate p l asma ins tab i l i ty p roce s s e s  in the 
ionosphere . • A  direc t  consequence o f  th i s  s t imulation is strong 
absorption of the inc ident radio fre quency energy . 

Although the ONR funde d work in th i s  area through the HI PAS fac i l 
ity , the power generated was no t adequa te to ach ieve s igni f i c ant 
e ffec ts . Wi th the c onc lus ion o f  the H I PAS p ro gram , i t  i s  nece ssary to 
cons ider a s econd - gene rat ion fac i l i ty that could be us e d  as a research 
tool into the early 1 9 9 0 s  and could we l l  have impor tant ope rational 
util i ty i n  that t ime frame . The pr inc ip a l  obj e c t ive would be to 
develop a high - powe r , ground - based , ionosphe r ic heat ing fac ili ty for 
communicat ions and surve i l lanc e . 

Re leyanse to Nayy Requi rements : The wide - rang ing e ffec ts induced 
by ground- based heaters lead to cons iderations o f  ( a )  the potential 
appl ications that these fac i l i t i e s  migh t  have in the fie lds o f  communi 

cations and surve i l lance , and ( b )  the form that advance d  second - gene r 
ation heat ing fac i l iti e s  might have . Calcul a t i ons have indicated that 
more powerful heating ins tal l a t ions should b e  capab l e  o f  p roduc ing 
enhanced ioni zation laye rs in the ionosphe r e . The s e  l aye rs would be 
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capable of  supporting contro l l ab l e  long - range communicat ion l inks and 
ove r - the -horizon ( OTH ) radar c overage . O ther re s e arche r s  have dem 
ons trated that more powe r ful ionosphe r i c  heaters would be c apab l e  o f  
dire c t  genera�ion o f  s t rong VLF and E LF  s i gna l s  w i th i n  the i ono sphe re . 
These low - frequency s ignal s  could also be ut i l ized fo r communicat ion 
purposes. Final ly, an advanced iono sphe r ic heat ing fac i l i ty could 
produce contro l lab le p e r turbat ions o f  the ionosphe r e . The s e  pertur 
bations could be impos e d  along the path o f  s a te l l i te - to - ground and 
ground - to - ground communicat ion sys tems to tes t the i r  operat ional 
capab i l i t ies under dis turbed cond i t ions . 

Re search Procram : An advanced ionosphe r ic heat ing fac i l i ty would 
need to have an e ffec tive radiated powe r ranging from 1 - 2  gigawatts to 
produce the antic ipated e ffects . Th i s  i s  app rox imate ly an order  of  
magni tude greater than the powe r capab i l i t i e s  o f  e x i s t ing U . S .  heating 
fac i l i ti e s ; fur thermore , an advanced fac i l i ty would need frequency 
ab i l i ty wi thin the HF band , and i t  would nee d  beam s te e r ing so that the 
heated ionosphe r ic vo lume m i gh t  be fo rme d in an ove rhe ad o r  ob l ique 
direction. The contemp l ated fac i l i ty could ut i l i z e  a large two - dimen 
s ional phased array o f  me dium powe red ( 1 - 10 kW) s o l id s tate trans 
mitters and cro s s - po l ar i zed log p e r iodic antennas . 
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APPEND I X  A 

Naval Studies Board 
Electronic s Pane l 

National Academy of Sciences 
Washin�ton , D . C .  

June 3 0  - July 1 ,  1 9 8 7  

A�enda 

Tuesday , June 3 0 - NAS 2 8 0  

0 8 3 0 -0900  

0 9 0 0 - 0 9 3 0  

0 9 3 0 - 1 0 4 0  

1 0 4 0 - 1 1 5 0  

1 1 5 0 - 1 2 3 0  

1 2 3 0 - 1 3 0 0  

1 3 0 0 - 1 4 0 0  

1 4 0 0 - 1 4 3 0  

1 4 3 0- 1 8 0 0  

1800 

INTRODUCTION 

Drs . Kostof f /Mos s ,  ONR 

OVERVIEW - SEM 

Dr . Borsuk , CRP 

ELECTRONI CS 

Dr . Borsuk , NRL 

ELECTRONI CS 

Dr . Davi s , CRP 

ELECTRONICS 

Dr . Whi tin� , ARP 

Open Discus s ion 

Lunch 

Open Di scus s ion 

Executive Ses s ion 

Adj ourn 

Wedne sday , July 1 - JH 4 5 1  

0 8 3 0 - 1 2 0 0  

1 2 0 0 - 1 3 0 0  

1 3 0 0 - 1 8 0 0  

1800 

Executive Sess ion 

Lunch 

Executive Ses s ion 

Adj ourn 
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