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For the 1972 highlighted tasks under the NELC IR & IED programs, the choice of several efforts which are at
the interface between electronics, optics, and solid-state physics is symptomatic of the thrust of technology on an
.iternational le% e!. Discipline boundaries have blurred, the once formidable barriers between research scientist,
develoornent engineer, and production engineer are yielding to the need to cut down the time and cost of the
RDT&E .ycle. At NELC, the discretionary funds give the Center the opportunity to exercise initiative in accelera-
ting th, process i an experimental fashion free of many constraints that accompany sponsored tasks.

The fib,:r optics program showcases many of the intrinsic merits of what can be done with discretionary funds.
A major improvt ient in the control of a materials production process, the development of optical fibers, a broad
existin,, c4,pability at NELC in clectro-optics, and an unanswered Fleet problem at NUC together gave rise to a re-
quest fnr additicnal funds to the Director of Navy Laboratories which was approved. The extension to intraplat-
form d~t~i transfer followed. During the past year, other sponsored applications were initiated while the practical
engineering considerations were initially addressed tinder the I ED program. Meanwhile, the consideration of sys-
tems use stimulated the Independent Research funded task on minimizing the number of pholon-clectron inter-
"faces by studying the kinds of initial signal guiding. modulating. splittin•. and c•n•hining ijn'!tin-inn th:it inuhld he
performed optically by the processing of solid-state materials.

The luminescent materials programs show again the interaction of researcher, designer, and purchaser. The basic
science background knowledge is being applied to produce more flexible phosphors for displays af enhanced
flexibility and capability and to free the procurement of phosphors from proprietary, empirical data and base the
selection of materials on a reproducible, scientifically-based pertinent measurement program.
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jfighlight4 kf Y72
Integrated Optical plays, and entirely new areas stimulated by this

6 technology. This research field is new and dynamic;

C~ircuits estimates for realization of devices and systems range
fromt 2 to 5 years.

D.J. Albares The Integrated Optics Program at NELC was
partly a natural outgrowth of an independent research

T1he basic clement in integrated optical circuits is lthe programn conducted in thin-film optics and platelet
thin-film optical vvayeguide. Two FY 72 achievements of lasers in FY7 1. In addition to the scien tiflic findings of
the NFL1.C investigation into the fabrication procSesse of the FY72 program. it led directly to the establishment
waveguide structures in single-crystal semiconductor of a broader research program in this field sponsored
compounds.- by the Advanced Research Projects Agency, managed by
1. Solid-state diffuision of a dopant into a I/- VI semti- NELC, and involving both industrial and university
conductor crystal substrate to create a higher-index laboratories. Furthermore, a program ito =sCSS thle
Suiding regio n. applicability of integrated optics technology to avionics
2, Vize obserration of wai'eguiding in inS and ZnSe systems was formulated and undertaken during thc
films gro wn b 'Y heteroepi~axv onl GaAs substrates. year for tile Office of Naval Research.

e7The payoji of this tcolhnologr in fusture military svs- The Independent Research Program in FY72 was
tems is isolated-terininal. emti-fir'e. redundant. Iiiii- aimed at investigating the basic elemient of integrated
operatii-c infurmiation transfe'r applicable to nw~.jular optics, thle thin-filmn optical waveguide. Furthermore.
command control and conimnunicativns. attentiotn was directed to single-crystal filmns for their

_____________________________________________________ poxten tial tin futuire electro,-optical and nonlinear devices.
Consequently, work was done in the fabrication pro-

The concept of miniature optical components inter- cesses and properties 0l waveguide structures tin several
connected via optical waveguides on transparent dielec. single-crystal semiconductor compounds. Two important
tinc substrates is attractive fromt lthe standpoints of midi- results have eiierged fromn this work. one being tile pro-
tary iniformation transfer and ltigh-capucity (inulti.GHls) mising technique of solid-state diffusion of a dopant

telcomuicaios.Optical sources, modulators de- intio a Il-VI semniconductor crystal subs-trate ito creatit
tectors. filters, couplers, etc., mnight be incorporated a ltiglter-inde.x guiding eionad h oiie eting the
into "circuits" analogous to integrated electronic cir- observation of waveguliduwg in /nIS and /-rsc 111111S
cuits which would ex~ecute a variety of functioik with grown by heeopt~on GaiAs substrate%. The

sigifcat os-prfriatceadvantages. Celia.itzOal prote (1) offers thle possibility of fabricanting.
A great stimutlus to integrated optics has been the (tn 3 single substrate. optical circulit'\10 h ich e ~tihtei

advent of low-loss (<20 d&A/m). single-notie (> 10 favorable po.'z.sOf bith Il-Vl and M lll.mterials.
(;bitslsec aver a kml length) glass fiber w-aveguide: tin. mid ( 2) open -v~ - ioh~te -vot futlure "toomiolithwc
teprated optics would provide the necessay modulation Iptical oticu.ls.
banidwidth (at highert efficiency) required to match VICi dielectric waveguind cosailstis of a region 4f
these waveguides. A major interest tin integrated optics m-aterial of refraciovc ittdc\ n I Wunded by a regionIfront a military systemt standpoint is tile potential for With lower refra~uive Wie.\ ii ,. In lthe language of
imlplementing a fibert optic tratnsmIssionl line, mul11ti- ieoienctCAl cptics. the rays fromn lte high-indes re.
termninal Ilultiplexing systemt throughl low-loss lute- gr-on undergo total it~ernal reflection at lthe interface

*grated optic coupling and modulation elemenits. This ftir angles ir~este than tile crittical angle. Waveguides
would offer isolated-terwuinal1. crni-free. redundant. luave been fabricated both tin planiar sl getntwtry
6fil-opesative information transfer. thus facilitating and in chantiel cotnfigurations. Figure I illustrates
tile truly modular tuiJLud 4n1g distributed computer) channel guides coifigmnred fot a coupler. a modulator.
commiand control and communication "ystem. and a fillte. Ditmensiu'ns of a single-mode guide for

The potential '.scs for integtated optics c\ tend visible ligbt would bec I x Spin with a I", change in

beyond communications syslteni. Thew. circuits ate index. Processes for creating an elevated index include
espected to find applications in optical informa~tion ion exchange. particle bomnbardnient, sputtering.
pbocessors. optical inforitution storage systeins. dis- evaporation. diffusiott. and epitaxy.



ELECTRCOPTIC W~ERIAL LOOP K101014A)IT AT microscope objective. Measurements were made of the
MOJA13VOLTAGE 2 light emerging from the opposite edge of the film wave-

METAWLC ELECTRODES V guide to determine its sailpoleand plrzto
properties. Estimates of total losses were made from
the measured incident and emerging intensities.
Attenuation in the waveguidos was determined from
the light scattered out of the guide as a function of

distance along the guide, assuming the scattering
sources were uniformly distributed. The physical pro-

COUPLER MOOULATOR FXTER etcofteesrcuewreierdfomlL

podranalysis. Supportive work was performed in
Figure 1. Channel gusides confiagured fior a coupler, a the measurement of diffusion parameters, fluores-
modulator, and a filter. cence, and laser properties of graded-band-gap plate-

let o th C(S.c)system.
Thle diffusion approach was investigated using Channel waveguides were produced by shadow.

Hl-I single-crystal substrates which generally have masking the substrates with glass fibers during anl
sizable electro-optic coefficieýnts and low loss to visible SiO evaporation step prior to the diffusions. This re-
and near-infrared radiation. Thle technique is simple sulted in a relatively smooth mask through which the
and inexpensive. can produce index changes up to diffusanit could pass, forming the channel as illustrated
about 5%, and offers inherently smoother "walls," a in figure 2. Thle best results were obtained with

grequisite for reducing losses due to scattering from tile cadmium-diffused ZnSe. which exhibitcd losses less
guide walls. By diffusing cadmium or seleniuim into than 3 11B/cmn (present limit of resolutioni I'm the samn-
ZoSe, ZuS, and UdS substrates, mixed single-crystal pie length). present estimates indicate this figure may
planar waveguides were formed ranging in% thickness be acceptable for devices. Chiatnels 2 micrometers deep
from 2 to 12 micrometers. Figure 2 illustrates the and 5 micrometers wide produced sirigle-niodc propaga.
diffusion steps for fabricating a channel guide and tion ot red light as evidenved by tud ineiins ud
the materials involved. Commercial crystal substrates gradieiits, and tile po~larization character of thle lighit,
were used ranging up to about I cm, in leigihi. [it somne Thewscond approach investigated is t'rat of lictero,-
cases, thermal et~ching of thle surface becamie serious epitaxial growth ot graded index Il-INcmoud onl
and was treated effectively by hicluding powdered sub- GaAs. It appears to offer the advantages of both
strate material in excess of thle amount required to materials. Inl particular, lthe lIIVI features of hlijh-
t:stablish equilibrium iii thle diffusiout chamber. resistivity 611l11, low absorption inl thle viible and Pear-

IR. good ehCtroI-Optic: k01C101ti5ciemts, adpotential for
diffusion dopting Could be uitilited along Wilitilre Well-
developed technology and thle junction source and

so, CAdtefector capabilities of thle jjJ,\t%ý This 11trcuctur 06
w, ua~ uaticularly %vell adapted to applying rnouxhimn$

ceoletri fields tit thle clectro-optic Wiveguide film11. 51inceCI "A a potential appilted across the high-re~sotivit) Wilm and a
lo%.r-es~lstvity GaAs suibsitite will be voncentrtated
acros the filmn o-ocirdingly. A circuit can be erniviioned

WAtut W" to which thle lunctitui sourcei, and -detetctors are fabin-
Sol* CAcited inl the GaA% substraies and thewc are c~oupled with

___ t4It .I filin waveguides where ttundulat ton, switching.
-~ emternal coupling, arid other functions are lier formed.

Foims of Zumce and of ZsS on WaA%. obutined commet-
ciahly. have extubited goodI optitcal quality lOmsa

guie.In %unlinars'. thle Program has estabhislw 4 ipotnxfant

lktliC3a pataittetef: and techIqJUes5 Ill fabiiCatnlP anld
chamtactrititg optical wavegaides. both niultimode and

In thewe experiments. (i328-A light wras focused onto %ingle mode, by diffusion doping of Il-VI smbstrates,.
the cleaved edg of the crystal waveguide filmn via a Phits approach aplvats to be a relatively sirnple. uitex-



Ivensive way to obtain guides in optically active single- UBLICATIONS
cn'stal structures and is a promising candidate for lylor, I4. F., Smiley, V. N., Martin, W. E. and Pawka,
future device work. Second, planar waveguide films of S. S., "Fluorescence of Graded-Band-Gap CdSxSel x
II.VI compounds grown by heteroepitaxy upon GaAs Crystals Produced by Diffusion," Physical Review
substrates have been found to have good optical quality. B, 1467 (1972)
This opens up attractive device aspects using the pro- Taylor, H. F., Martin, W. E., Hall, D. B. and Smiley,
perties of both types of materials. In both II-VI and V. N., "Fabrication of Singl-Crystal Semiconductor
II-VI/III-V systems the program has identified im-
portant research avenues to be explored. An important Applied Physics Letters, I August 1972
one is the investigation of electro-optical phase modula-
tion and deflection in the waveguide region. Another Martin, W. E. and Hall, D. B.. "Diffused Waveguides in

is the more precise characterization of the diffi-sed Ib-VI Compounds," Applied Physics Letters (to
waveguide region and theoretical interpretation of the
propagation behavior, including mode conversion.
scattering losses, field distributions, and coupling. ZRO000. 01.0O

This program represents an initial effort in a new and (NEXCZ162)

multidisciplinary field with both substantial risks and
substantial payoffs; it has opened new avenues of in- Contact:
vestigation, led to a program in technology and avionics I). J. Albares
applications evaluation, and stimulated a broader NELC Code 2500
coordinated research effort for the Navy and the 225-7831
Department of Defense.
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J~;jJ)~. ~acknowledging rerceipt of the data. In the fiber optics
LRLF~Lreplacement cable the clectro-optical interface and the
Connn nicaionselectronics for transforming thc parallel data output to

serial data are contained in the terminal connector.
J. F. Bryant Figure 2 shows the electro-optical interface; the upper

circuit board contains the light-emitting diode source
FY72wasa yar f ecitng pogrss n te N! C that connects to the fiber bundle on the right. Beneath

the transmitter board is thle photodiode receiver thateffort to introduce this promtising new technology into detects data acknowledgment. The electro-optical
NavyandA)DsericegenraldataL system exceeds the slow NTDS data rate inDemonstrated the feasi bility of fiber optics seiaaoertin

transfer systemis by developing the NTDS fiber optics A second digital fiber optics telemetry system,
ZCab utdlete. ierbnle odeemn designed to be incorporated within an acoustic tow

the effects of. tensile. torsional. and environmentalcal.wslosuesflyttd(eeOialM ti

stress. exn.

0 Constructed a unumber of fiber optics systems.
both digital and anah'g.

0 Successjidllv tested a digital fiber optics tele-
Pnetv systemn designed for incorporation within an
acoustic tow cable.

0 Developed an clectro-optical fiber optics data
imnsnisionsystemn fi~r NA VFLLX fi.tr precise tfimee and timne interval distribution.
0 Developed audit) and video) systemis ito de,,u'n-

strate the applicability ol injorination tialasfivr thro)ughI
fiber optics fi~r voice and picture presentationa. and

0 Conaducted a Ao)- wide conjeit'nce of fiber
upticsCommu~nuincations.

Fiber optics transmission lines have conspicuous
advanltages over conventional electrical lines: EFiurc I. N7DS cabkes fbrotc cne)adc

0 Thecre is no eml cable radiatioll reatit',l 7rmi fiber tiptirs bundles replace 43 tuisted
0 Theme is no emt cublc pickup sltirldedpaim
0 There ate no giouundiog problesm. no shlort

Circuits
0 Thle lines are Miraller in swe allf1 holtef in weight

rof a given bandwidth
* lire> arc h104t and file vesistanI.
Enthuiastic liVer 41Ce potential for 11ilitary systems

Wplesrn ted bY these checcttc.N-1C prtoscuted
aVikolous Cam~paign in FY 12 aeantsvrl ftepo

bletns that normnally make tile irtrou~tction of a new ~

development of sp)ecifications. and procurement of
mnaterials ;.nd components

Thec feassbility of fiber optics data transfer systems
W2% demons11trted throughl the development of tile
XTlUS fiber optics cable (figure I1). VIC wife cable.

conta(ining 32- twisted shitelded pails for data trans-
intsson, fourt twisted shielded pains for coutrdl signaS.
and nine panfS for Vale. can be replacd by two fibeor Fpigre 2. Elecaro-ptlIM interfac. UApper biard con.
optncs bundles. one for data trairnission and one for tains LED wunirtv Aiutodimlk receiver is con underside.



Another application of fiber optics to military sys-
terns is precise time and time interval (PTTI) distribu-
lion. Under the sponsorship of NAVELEX, an electro-
optical fiber optics data transmission system was
developed. The demonstration unit is shown in figure
3: electrical input signals are used to modulate the light r ~
output of a semiconductor light-emitting diode that is...............
coupled by a fiber optics transmission cable to the
receiver. The receiver converts thle light pulses into ant
electrical signal. The unit is capable of handling square-

V . wave pulses up to 10 MI-z. The installation of a fiber
optics system at a PITI site in Hawaii is scheduled for
FY73.

Audio and video systems were developed to demon-
strate the applicability of infoirnation transfer through Figure 3. Demronstration data transmission syStein
fiber optics for voice and picture presentation. The developed by N1W Cfor NA VELEX for precise time
audio link encodes the linear signals by pulse position and time interval distribution.
modulation of a semiconductor light source for trans-
mission over lthe fiber optics line, while analog modula-
lion of the source is used for the video link.

A new program to be initiated in FY73 6lithe suiting
out of the A-7 navigation and weapon delivcry system

e with a fiber optics data transfer system. This work is
to be sponsored by NAVAl R.

As with any newly developing technology, it is
necessary to use the comnponents of older technologies-,
for example, there are no standard connector or
coupling devices as found in tile use of wire and coa~xial
cable transmission systems. Interim use is being moade of
modifications of IJNC, multipin, and specially muchined
connectors. This points lip thle need for tinific;ation early

in thle development cycle (if components since fiber optics
requires that thle emitter or detector be placed in close
prox~itnity to tile end of the fiber bundle to capture the k F~-p~rr pwi~Ait.
miaximium 3tmount of radiation for transnission.

Tile Center Ila% de~vloped a smail f epatr and splicing
kit that wkill meet the needs of most field users (tigute 4).
Thle kit Contains 3Hl the neCeSry 1111trIAl for hotidiligý condJctcd a Dot).witde coiiferenie kin fiber opti11c% c"Ill-
lthe fiber ends togtheia d rinng and polishing to10uatusi FY7Z. ltepfetentallnes froin many gov-
insure good optic-al fina~. Roeullts withi wlilcmtg mid end eruientl agencie% init w%-Ith people front Ind'. try wotk.
ltrmination finishling hlave been encosragiull. itigwith and iinfcun.fibet optic &evces anld $)P,

A- part of lthe development of fIber optics technology tents to dicus lthe steeds in lthe developulent of a
) ~ lthe Centet conducted ttests on fiber bundles to doeteunmc fechnolo"ty that '.ould urtviVe inl thle rgru n-r

thle effect,% of tensle. torsional. and enviuorinclnta-l mniti of militarY 3pplications. Abstracts of lthe- P31%rt
sitess. Althouscgh win,: tesils Ilave been performned by the plesentcd were publishied by NU-LC VIccio-Opttcss
rnanutfacrurns~. there j% no body of informlation upon1 Teclniology flivisioni. Tile ftipwonws of the ttwilotg s

s.-hicli pelforlniance standards% can be foimulated. It is that Imany applications couild be 14mplemt"C ed with Cx-N
expected that tileig tests wvill be continued to provide isting matetial, bilt tha31 man2y Compxnents of thle tech-

)data (fr all branches% of thle ýttrvtct (or demign applica- nomoty need to be developed specifically fot fiber optwq
timis and for 'he wfiling of militarY 5s cifiCations (i 0eeopi of low-kiss fiber to allow i tamnimnsrsi oVer
fiber optics c~ables, gseaitr disances is needed as wrll as cotiponents for

Reahlirm thle need fol cooperationl in the develop- coueling in and out of data link,% with a mtinimum ot
mont of fiber opti" in thle tuditaty Services. the Ceniter los. Development of dual-modle Wminco.nductor dtha



c~an emit or detcct iight pulses is also desirable. Such
dc~ices would reduce the number of components needed
to construct a data transmit and receive system. Con-
nectors need to be developed for fiber aptics bundles ZFXX.212.001 -

for single-bundle and mulltaplc-bundle network applica- (NELCZ246)
tions.

These problems will be dealt with energetically, and Contact:
it is expected that fiber optics transmission lines will be J. F. Bryant
incorporated into the design of' a variety of miilitary sys- NELC Code 2500
tems in the next I to 2 years. 225-7740

The photograph presents an example of current
S1practice in equipment interconnects. The dra-ving

emphasizes the mechanical advantages of infurma-
* l~~ion transfer &sa glSs fibers. Despite complex and

voluminous data flow. interconnection is mnwwe-
able plus space and iweight saiwng. Not apparent
are smeothercogetides points:Sufibers

iwd do not iudwate or ab sorb infonwjiioir rert.-ro-
nwgxet~aWl. hence are secure.

.. . ...
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Luminscen andPHOSPHOR EVALUATION PROGRAM
Lumin scen andThe purpose of the phosphor evaluation program is

Electronic M aterials to chzract...rizc new and existing phosphors by unique
physical parameters which serve as criteria for the ac-
ceptability. efficiency, and suitability of particular phos.

H. H. Casper% phors for giver, applications or for thle design of new

equipment.
Under the Materials progainam NEL C explores new cona- One of the important tnea.,urenients is thle deter-

cepts and isat eralis for potential applications and ci'alu- minauion of the spectral irradiance of cathodo)lumiines-
at es phosphors fo~r application to ('R display. cent phosphors under certain conditions of CRT current
Exploration: Curn'nts.riiintfflY ol the utnique properties density. accelerating potential. and method of deposi-z

of the rare earths. 16ir example, cant lead to the dJevelop- lion. The spectral irradiance is a measure of the absolute
mecnt of voltage-sekectable tiutlticolor CRT7'screens and inte'nsity of the phosphor emission as a function of
Solid-state lamp$ which up,-ronvert IR fromi a lk~ht- spectral wavelength. These ineasurenients provide im-

emiinittn diode ito visible radiation in the green or blise. portant information for tile improvemetnt of phusphors.
E~valuaationi: Ntl.lXdevelvp~ed equipm~enit anid pm~-ti- since these can) be more readily associated with the
dures simnplifv a proccss which conventionally i's expen- physical processes and energy coniversion mnechan-snlis
sire and cotypkex. 77w ph-Iosphior isdeposite-d tiit) a involved within the materials. Ohi the other hand.

conducting glass substrate. 17wt wsistrate is Wsertced into spectral irr;idiance data may be transfornied to jininti-
a denmountable. mnultisamtple C1, ". where it is induced it) ties more mieaningful ito hunian observer% and engineer-

sirmulate thre Jiceplate of a (W 7display,. A bsolute ing applk-ations by weighting irradizincc valuci with the
g ~spectral response is determined wil c-oniv-red it) a spectral response of the "tioritial' human ee

brightness ralue. 77tis inlorination is -heo frrmwtted so To facilitate thle a'toenliclttloncd iiteasureinciits. : de-
the CR 1'engineer can use it eff'eciveli, ins tube design. mtounitable, niultiizimpie CRT was. built into zit zisting

coinileriall high-vactium sy-ocit. The apparatus cOni~st'
ot a verticall% m~ontiled electron gull cipabl ol opera-
ting ito 25 kV ankd I t11iullimpcere spakx 's pros idcd I'm

Th1C riunmefous and itinovative apphicatimll of lunu*11 eVa1lution of up ito klur 5,antplo szinul tnoitle% W1% 111S
110CCnt mater0ialS in thC Ho~dernl NJVY requiret a COnW wottrutnent is wtwictu.-41>l dcprtocd in fivire I.ý
Itinuing cffol t of this laboratory to kcep abicast of file% I4tophor-, 4ic compajirrd !o a iooridar ittitancC
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/ A Figure 2. Spectral radiance from two phos-
S 1- -- --phor materials at 20-k V potential and

approximately 1-yA/cm2 current density for:
' (A) P1 9 phosphor powder screen, and

(B) 1:0 3 in YV0 4 single crystal.
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NEW PHOSPHOR MATERIALS 3. Infrared-to-visible experiments were performed on

Reccnt applications of the unique luminescent proper- sensitized and activated gadolinium molybdates con-
ties of rare-earth materials suggest possible wide-ranging taining (Yb, Er); (Yb, Ho); (Yb, Tm). Gallium arsinide

andovel improvements in display technology. For ex- diode infrared emission in the range 9200-9600 A was
ample, voltage-selectable multicolor CRT screens have used as the pumping radiation and converted to
been devised recently. Other examples include solid-state visible light by the co-doped rare-earth phosphors
i. mps wkich up-convert infrared radiation from a light. The samples containing (Yb, Er) converted infrared

emitting diode into visible radiation in the green or blue. to green light while the (Yb, Ho) combination con-
Such applications depend on the unusuadly narrow elec- verted IR to red light. No blue emission resulted
tronic energy levels in rare-earth salts, and these applica- from the Gd2(MoO 4)3:Yb, Tm.
tions have begun to accelerate. 4. The detailed characterization of Pr3+ in the quantum

Results of research on these materials have shown electronic host material LiYF 4 has been completed
tha. oxygen-ominated compounds, nonhygroscopic and is being prepared for publica' ion (ref. 3).
halides, and oxysulfides of rare-earth elements form 5. A new program has been initiated dealing with the
compounds that are highly efficient for cathodolumines- optical and electrical properties of wide-bandgap
cence and up-conversion applications. Among these com- l'-VI semiconductors. Renewed interest in these
pounds are rare-earth molybdates and isostructural com- compounds has resulted from the recent successes of:
pounds. 1,2 The group at NEL ` has been investigating v. Ac and dc electroluminesceince of Il-VI powders
and characterizing the .. ,ctronic properties of pure and films containing Mn and Cu activators for
t3-Gd 2 (MoO 4 '3, of various rare-earth activated applications to large panel display.i.
gadolinium compounds such as f-Gd 2c(oO4)3 : Eu, and b. The use of photoactivated liquid-crystal light
of various sensitized an2 activated compounds for valves and the use of CdS and ZnS photoconduc-of varpiioussensiin ed anf acdtvisibe conesounds fes. tors in connection with nematic/cholesteric liquid-The infrared-to-visible conversion exs'riments were crystal cells for their storage capability and opticalperformed on Gd2(M- O4)3: Yb, Er; Gd2(MoO4)3: Yb, processing applications.Ho; and Gd 2(MoO 4 )3 : Yb, Tm. Efforts have begun in sputtering and evaporation ofII-VI photoconductive materials for their use in electro-
I. The results on fGd-,(MoO4)3 revealed it to be aaexcelen hot naterai or ar~e~ith ativtio inthe luminescence and liquid-crystal cell applications.excellent host nmaterial for rari-e~trth at~tivation in the

range of 3000-50000 A. The observed ultraviolet REFERENCES
absorptions at 3000 A were identified as the
8S7/2 - 6 P7/ 2, 5/2, 3/0 transiti-ms. The intense in- I. Burchr-dt, J. J. and Bierstedt, P. E., Optical Properties of'
frared absorpt-ons beyond 5 pm are due, possibly, Ions in Crystals, edited by H. M. Crosswhite and H.
to a number of effects, one being the strong cec. "-. Moos, p. 339-345. lnterscience Publi, hers, Join
tlouii and vibiational absorptions of the (MoO4)-3  Wi',ey & Sons, New York
complex 2. Aizu. K., J. Phys. Soc. t.' Japan, 27, 389 (1969)2. Figure 4 shows the results of the characterization of 3. ,aspers, 11. H. t al, "Optical P. •lwrties ol Pr3+ in

the electronic properties of activated Gd,(MoC 4j3  LiYF 4 ," J. Chem. Pi)s. (to be submitted)
w.th lI:u3+. The intense group of narrow 'emission
lines at 6100 and 59(90 ,1 observed under ultraviolet ZRt 70. 01. 01
excitation ctrresp-nds It, transitions origmating tioni (NVI:I,'C163)
S1)0 to 3F-, states, respectively. Tlh, cathodolumi.
nescence of tthiq compound will be examineJ under Contact:
25-kV excitation and compa,-d ,,ith the observed II. 1I. ('jspcrs
bright red ,ithodoluminescent spectrum of YVO4 : NFL" (Code 2600
Eu3j+ 22+-6591
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The operator in this artist's conception of a future command control displa is using historical inforrnwtion. s/sownt
in red on the CR T, to evaluate current sensor information, shsown ite blue. 717w short -persistiseg blue tracks represent
the immiediate locations of live targets - ships, planes, aisd missiles. The long persisting red tracks, j~idisg with1 time, show where the targets have been over the preceding several minutes, thus establishing course and ipeed and
thereby enabling target' Identification. 1The compressed tracks are ships: the most spread-out tracks- are inissiles.

Timtely realiwaiion of thaese capabilities within the fleet may depend hea&'lly on contributions from anty number of
the tRIIED programs discussed lin this publication.



Spon"d o)gm 'Bse on
S4R/lED -'nitiatd 'Wo*k
(Only programs not listed in FY71 report are listed here.)

Funding NELC No. Title Based on

OPTICAL TECHNOLOGY AND APPLICATIONS

1. 6 21 05D ARPA S49-156 B403 Blue-Green Omega Mass Transport ZROI 1-01-01 (NELCZI60)
Dye Laser Transmitter Develop-
ment

2. 6 27 52N XF14-222-014 F211 Dye Development for Lasers ZFXX-512 (NELC Z212)

3. 6 11 5IN RRO14-11-04 F212 Integrated Optical Circuits in ZR021-03 (NELCZI62)
Avionics Systems

4. 6 11 O0D ARPA P2D1O F215 Integrated Optical Circuit ZR021-03 (NELC Z162)
Techniques

5. 6 36 07N U17-54 F216 Fiber Optic Control Data Link ZFXX-212 (NELC Z246)

MATERIAL SCIENCES

6. 6 23 OlD ARPA P2E90 T302 Very Low Transmittance Measure- ZROI 1-01-01 (NELC Z156)
and others ments of Solids

ELECTROMAGNETIC PROPAGATION

7. 6 27 24H DNA HD028 M213 Investigation of Atmospheric ZRO21.01 (NELC Z135)
Dynamics in die D-Region

SIGNAL AND INFORMATION PROCESSING

8. 6 27 20N XF14-222-018 11811 Detection of Covert Communica- ZFXX-212 (NELC Z222)
tions

MAN-MACHINE EFFECTIVENESS

9. 6 37 71N BUMEDM43.05 SI01 Visual Electrophysiological ZFOI1-0101 (NF.LC Z150)
Recording System

MICROELECTRONICS AND APPLICATIONS

10. 6 27 55N UFPO-342-405 R503 Mlicroelectronics Radiation ZROI11'.01 (NELC Z159)
UFOO-545.401 Resistance

I1. 6 27 55N XF52.545-017 R134 Solid State Reliability ZFXX-512 (NELC Z229)

12. 6 27 15N WF00545.606 R210 Elastic Transfer Power Supply ZFXX.S12 (NELC 1251)
Analysis
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Summaris of I

j~ewarIJlw'roject~s
I osphe Picments, a combination of exponential segments andLower Ionosp eric Ph sics parabolic layers, orva Chiebyshev polynomial representa.

don of the natural log of electron density to describe
INTRODUCTION the electron-density profile. Of these the Chebyshev

Accurate forecasts of vlf/elf broadcast coverage arm polynomial appears most useful. The measure of de-
needed for operational fleet commanders and for de- parture between measured and calculated data has
termining emergency network design parameters. The been expanded to include, along with sums of squares
purpose of this program is to establish the feasibility of of differences between measured and calculated data,
obtaining data on which the forecasts can be based via a terms derived from first- and second-order differences
net of inexpensive vlf sounders or special monitors locat- in changes of reflection coefficients with frequency. A
ed near the Omega Navigation System transmitters. study of optimum starting profiles has given inconclu-

Numerical met hods are available for calculating vlf sive results. Starting profiles near the correct solution
and elf communications coverage and performance char- sometimes require more steps for optimization than
acteristics given accurate descriptions of the electron- starting profiles far from the correct solution.
density and collision-frequency profiles in the lower A promising new approach growing out of a method
ionosphere. The usual hf radio and rocket sounding developed in FY71 not only treats minimization of dif-
techniques fail to provide this information because of ferences between measured and calculated data but also
the low electron and high neutral particle densities of constrains the ionospheric profile by requiring the sec-
the region. NELC has pioneered an approach to obtain ond-order curvature of the profile to be minimal. The
the required data from steep-incidence vlf radio-sound- method also much expedites the profile adjustment tech-
ing measurements. Full-wave methods are applied to an nique by starting the search with an exponential profile
adjustable model of the ionosphere to obtain reflection and gradually incrementing a constraint parameter so
coefficients or waveguide mode parameters. The iono- that adjustment steps always tend toward minimiza-
spheric parameters are automatically adjusted until dif- tion. The technique has been used to obtain both the
ferences between calculated and measured data are mini- electron-density profile and collision-frequency profile
mal, at which juncture the ionospheric parameters of the from NELC vlf sounder data. Itf some limits to the accu-
model are near coincidence with the real ionosphere at racy of the measured data are known, error limits on
the time the measured data were taken. the best.fit electron-density profile are also obtained.

One extremely promising new formulation uses
measured values of field strength at a number of posi-

PROGRESS DURING FY72 tions distant from a vif or elf transmitter or spherics

Several approaches for obtaining D.region election source as the independent data. After these data are
densities fron vlf and elf data are being evaluated sinul- related to waveguide mode parameters, which are in
taneously. Differences lie principally In the functional turn related to the ionospheric profiles of electron
forms which describe the ionospheric profile, the huineri- density and collision frequency, the minini,,ation
cal methods used to determine the adjustment direction process is applied to obtain the sought-after electron-
and step size. the assessment of error, etc. density profiles. In view of the wealth of long-path

One approach allows a choice of exponential seg- vlf data, this approach has tremendous potential.
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PUBLICATIONS Data to Obtain D-Region Electron-Density Dis- 7

IN-HOUSE PUBLICATIONS tributions," to be published in "Proceedings of a
Workshop on the Mathematics of Profile Inversion

Hill, J. R., A Method for Rapid Computations of VLF, (Ames Research Center, July 1971)," edited by L
Steep-Incidence Reflections from the Ionospheric Coln, NASA TMX-6 2150, 1972
D-Region, NELC Technical Report 1784 19 August
1971 ZROOO.01. 01

Shellman, C. H., A Profile Inversion Method Applied to (NELC Z135)

Finding D-Region Electron Densities from VLF Re-
flection Data, NELC Technical Note 2030 3 May
1972 Contact:

W. F. Moler
WORKSHOP PROCEEDINGS NELC Code 2200

Shellman, C. H., "The Inversion of VLF/LF Sounder 225-7677
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Digtal SystemsA program for simulating encoding schemes for a
Sst ms:digitized image was written for the NELC IBM computer.

The reconstructed image is "displayed" via the line print-W alsh Function Theory er. By encoding a digitized image with the Walsh trans.
form, one can use the inherent correlation between pic.and Application to ture elements to obtain data reduction. Although pic-
tures displayed this way are crude, the method shows

Design of promise. In this program, data reduction was obtained
by deleting 50% of the transform coefficients. The re-N aval Equipm ent constructed images were subjectively judged acceptable.

We have identified a use of this technique in an ongo-
ing NELC problem-still-frame TV transmission. A fo!-The effort under problem Z 155 has been focused on low-on problem to Z 155 will incorporate the Walsh trans-

using Walsh analysis, in combination with other tech- form encoder in this TV system. To further investigate
niques, to reduce the volume of digital data required to both this type of source encoding and image enhance-
store and transfer graphical information, and to us" ment techniques, an experimental system will be de-
Walsh functions in the analysis and enhancement of im- ycleped. The system will be capable of digitizinga
ages of interest to the Navy. Walsh analysis is similar image, recording the resulting digits onto magnetic tape
in some aspects to Fourier analysis. (for use in simulating the encoding schemes on a gen-

The Walsh functions form a complete orthogonal set, eral-purpose computer), and, finally, playing back the
and assume only the values +I and-l1. Any reasonable ea-ups optrad ialpaigbc hand ssue ony te vaues+1 nd .. Ay resonble reconstructed image over a TV monitor. This system
function can be represented as a weighted sum of Walsh wilonabrc imal encod i to be desied
functions, and the Walsh transformation can be readily
performed througi. sampling, additions, and subtrac-
tions. This latter feiture enables hardware implementa- PUBLICATIONS
tion via switching and summation networks. Two pre-
liminary designs for a Walsh transform device weic done McCall, D. C., Computer Programs fior Walsh Analysis,
by C. Nuese, Decision aod Control Technology Division. NELC Technical Note 1986 6 Jan 1972
The two designs compared serial versus parallel approach- McCall, D. C.. A Walsh Transform Source Encoding Tech-
es. nique fo•r Bandwidth Reduction NELC Technical Note

Computer programs were written which numerically (in preparation)
evaluate Walsh functions and compute the Walsh trans-
form of a sampled function. These codes are general in ZROOO.O1.O1
nature, and both the codes and their usage are described (NELCZI55)
in NELC TN 1986. Since the Walsh transform does not
require multiplications, it enjoys a substantial speed ad- Contact:
vantage over the Fourier transform. This speed advan. 1). C. McCall
tage makes it a practical tool in image processing and NI-LC ('ode 3300
enhancement. 225-6257
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C m at i l M O S/LSI and The selected geometry for the MOSFET sensor is well
Compatible M a d suited for surface-wave detection since (a) current flow
Acoustic Surface v�eis limited to the surface inversion layer region having a

thickness < 100 A, whereby effective interadtion with
the energy content of the wave is realized and (b) the deTechnologies vice can be fabricated with channel length less than X12
for waves in silicon of frequencies less than 100 MHz.

Current investigation is aimed at developing a techno- The theoretical prediction, design trade-offs, and
logical base for the development of integrated surface- logic design of the 16-bit programmable quadripttase
wave MOS devices for applications requiring program- correlator have been compteted. The MOSFET "ap-
mable filters and delay lines. proach" is preferred to the hybrid, more com-:ntional

The integration of the electronic and wave-propaga- one, which consists of a standard piczne!ectric tapped
tion processing into a single substrate is the approach delay line with rf bonding leads connected to a switch-
used to (1) solve the problem of reliability caused by the ing and logic chip. Besides eliminating problems of
large number of leads; and (2) provide a fully program- isolation and crosstalk, the "silicon" approach insures
mable quadriphase surface-wave filter which can be reliability and producibility; the gate voltage control is
matched quickly to any desired waveform and therefore obtained from a static shift register/ROM which is built
achieve a rapid code-changing capability without the ne- on an adjacent portion of the chip. The ROM provides
cessity of modifying one metallization pattern to another. the series of coding sequences needed for programmabil-
These capabilities will simplify the design of naval radar ity. The logic design is complete, the chip layout is
and communication subsystems and endow them with ready for implementation, and the experimental pro-
new flexibility. cessing results will be available by October 1972.

The implementation of a programmable device i., As a result of the present investigation, the quadri-
based on the concept that phase and displacement are phase-programmable concept has generated interest in
equivalent. The sensors in each acoustic path (see draw- NAVSEC. At their request, the design and fabrication
ing) are positioned to give one of the (00, 900, 1800, of a 127-bit, programmable 60-MHz correlator will
2700) phases with reference to the center transducer eventually be funded for incorporation in "Aegis."
(IDT). The correlator will be built in cooperation with in-

The piezoresistance of inversion layers in silicon MOS dustry. Completion is scheduled for September 1972.
structures can/be used to detect surface waves. An elon-
gated MOS device, oriented on a specified crystal plane
and a specified wave-vector direction, has been designed PUBLICATIONS
and is used as sensor to fabricate a 16-bit, three-cycle/bit
programmable, quadriphase correlator at 70-MHz central An NELC technical document will report the results

frequency and bit rate of 5 MHz. The quadriphase con- achieved after the chip fabrication. It will also discuss

cept requires four sensors/bit, each of which is individual- the operational implications of this tec.nology to
ly switchable for maximum programmability. Because some naval systems.
the wavelength associated with a 70-MHz wave (X^', 1.7-
1 8 mil) is smaller than any MOS structure (2.7 mils) ZR000.01.01
which can be accommodated by the state-of-the-art (NELC Z165)
semiconductor technology, the central frequency is re-
duced to 45 MHz and a multiple acoustic path is imple- Contuct:
mented with a thin-film ZnO transducer (generator of I. Lagnado
acoustic surface wave) which is placed in the center of NELC C'ode 4800
the matched filter array (see drawing). 225-6877
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Tunable Spin-Flip Maman laser on a single transition to pump lInSb as the scat-

tering sample in the range 9 tol I p;m.
Lasier At present, we shall continue to operate the laser

cw with CO as the active gas. This is preferred for the
initial operation of the SFRL with InSb because the

Current communication systems using microwave threshold pumping power is about I W cw with a mag-
frequencies do not have sufficient spatial resolution to netic field of about 10 kG. This is within the range of
prevent interception of a "secure" transmission. The the available magnet.
objective of this program is to provide a method for A sample of InSb has been cut and polished to form
restricting communication to the intended receiver a Raman resonator. The electron concentration is
only. A spin-flip Raman laser (SFRL) is under de- about 1015 cm"3 at 77 K. This type of material was
velopment to provide continuously tunable, coherent shown to require the lowest magnetic field for SFRL
radiation in the spectral ranges of 5 to 6 an and 9 operation when pumped at 5.3 p&n. The sample is held
to 14 pm for use as a major component in a tunable in a cold finger which mounts in the coil of a supercon-
laser transmitter. The newly discovered process which ducting magnet and maintains the temperature of the
makes tuning feasible is being applied for the first time sample below 20 K.
to optical communications at NELC, and could be in- The superconducting magnet has operated at fields
corporated in future versions of OCCULT. The main up to 20 kG. This field strength is adequate for pump-
components of the SFRL and progress toward develop- ing lnSb at 5.3 um but not at 10.6 an. Although high
ing them are outlined below, magnetic fields are not necessary for lnSb SFRL

A fixed-frequency pump laser is used to generate pumped at 5.3 pm, it is convenient to use a supercon.
stimulated Raman scattering in a semiconductor ducting magnet because of the requirement for low
which is shaped as an optical resonator. The frequen- temperatures.
cy of the Raman-scattered radiation depends on an ap- The above components have been tested and are be-
plied magnetic field according to the relation ing assembled for operation together.

S= coL - ZROoo.0O.0O

where wS is the scattered frequency, CL is the pump (NELCCZ)64)
frequency, g is the effective electron g-factor, 0 is the
Bohr magneton, and H is the magnetic field. Contact:

A pump laser has been constructed and operated ew S. A. Miller
single frequency with either C02 or CO as the active NELC Code 2600
gas. Provision must be made for Q-switching the C02 225-6591
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N atural language Studies have also shown that formal representation in
the computer of the meaning contained in natural Ian.Develonm ent guage is not well understood. For instance, most data
management systems in wide use today can retrieve ex-
plicitly stored information rapidly and efficiently. TheseAn inexperienced technician discovers a malfunction- systems also allow update of such facts. In the formal

ing electronic equipment. He addresses the computer, representation of the predicate calculus. for example,
and tells it, in his own dialect and jargon, which equip- the latter corresponds to tile concept "there exists," and
ment is in trouble. The computer asks questions of the questions are asked about "what exists?" It is reasonable
technician: "What happens when probes are placed at to expect that a candidate formalism for meaning (a se-
'A' and 'B' and a scope reading is taken?" The techni- mantic system) will he able to understand and proper!y
cian describes the reading to the computer, which de- process problems of inference and deduction. For ex-
duces that it is normal or abnormal and then infers the ample, suppose a data management system is told that
next step to take, on the basis of the reading and stored all Navy ships in San Diego are part of the Seventh
procedures. When the problem is isolated, the computer Fleet, except for USS PROVIDENCE. This statement
searches a data base of parts required to fix the malfunc- implies the semantics must understand the concept of
tion and guides the technician through repair procedures. the quantifier "all" as well as "there exists." Later a

This episode illustrates a conceivable situation in new Navy vessel arrives in San Diego and the question
which human maintenance of electronic systems is is asked "is that vessel a part of the Seventh Fleet?"
guided completely by computer, and communication Intuitively, the answer should be "most likely, but re-
both ways between man and computer occurs as natu- member USS PROVIDENCE." Programs which can
rally as communication between two humans -via con- prove theorems in a formal deductive logic system areversation. the first steps toward solving this problem. However,

The human member of the team in this situation re- conclusions drawn from proof of theorems must be ir-
quires little programming. His technical training may be refutable. Such a conclusion cannot be drawn in the
of lower level, and he may have had no computer train- pieviw',s example.
ing whatever-beyond an "introduction" to the machine. Quesn,.rý also arise as to how to introduce new mean-
The computer, however, along with extensive banks of ing to a system in a natural manner. One should be able
stored data. must have understanding of an order not yet to jjst say "USS NEVERSAIL has arrived in San Diego"
available, for the system to understand: (1) that LUS NEVERSAIL

Research to date has emphasized. first, the develop, is a Navy ship (because of the way it is named) and 12)
ment of a standard query language for Navy conmnand that it is now in San Diego. althoughl it has nevtrr heard
control data management systems specifically, natural of USS NEVERSAIL befire. Answ•eing questiaons about
English and, second, data structure and formal repre. data contained in "'inforinal" text i.e., Naval muessages.
sentation of ineaning. The first task has been to fainl. directives. etc. is also a problem in semantic systems
iarize Center researchers with the state of the art in which is not well undetstaxd. This research will identify
natural language communuication with computers. Four inlantic destiptions. infiercnli techniques. 4ind ways of
research projects have been reviewed in depth via liter- extending meaning in the systeni naturally whilh are
ature review, personal contact with principal investi. necessary to handle a broader Clam of Navy commandagtors, and. in one case. actual installatitw on tdie Cen- con1trol problems than ttoday's systems can addres.
tet's IBM 36W65. This Z problem will, in FY73. address two apecws

The first st'dies have shown that ill most natural of the natural language des-eh'pment prtoblem. The
language sYstems a great deal of attention is paid to care- first is the problem of 't~louiahun of usage and the
ful construction of syntatical rules obeying good En. %cond the representation of meaning antd data atruc.
gslit structure. There has been little refineluent of these ture, Funding on the problem of colloquialhsm is alto
rules through actual full-scale usage. There Is. ill gelieral, Wing requested from the Infonnation Systems IrlogTamno allowance for colloquialism of usage. Future reseatch of ilie Offiwe of Naval Research. To date them has been
with FY73 NELC internal rescarmb funding will be design. no word from them as to acceptance of out proposal,
ed to explore tile problem of Navy cwOnnand control col. G. Goldstein of that ofTfce was at NELC to revwiw our
loquialism. project oil 6-7 July.
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PUBLICATIONS ZROOO.01.01

It is exected that a technical note describing results (NELCZ)66)
of (1) experimentation with colloquialism of usage of Contact:
natural language computer systems and (2) a detailed D.L. Small

review of data structures and representations such as M. A. Small
have been proposed in state-of-the-art natural lan-M LC C od 2
guage systems will be published no later than I Jan- NELC Code 5200
uary 1973. 225-7282



liquid Crys l D isplay phenomenon of light scattering utilized in liquid crystals
vice light absorption utilized in conventional imaging

Techniques systems.
Liquid crystal cell configurations also show promise

as variable-persistence displays, real-time operating
The purpose of this task was to do applied research in light valves, color filters, variable light attenuators, etc.

the use of liquid crystal technology for display purposes, Ultimately, liquid crystals may permit the development
gather appropriate critical performance data, and exer- of wall-type displays with presentation in color. Bene-
cise experimental liquid crystal display cells in a real-life fits from liquid crystals will be realized in reliability,
large-screen display environment. space, weight, power, and cost.

This involved the investigation and survey of liquid In terms of Navy use of this technology it is recom-
crystal literature, materiais, and devices, including on-site mended that exploratory development of liquid crystal
survey of leading industrial technology, and the explora- display cells be carried on; that photoactivated liquid
tory application of state-of-the-art liquid crystal cells, crystal work be directed toward projection large-screen

Liquid crystals 4re chemicals with properties which displays where improved capability and flexibility are
make them appear both crystalline and liquid at certain apparent; that matrix-addressed liquid crystal display
temperature ranges. Some of the properties are optical cells be developed for use as chart slides and real-time
birefringence, circular dichroism, light scattering, other annotation; that lifetime experiments on various liquid
optical activities, and electric and nm.agnetic properties. crystal cells be c'-nducted; and that a prototype liquid

Liquid crystals are presently subdivided into three crystal projec! ,n display unit for interface with ship-
distinct classes-nematic, cholesteric, and smectic. Of board type OA-8393 Large-Screen Projection Display
the three, neinatic and cholesteric arc at present the most at NELC be developed.
interesting and promising for display application. For - Exploratory development of liquid crystals for use
example, nematic liquid crystals generally exhibit optical in large-screen projection displays is planned for FY73
properties which cause them to change from a clear trans- under NAVSHIPS support.
"parent to a diffuse state when a voltage is applied across
thenm. With cholesteric liquid crystals, they have the un-
usual property of scattering light of various colors over a PUBLICATIONS
specific temperature range. Marez, J., Liquid Crystal Display Techniques. NELC

Exnerimental results showed that liquid crystal cells Technical Report 1829 June 8, 1972
have great potential for application in projection large- Heilmeier, G. H., Liquid-Qvstal Display Derices. Sciti-
screen displays and displays in general. Photoactivated
liquid crystal cell experiments showed visual and photo- fie American, p. 100-106, April 1970

metric qualities from noor to very good depending on Margerum, J. D., Nimoy, J., and Wong, S. Y., "Rever-
liquid crystal composition, cell construction, test setups, sible Ultraviolet Inaging With Liquid Crystals,"
and mode of testing. In general, appearance, resolution, Applied Phiysics Letters, v. 17, no. 2. I5 July
contrast, and brightness uniformity were satisfactory. 1970
Some of the liquid crystal cells sh•nwed contrast ratios Baltzer, D_ H., "Nematic Crystals Come (f Age," 'Flet-
of 5:1 or more with resolutions of better than 20 line tro-Optm'al Systems Design. p. 72-77. January 1970
pairs per millimeter at a screen brightness of about 10
foot-lamberts. Typically, photoactivated liquid crystal ZRO000.01.01
display cells required about 300 pW/cm 2 of activating (NUl:CZ168)
light and about 20 Vdc to write.

It was determined that an optical system designed and Contact:
"optimized specifically for use with liquid crystals would J. Marez
greatly enhance picture quality over that observed with N~iLLC Code 3100
the existing optical projection setup. This is due to the 225-70-47
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Diagnosis of Color EXTENSION OF WORK FOR FY73
As part of the color research, a background light was

Anom alies by M eans of occasionally used to try to increase the differences be-
the Ev ked tween the responses to different colors. The results sug-

t e Evoortcal gested that rod and cone interactions were present in both
the ERG and the VECP over a wide range of background

Potential illumination. A systematic investigation will be made of
the effects on the ERG and VECP of background lighting

The aim was to find whether recordings of the electri- levels. From this study, we will learn more about the
cal activity of the visual system could be used to sort out nature of the electrophysiological measures (ERG and

the color-weak and color-blind. VECP) and of the relative contributions of the rod and
Earlier work had produced conflicting results. The cone subsyitems. It may lead to an objective assessment

waveforms recorded by different ;esearchers varied with of the effectiveness of the visual system under different
size of stimulus, brightness of flash, rate of flashing, angle levels of illumination.
of viewing, presence of sharp edges or contours in the Although much of the color work conducted during
visual field, background lighting, attention, motivation, the past year used full-field stimulation, some research in-
and other factors. volved the use of small 1-degree spots of colored light. It

NELC wanted waveforms that varied specifically with was found with these small spots that the angle of regard
color. More than 40 subjects with normal color vision of the subject was an important factor in determining the
were selected and subjected to a flashing light of different size ard shape of the response. Most subjects showed a

colors. Recordings were made at the eyes (ERG--electro- much larger response for flashes appearing between 5 and
retinogram) and at the surfarc of the scalp over the visual 10 degrees below the point at which they were looking.
portion of the brain (VEC.-visually evoked cortical po- For individual subjects, the range in which the largest re-
tential). Computer averaging was used to eliminate noise sponse was evoked was limited to a few degrees. Z-fund-

from the recordings. ing for 1973 will allow us to examine the interactions of
The differences in response were at first not marked. color, size, and shape on VECP obtained from different

Evidently the visual system under these circumstances angles of regard. This research may help establish objec-
responded chiefly to form and only secondarily to color, tive guidelines with respect to placement, size, and color

so 'he subjects were provided with goggles with frosted of warning indicators on control panels. The data may

lenses to blur their perception of form, and again sub- also enable us to correlate certain components of the

jecred to the flashing light. The frequencies of flashing VECP with the speed and accuracy of target identifica-

found to produce the most reliable ERG's and VECP's lion. The findings may have an important bearing on

I and 6 Uz were used. This time marked differences the selection, training, and monitoring of personnel
were obtained, involved in various kinds of detection tasks.

The ERG's were markedly different for different col-
ors, and all subjects with normal color vision showed the
samie differential respense. PUBLIUCATIONS

The VECP's were also different for different colors.
but tile subjects showed equivalent response only to led. An invited paper has been submitted to the Anwrican

The responses to red of two of the subjects were un- Acreciny of Optonetry:

like those of the majority. Conventional testing for color- Martin, J. I.. "Color Differences in the Flectroretino.

v ,eakne.s showed these subjects both to be color-weak • grain and the Visually Evoked Cortical Potential,"

a condition they had not suspected before the testing. Amerkicn Jouutal of Optmeonwy.

A red-blind subject was tested. ERG and VECP for
colors other than red could not be distinguished from ZROntOI O
th-ise of normal subjects but differed greatly for red. (N0C ZI16 V

We are not yet certain vitat we have found the condi-
tions w1hich will give us the best chance of Identifying
coor-ltweak individuals. Mote research is requited te ira- Contact:
prove the technique. But we now know that we can idena J. I. Martin
tify at least sonce individuals who are color-blind otr colo. NL-LC Code 3400
vxak by nieans of their brain waves. 225-6677
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St ERG curves show response to blue, green, and red of a
normal subject (set A), eight normal subjects averaged
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sets A and B and noncorrespondence of red response in
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""Flo The m were found to be 12.2 V/W with a thermal response timew er ow and erm a constant of 0.1 sec. These devices were used in order to

R i i edetermine the three-dimensional thermal profiles of wire-
Radiation Sensors wound resistors and power transistors in TO-5 cans under

normal and abnormal operating conditions of heat dis-

Monitoring the thermal radiation profile of electronic sipation at constant ambient temperature. The normal

components and circuits provides a noncontact method operational temperature, heating and cooling cycles, and

of detecting thermal overloads or thermal runaway, and thermal overloads were clearly identifiable.

integration of such procedures into automatic test sys- Two specific problem areas require further investiga-

tems can prevent catastrophic failures or, at least, indi- tion: (1) the temperature dependence of a must be

cate their location, compensated by external circuits or a trade-off in sensi-

The object of this research was to develop inexpensive tivity; (2) thermal convection represents a perturbation

thin-film radiation thermopiles suitable for thermal moni- of the thermopile response, and a suitable thermopile en-

toring of transistors, vacuum tubes, or passive circuit closure needs to be developed.

components. For thermocouple applications a junction Additional applications of thin-film thermocouples

must be formed between two materials with opposite- and thermopiles were investigated and found feasible. A

polarity Seebeck coefficients a, large electrical conducti- microwave and rf power detector was built by terminating

vities a', and small thermal conductiviLies k, with an over- a coaxial transmission line with a pair of thin-film thermo-

all figure of merit Z = a 2a/k. Thin films are desirable in couples coupled capacitively to the line. Over the frequen-

order to minimize the response time constant, provide a cy range 10 MHz to 3 GHz their response was found to be

large surface-to-volume ratio of the junction, and allow 0.3 V/W, linear with input power. Potential applications

photolithographic and vacuum deposition techniques to include noncontact monitoring of the operational status

be used for the construction of multijunction thermocou- of local oscillators and other rf and microwave qources.

ple arrays. On the basis of these considerations we con-
centrated our work on thin-film thermocouples and ther- PUBLICATION
mopile arrays made by vacuum deposition on mylar sub- Meiners, L. G., Clawson, A. R., and Wieder, H. H., "Bulk-

strates. Semimetal-to-semiconductor junctions were like Films of Bismuth-Antimony Alloys," paper accept-

made by flash evaporation of the semimetal compound ed for Am. Vacuum Soc. Symposium, October 1972,

Bi0.88 Sb0. 12, which, in thin-film form, was found to Chicago, Illinois

have the high negative Seebeck coefficient a= -103pV/°C, ZROOO.OI.O0
and the semiconducting compound Cd0.25 Sb0.75,
with the positive Seebeck coefficient a = 145 pV/ 0C. (Z172)

Films 1500 A in thickness were deposited through stain- Contact:

less steel masks in order to produce thermopiles, such as H. H. Wieder

those shown in the photographs, with up to 41 thermocou- NELC Code 2600

pies per thermopile. Typical responsivities of such devices 225-6591
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Fortly -one element 0.88, 0.12, 0.25, 0, 75 thermnopile Four-element 0.88, 0i.12. 0.25, 0. 75 thermopile on
on mywar supporling lay mylar supporting layer.
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Advanced M emories instrumentation to be used in the analysis and charac-
terization of prototype MNOS devices presently on order

Technology from a contractor.NELC also specified and assembled equipment in

FY72 to establish a capacity for the fabrication of CCD's

On the basis of study of the relatively well established at NELC. This capability will allow NELC to contribute
silicon technologies of bipolar and MOS devices, and of to the new technology in design as well as in application.
technologies in earlier stages of development-metal- Under Z2 funding, CCD's will be manufactured at
nitride-oxide-semiconductor (MNOS) devices, charge- NELC and procured from industry; prototype memory
coupled devices (CCD's), holographic memories, plated modules will be assembled, tested, and evaluated; and
wires, amorphous glasses, magnetic films, and others- recommendations based on this experience will be made
NELC in FY72 selected MNOS devices and CCD's as the regarding implementation of this nonmainstream tech-
most promising for experimental work in memory nology in Navy systems.
technology.

Like MOS devices, MNOS devices can be used in ZR000.01.01
rapid- and random-access solid-state memories. The (NELC Z169)
nitride endows MNOS devices, however, with an
additional feature not shared by MOS devices. MNOS
memories are nonvolatile-they retain data through Contact:

power interruptions. This feature is expected to prove J. J. Symanski
valuable in naval applications. NELC Code 3200

NELC is currently completing the assembly of test 225-6515
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The first model of the telemetry device was built in" L -•i'm oe ro1L c 01972. NASA, Naval Undersea Research and Development

" ianmals Center (NUC), and UCLA EI'ain Resea'rch Institute de-Sea M am mal s signs were i's-,d in this system, with NELC modifications.
The electroencephalograph (EEG) amplifier is a I" x

Bioelectric phenomena in seals and dolphins in re- 2" equipment which can be mounted on the head of a
sponse to auditory and visual stimuli are studied under human subject or implanted in a marine mammal with a
this task-brainwave activity, evoked cortical potentials, transmitter (package dimensions, with transmitter and
heart action, etc. The information may suggest approaches batteries: 3" x 3" x I "). It is nearly immune to noise,
to Navy sonar system design. having high input impedance and differential input.

So that the animals will be in as natural a situation as Gain is 100 000 in the present version. In laboratory re-
possible when measurements are made--swimming freely cording of electroretinograms, visually evoked cortical
in a tank or, in the future, in the open ocean-it was potentials, and EEG's, this mini-amplifier replaces a
decided to develop telemetry devices which would make floor-standing Offner multichannel amplifier, and per-
direct wiring from them unnecessary. mits measurements to be made outside the shielded

Design of the telemetry system was made difficult room which previously had to be used for these experi-
first by the problem of achieving adequate range through ments.
sea water. The medium is not friendly to rf propagation- The amplifier has another potential application in
especially at high frequency. Low frequency (below 20 patient-monitoring. The freedom from need for shielding
kHz), which is best from the standpoint of range, cannot would be an obvious advantage in a hospital room.
be used because it would be sensed by the subject. Then Tests on the fidelity of the total system in trans-
the package had to be miniaturized for operation within mitting brainwave patterns are underway. FY73 will see
a free-swimming animal. ', stationary testing in the NUC 30'-diameter seawater tank.

Following a literature study and visits to telemetry Implantation in a dolphin will follow successful comple-
experts at NASA (Ames Laboratory) and UCLA, various tion of the test program.
transmitter designs were developed and tested. A techni-
cal question typical of many that arose: should the trans- ZROOO.01.01
mitting antenna be a coil or should it be a dipole? (Or, in (NELC ZI 73)
other words, would it be better to use the magnetic field
or the electric field for the transmission of the signal?) Contact:
Experiments showed that use of the dipole antenna C. T. White
would increase the range over which information could NELC Code 3400
be transmitted. 225-7372
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ISI-Conipatible MHz transmittal rate. The circuit has been designed using

I-S-m at e C-MOS logic gates in MSI form to implement the switching
i' k array. Testing and evaluation of this approach havePerm utation N etw orshown a basic limitation of the technology, i.e., maxi-

mum frequency transmitted by the C-MOS logic bilateral
for N aval Switching switches (5 - 10 MHz), effects of staking switches into
fOrn aval s witching larger matrices, and need for wave-shaping circuits on

Co ce ts the output.
An alternate approach using "transmission" gates as

The problem of how to design an interconnection net- opposed to logic switching gates lends itself to LSI im-

work that can connect N input lines to N output lines in plementation. A single chip, 120 x 160 mils2, constitutes
an arbitrary manner (a permutation network) and still be the basic cell for a bilateral 8 x 8 matrix operation.
able to easily control this network is considered. The Transmission gates with 250 ohms ON resistance P-
systematic determination of the system boundaries has channel Si-gate MOS eliminate the problems associated
led to a switching concept based on an expandable with relatively low-speed MOSFET's. (The transmission
modular (or cellular) LSI element to solve the intercom- gates are preprogrammed to be either ON or OFF; i.e.,
munication problems in a computer-controlled communi- they are not switched at a speed equal to the data rate.)
cation environment (i.e., how to interconnect memories In a multichip expansion mode, a hybrid approach using
and processors in a multicomputer system or how to the above basic cell will require additional high-speed
collect and distribute I/O data from many sensors). T2L logic gates at the output of each data line to alleviate

The state of the art in switching devices was re- the problem of direct cascading the transmission gates
viewed. A system analysis demonstrated that LSI can (250 ohms ON resistance). The directionality is accom-
solve the problem by building networks of the com- plished by the provision of two other gates head-tailed
plexity necessary to implement computer-controllable with complementary control lines which in turn are
permutation networks. Specifically, the investigation addressed by an 8-bit shift register. Power dissipation of
addressed and determined the methods to design, parti- this chip is typically 400 mW.
tion, and control permutation switching networks A follow-on study is submitted for approval to pursue
suited for LSI production. Thus, depending on system and develop the LSI chip based on the results obtained
configurations and boundary conditions, four tentative to date.
design approaches to a basic LSI building block with
low power and high speed requirements were determined. PUBLICATIONS
1. Heuristic search contioller with multiplexer (central
computer controlled) to find a free path between the Writer, P. L., System Design of an N-Permuter Switching
desired input and output lines. This is the only solu- Network, NELC Technical Note 2007, 15 March 1972
tion which satisfies all assumed constraints and is best
suited for geneial use.
2. Heuristic search controller with "hard wired" dis- Additional publication is planned after the fabrication,
tributed computer (multiplexer blocks are replaced by implementation, and testing of the basic LSI module to
a combination multiplexer/decision element). solve a specific Navy-wide problem of multicomputer in-
3. Fixed path with system intercepts (data stored in terconnection system.
ROM--number of [SI chips reduced).
4. Fixed path with allowed intrasystem transients. ZR021.03
Solutions 3 and 4 lend themselves to shipboard installa- (NELCZ 174)
tion (they are less costly and more reliable).

From the analysis of these four configurations and Contact:
the basic assumptions, a set of general 1/O characteristics I. Lagnado
was defined for the design and partition of a bidirectional NELC Code 4800
8 x 8 basic LSI switching matrix operating at the 10- 40- 225-6877
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IR Photocathodes for GaSb with a net acceptor concentration of 1.2 x 10'

per cm at room temperature have been etched into
N avt points with 1-to-5-Am radii. These points will produceDetection Sthe high external fields required for a significant photo-

field effect. Measurements of the INV characteristics of
The electron emission properties of low band-gap these samples are now being carried out.

semiconductors are examined under the combined in- A parallel experimental approach has also been
fluence of a strong electric field and infrared radiation. started for studying the electron emission from InSb
The ultimate goal is to produce a photocathode that will and InAs into a dielectric. MIS (metal-insulator-semi-
respond to radiation of wavelengths ranging from the conductor) diodes'have been fabricated from bulk n-type
visible out to 2 Ym and beyond. A theoretical model lnSb using an anodically formed layer of In203 for the
has been developed to describe the photo-field effect insulator. The internal photoemission of electrons
in semiconductors, and two avenues of experimental through the insulator from the semiconductor to the
approach have been initiated, metal has been measured and is found to exhibit a

The performance of a semiconductor for photo-field yield of - .6% for photons of energy -" 3 eV. In an
emission has been theoretically characterized by its re- attempt to increase the signal-to-noise ratio of these
duced sensitivity S, equal to the signal current divided devices while still retaining the capability of a response
by the dark current times the photon current. The to beyond 2 pm, we are now investigating the use of p-
model has been applied to GaSb under expected experi- type InAs in this application. It has been found that
mental conditions. It has been shown that S increases anodization may also be used on this material to produce
with lifetime, net acceptor concentration, and scroening. a highly insulating and electrically strong dielectric.
The screening may be caused by negative surface charges Measurements of the internal photo-emissive yields of
or by an inversion layer. The present calculation assumes these devices are now in progress.
nondegenerate carrier distributions, in which case the
screening effect of the inversion layer is very weak. An ZR021.03
extension of our calculations to degenerate distributions, (NELC Z175)
with an anticipated strong screening effect, is now in
progres;s. Contact:

Experimentally, an apparatus has been designed to C. R. Zeisse
examine the influence of infrared radiation on field NELC Code 2600
emission from GaSb into vacuum. Samples of p-type 225-6591
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Phy c and a preliminary investigation of the surface barrierSurface Bari er _Pc physics of these compounds. Surface depletion was found

feasible using anodically formed oxides on n-type materi-and Chage als at 77 K. Photon injection measurements and capaci-D evices tance vs potential measurements presently underway on
these MOS structures suggest that infrared bucket brigade

shift registers might be feasible.
The electrically and optically induced changes in the

surface energy band structure of III-V compound semi- ZRO1.02
conductors are of importance for the construction ofmetal-oxide-semiconductor structures (MOS) for infraredZ 76)

signal-processing applications based on charge coupling
and charge transfer technology. Contact:

During the past 3 months the main emphasis was H. H. Wieder
placed on the development of compatible oxides for NELC Code 2600
fabricating single MOS structures on InSb and InAs 225-6591
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electronic energy levels between which radiative trans-N arrowband D etector itions are possible. The detection process involves
Theabsorption of a signal photon, which excites an ion to a
Tie objective of this program, begun late in FY72, is metastable state, followed by absorption cf a photon

to develop a narrowband optical detector for reception of from a pump source, such as an LED, and then emission
laser radiation against a broadband background with high- of an output photon at a short wavelength, which is
speed optics (wide field Uf view (FOV)). Since interfer- readily detected with a conventional detector. The
ence and other narrowband filters generally have narrow signal, pump, and output wavelengths can be well sepa-
FOV, a new approach is desired to achieve bandwidths rated so that simple filtering isolates each from the
< 200A(preferably <20A) in the 4800--5200-A range. others. The bandwidth is determined by the linewidth of

Two alternate approaches are being investigated: the signal absorption transition - typically of ,he order
semiconductor narrowband self-filtering photodiodes of I A. A candidate material for REQC detection at
(NBSFD) and rare-earth activated quantum counters 5145 A is LaF 3:Er+3 with bandwidth <3A.
(REQC). The problem of matching the REQC to the laser

A NBSFD consists of a hcterojunction structure with wavelength may be eliminated by the use of tunable laser
a layer of n-type semiconductor material, having its sources. The only working REQC's have so far exhibited
absorption edge at X, forming a p-n junction in a sub- low quantum efficiency, but they may still offer ad-
strate of p-type material with absorption edge at X2 > vantages over other detectors because of their very
X1. Thus, only radiation in the band AX between X2 and narrow bandwidths and wide field of view.
X, passes through the layer and excites carriers in the
junction; radiation at wavelengths greater than X,2 passes ZRt021.03
through the detector without exciting carriers while that (NELC Z1 78)
shorter than X, is blocked by the n-type layer.

Present devices have achieved 200-300-A bandwidths
in the 7000-A-to-l.1-,am range. Materials are not yet Contact:
developed for shorter wavelengths. S. A. Miller

A REQC consists of a crystal or powder activated NELC Code 2600
with ions of a rare-earth element having a number of 225-6591
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Surface-W ave Acoustic Several techniques for achieving very-narrow-band-
width filters have been investigated. One in particulai

D evices looks promising, and a device incorporating it will be
designed and fabricated in FY73.

A contract is expected from NAVELEX to develop a
This problem is concerned with the application of mi- programmable correlator for a major radar system. In

c-owave acoustic devices to the signal-processing functions the interim the project will be carried on the IR/IED
of existing and future Navy communications/navigation/ program. NELC has also been engaged to act as techni-
IFF systems. cal support for Naval Air Development Center (NADC)

During FY72 three sets of surface wave correlators for in the development of an advanced pulse compression
biphased signals were designed and fabricated and are op- filter.
erational. The first device-an 11 -bit Barker code, oper- NELC is supporting other DoD organizations in the
ating at 45 MHz with a 1-MHz data rate-will be used in area of surface-wave acoustic devices. NELC aided
a Marine Corps locating system, and also as part of a NADC, Warminster, Pennsylvania, to evaluate a propos-
spread-spectrum modem NELC has designed and dem- al for art advanced surface-wave pulse compression fil-
onstrated to be feasible in conjunction with another pro- ter, and will be designing and fabricating a series of de-
ject. The second device-a 127-bit maximal length code, vices for the National Security Agency.
operating at 60 MHz with a 10-MHz data rate-with mi-
nor modification could be used in a major radar system.
The actual device was used to test the crossed-field am- PUBLICATIONS
plifiers of this radar via paired-echo techniques. The Schiff, M A
third device-a 3 1-bit maximal length code, operating at Aco ps id Dcti cs o ra tory
300 MHz with a 5-MHz data rate-will be part of another Center Technical Note 200 1, February 1972
experimental spread-spectrum system. In the process of e
developing the above devices, NELC microelectronics Schiff, M., Computer Aided Design of Suriice Wave
laboratory has gained valuable experience in processing Acoustic Devices, Naval Electronics Laboratory
techniques. NELC can now fabricate any device within Center Technical Note 2040. May 1972
the current state of the art. Such problems as impedance-
matching techniques and proper packaging to eliminate ZFXX.512.001
rf feed-through have been considered and solved. Com.- NELCZ231)
purer programs based on the Mason equivalent-circuit
models have been writ ten and are operational. These Contact:
programs will analyze the detailed performance of such M. Schiff
devices as FM chirp filters, bandpass filters, and biphase NlELC Code 2400
modulators. 225-7982
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Co m m n Control ed and redesigned. Only the FLU module remainsCom m and Control modified and in need of redesign. Seven module types
Dis a M dule S y are believed to have achieved "benchmark" status.
Display M od l SA highly flexible display exerciser has been fabri-

cated with the ne';ly designed module set. It contains
BACKGROUND the following modules:

In an investigation in FY71 as to the applicability of ALU (eight)
microelectronic modules to display development and FLU (19)
fabrication, functional partitioning of the digital logic Binary Asynchronous Reconfigurable Forriatter (four)
required for display support was conceived. A number Serial/Parallel Loader and Transceiver (one)
of modules were designed and incorporated into a high- Decision Tree (two)

speed CRT stroke-type symbol generator which provided Control Memory Control (one)
seven-bit parallel digital stroke information at a 10-MHz Bootstrap (one)
rate. The modules were: Function Control (one)

Arithmetic/Logic Unit (ALU) These 37 modules contain 947 dual in-line packages
Free Logic Unit (FLU) and are equivalent to approximately 10 800 gates. The
Multiplexer exerciser is in the checkout stage and is expected to be
Control Unit I operational in August 1972.
Control Unit 2.
Although problems were encountered with the ex- PLANS FOR FY73

act partitioning boundaries, electrical throughput
time, and mechanical construction of the module bin, It is expected that the Serial Memory and Line Driv.
the performance of the symbol generator was encourag. er/Line Receiver modules will be completed and con-
ing. siderable work accomplished on the Analog modules

in FY73. Other applications of the module set will al-
so be investigated.

PROGRESS IN FY72
A concerted effort was made in FY72 to eliminate ZFXX.212.001

shortcomings. The ALU module was greatly improved tNELCZ238)
in throughput time and versatility via two recent techno-
logical improvements for medium-scale-integration tran- Contact:
sistor-transistor.logic integrated circuits -Schottky- F. C. Martin. Jr.
clamped logic and tristate logic. The Multiplexer Unit NF.LC Code 3100
and Control Units I and 2 were completely repartition- 225-6541
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U ni ral M odularized and additional sources become available.
versa M The brassboard model greatly increases the ease with

Digital Co rol r for which operational systems may be tested.al. Co~ntroller forExtensive testing is continuing to demonstrate

the minicontroller concepi. In-house tests includen og Power Drives checkout in the NELC hybrid simulation laboratory
and on the 3"/50 g'dn test facility. In February 1972,
successful operational tests were conducted using the
MkI 12 ASROC launcher located at NUSC, Newport,

BACKGROUND R. 1.

Frequently, in Navy applications, an analog power
drive must be controlled by positioning command- FOLLOW-ON AND RELATED TASKS
originating in a centralized (or master) digital corn- Other NELC problems will benefit directly and
puter. Studies performed by NELC personnel on indirectly from the concepts and knowledge gained
several systems--including gun mounts, missile launch- as a result of this program. For example, the Na:al
ers, and tracking antennas -have indicated the feasi- Weapons Laboratory at Dahlgren, Va., has tasked
bility of a universal digital controller for this class of NELC to assist in the modernization and updating
systems. This study is concerned with the develop- of the Mk 68 Gun Fire Control Systemn. This pre-
ment of a modularized universal controller (minicon- sents another excellent opportunity to dewmn,strate
troller) utilizing closed-loop digital control techniques this controller and may possibly lead to its imple-
and state-of-the-art medium. and large-scale-integra- nentation into this operational system. Addition-
tion component:. ally, with minor modifications, the minicontroller

The development of the minicontroller was initiat. will be adapted to control a miniature three-axis
ed in FY71 and was directed toward defining specific satellite communication antenna under develop-
finctions performed by the controller and grouping nient at NELC.
them logically as modules. These studies led to tile Future plans include the completion of the de-
design and implementation of four basic modules in sign and specifications for the production model of
a breadboard configuration. The minicontroller in- the mnnictm troller using all C0OS devices. In ad-
corporates four basic modules& Three of these mod- dition. a complete system evaluation in an opera.
ides are identical for all systems considered for tins tioual Shipboard Cn1vitfolnct is planned.
application: 1he fourth is peculiar to the parti.-ular
type of systemi being controlled.

ULIBUCATIONS
FY72 Wells, F. V., Jr., and Dtlhctty, D W.. "A Un)•,e•s-

al MN-,dulatroed Digital C'ontroitef.C |197" IdF.
The basic tinicon•trollet configuration esulting R i u.s. \¢stCon Rtili 1 .'onfe1en-e

flom these eaither studies hb. elmalned e•,entially Recoid. p. 3.9-4 1. Aped 1972
unchlanged, A refir-ment to the basic bmfadboard
mnllcntroller model ha1, bccn the dev-lopment of W1
"a "tboard" plototype wunoljttn g to a fiust cut 4
1at a production operational animunalonollet. It Il-

torporates coml4ementmiy SIOS C01OS) devices in
pilace of ionic of the P-Chalnnel OtSIOS) dodces used 01ntact"
in tie bteadboard. ,•ith benefits in rcdxced poae€ I). W. Dohcrty
diwpatiusi asd increawd ipeed. Moim CMOS &- N|VL(C Code 3300
%we-. wil. he fitled into the deup as they ire d-ce 2Z5-6:57
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Optia M ultiple ng corporating high-loss optical transmission lines have
been procured from industry.

The purpose of this joint effort between NELC and For ultimate systems use, low-loss fiber bundles
NUC is to develop a fiber optics data link incorporated are essential. One 1000-foot length of low-loss fiber
within a small, lightweight tow cable to perform the fiber bundle has been received from industry, and two

telemetry function for a towed sonar array. more are on order for test and evaluation at NUC and
Multiplexing and electronic components have been NEL_.

synthesized and tested. Visible and infraied light emit-
ting diode optical sources and silicon avalanche and PUBLICATIONS
photomultiplier optical detectors have been tested with Redfern, J. T., and Taylor, H. F., Fiber Optic Data Link
their electronic drivers and amplifiers. A breadboard in a Towed Array, Naval Undersea Research and Devel-
16-channel data encoder-with optical transmission, re- opment Center Technical Note 595, Sept. 1971
ception, and decoding-is complete. It transmits data (CONFIDENTIAL)
at 2 Mbits/sec through a 100-foot length of high-loss
glass, with error rates less than 5 x 10-7. A three-hydro- ZFXX.212.001
phone wet array unit is 75% complete and scheduled (NELC Z242)
for sea testing during FY73. In addition to the hydro-
phones, this unit contains a signal conditioner and a Contact:
multiplex scanner encoder. Several designs for high- D. J. Albares
pressure optical feedthroughs have been made, and two NELC Code 2500
survived testing to 3500 psi. Prototype tow cables in- 225-6641
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Shipboard Error M onitor ing were all completed at NELC. The unique con-
Sr cept of the Shipboard Error Monitor is implemented

BACKGROUND in standard logic circuitry. A highlight-the pulse
discriminator uses a resettable decade counter to

The concept for the Shipboard Error Monitor grew perform a normally analog function digitally with
out of laboratory instrumentation for hf link and aaten, elegant simplicity.
na tests. The Navy HF Fleet Broadcast was used for The unit is complete, and is presently being tested
testing data link components, and instrumentation was in the laboratory.
devised for indirectly measuring bit error rate accurately
on any FSK transmission twinned for in-band diversity.

An NELC technical note described the technique FOLLOW-ON
(TN 1584, 1969), and application was made for a pat- A short project to develop an engineering tool
ent. The technique was applied to a system for enabl- using the MUX quality monitor design-a simple
iag shore stations to monitor the quality of their trans- one-channel version with provision for an external
missions, chart recorder to be used for studying shipboard rf

interference-was derived from this program. The
WORK DESCRIPTION work was done for the Antennas and EMC Branch

of the Radio Technology Division.
The effort of the past year has been aimed at pro- It is intended that a production bid package be

ducing a prototype model of a MUX quality monitor developed for an equipment for use ashore and a-
for shipboard use, an operator aid for use in conjunc- board ship for determining the quality of reception
tion with the UCC- I FSK modem (multichannel FSK on a ship-shore termination.
teletype). It is intended to help in selecting the opti-
mum frequency for multichannel teletype data recep-
tion at hf. Two frequencies can be monitored on it ZFXX.212.001

simultaneously, and a 10-minute history of channel (NVE kC Z245)

quality can be read from two rows of indicator
lights. Contact:

Design work was initiated in July 1971. Circuit R. L. Dickson
and chassis design, thermal analysis, circuit board N 'LC Code 2100
fabrication, chassis construction, assembly, and wir- 225-7)46
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mTechniqd for flat-panel technology. The display samples have been

im prove ues mounted, and the electrical interface has largely been de-
signed, fabricated, and installed. Pending availability of

Advanced Shipbo.. , the exerciser, the samples are activated via test card.
Also under this problem, NELC investigated potential

improvement in performance of CRT phosphors for se-
lected applications. In the first phase of this effort, the

A device competitive with the CRT in display quality feasibility of persistence selection of dual-persistence

and flexibility but without the space requirements and phosphors by selective filtering was demonstrated, and
other disadvantages of the CRT has long been sought, the purchase of a display tube incorporating this princi-

In recent years several flat-panel technologies have emerg- pie was recommended. In the second phase, the proper-

ed from the developmental state and devices have become ties of rare earth candidates for replacement of existing

available off the shelf for commercial and industrial use. long-persistence phosphors were investigated. This work

It is the purpose of this problem to determine the suita- was complemented by work done by NELC Electronic

bility of four of the most promising of the new technolo- Materials Sciences Division under NELC F207, Evalua-

gies for use in predicted naval displays. tion Program of Phosphors and Fluorescent Materials
for Information Display Systems, for NAVELEX.

FY72 GROUNDWORK PAYOFF IN FY73

NELC undertook the construction of a display demon-

strator in FY72 to facilitate the accomplishment of this For FY73 the development of additional modules

task, and procured: is planned to support the exercise and demonstration of

A plasma display capable of displaying a raster of 512 seven-segment, 5 x 7, 7 x 9, and x/y matrix displays of

x 512 dots over an area 816 x 8Yz inches all types. With the completion of the exerciser, it will

A plasma display capable of displaying eight rows of then be possible to obtain complete control of the modu-

32 alphanumeric characters lation characteristics of the displays and to assemble the

Seven-segment light-emitting diodes capable of serving characterization data needed for a decision as to suita-

as red, green, and amber indicators bility for Fleet application.

Light-emitting diodes which can present alphanumeric
information on 5 x 7 arrays

Scattering and bilevel reflective and transmissive (NEL.C Z247)

seven-segment liquid crystals.
The samples will be driven from a display exerciser be- Contact:

ing completed under Z238. A compatible interface meth- F. C. Martin, Jr.

odology has been established, and nine module types have NF-LC Code 3100

been developed to enable the exerciser to accommodate 225-6541
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e Data Most of the effort focuses on the logic-the AND/
OR gates. Since a single module might contain several

The Navy will be stronger from the logistic standpoint thousand logic gates, it is necessary to simulate at a
when it is able to implement digital systems via a universal higher level, where the input to a module would be a
architecture and selected GP building blocks. It will be 16-bit parallel word.
able to find means, from a manageable store of hardware, The CDL III simulation language developed by
to deal with the entire spectrum of problems now handled Y. Chu at the University of Maryland appeared to be
by a profusion of general-purpose and special.purpose pro- suitable. It was exercised, and is believed capable of
cessors-fire control, filtering, analysis, tracking, multiplex- meeting the objectives of the program.
ing, communications. CDL IlI has certain difficulties, pertaining chiefly

Processing elements will utilize the advances in inte- to dimensioning. NELC increased the capacity of the
grated microelectronics. program to accommodate larger arrays. Another dif-

Work and storage capacity will be modularly expansible. ficulty was in the presentation of the output. NELC
Tailoring to special requirements will be accomplished is at work to simplify the output and improve its

by means of "firmware" (microprogramming). readability.
New functions will be realizable "instantly." CDL Ill will ultimately permit the simulation of
NELC determined under Z248 in FY72 that such a modular digital processors and permit the develop-

system is indeed realizable, as demonstrated by a number ment of the microprograms or software well before
of minicomputer manufacturers. the hardware is completed.

The Autonetics D-200 microprogrammable avionics SIMSCRIPT 11 also received consideration, but
computer uses 15 MOS device types. The Litton C-4 uses was not used because of funding limitations.
read-only memories and an arithmetic unit. The PDP-16 This program is currently being continued as part
uses a set of register transfer modules-complex intercon- of the Small Ships Electronics Program (Z253) to
nections of microelectronic devices-and is tailored to actually simulate a processor designed with arithme-
specific applications, tic units implemented in LSI microelectronics-the

With the feasibility of the concept established, NELC Intel 8008. The 8008 is planned as a central proces-
is now at work on the problem of selecting a suitable sing unit on a single substrate. It will be usable as a
architecture and GP building blocks. Major requirements microprogrammed function or controlled directly
are real-time processing and the ability to meet changing from software. The simulation of this simple corn-
requirements with a minimum of software and hardware puter on a computer will then be implemented in
changes. hardware. The result will give the Navy a significant

The basic strategy is to implement the processor with capability in new hardware/software processor de-
commonly used functional blocks which can be config- sign. It will provide the ability to select and eval-
ured to the application and to implement unorthodox uate processor designs without actually implement-
functional requirements and module control via read- ing the hardware.
only-memories (ROM's). Specific tasks are to identify the
functional blocks and to determine how to effectively use ZFXX.312.001
hardware, software, and firmware. Of special interest are (NEILCZ248)
trade-offs between hardware and software.

Computer simulation was selected as the optimum Contact:
method of evaluating processor design. Simulation T. P. Lindgren
provides throughput speeds and helps determine what NELC Code 4300
should be software and what should be hardware. 225-6859

45

.2;•



D f r 2-Am thick n-type epitaxial layer. Measurements onProcessing Techniqu s bipolar transistors fabricated in oxide-isolated wells
! High ensityhave shown ft in the order of 1.5-3 GHz.High-Density, - A 1024-bit read-only memory (ROM) comprising

Schottky barrier diodes for Schottky-clamped cir-
""Sem conductor M e o es cuitry has been chosen as the test vehicle to evaluate

the oxide isolation technique. An identical ROM
using conventional "isolation diodes" has been fabri-

Practical techniques have been developed to increase cated for comparison purposes. The projected LSIthe component density within a unit area/volume of a oxide-isolated circuit has shown the same access time
silicon chip. A 40% savings in chip real estate has been but greatly reduced cell size. This novel technique is

random-access and read-only memories. The present the speed advantages of "discrete" bipolar units in

investigations have emphasized the process develop- integrated form. Furthermore, considerable improve-
ments that inexorably determine the practical capa- ments are accomplished with the dielectrically iso-
bilities and limitations of integrated circuits. lated elements in a radiation environment because

The process is based on a new a h to circuit the radiation-generated photocurrents (leakage) are
isolation called "oxide isolation" in which active p-type reduced.
diffusions that isolate conventional bipolar devices are The development of this technique and improve-
replaced by passive silicon dioxide regions. The ira- ments derived from the systematic use of the oxida-
plementation of the oxide isolation technique is based ton kinetics have provided a "work horse" technolo-
on the pinciple that silicon can be "selectively" oxi- do whics e pplied to rk has recoin-

dize whi, sutabe mskin pater agins oxda- gy which is easily applied to LSI. NELC has recom-

t dized whe t a suitable masking pattern against oxida- mended the oxide isolation technique to the Navalton is applied to the silicon surface. Silicon nitride Air Systems Command as a method for meeting
is selected as the maasking medium for two reasons: specific subsystem requirements in view of the re-

1. It remains practically inert during the oxidation suilts achieved in this study.
phase; i.e., the transformation of silicoU• nitride into
silicon oxynitride is very slow. ZFXX.112.001

2. The diffusion constant of oxygen through sili- (NELCZ249)
con nitride is extremely small.

The oxide isolation technique has required the de- Contact:
velopment of silicon nitdde deposition at 8500 C on an I. Lagnado
oxidized silicon substrate. As silicon is consumed by NELC Code 4800
the oxidation process, the local formation of silicon 225-6877
dioxide within the confines of an "isolation pattern"
imprinted in the silicon nitride film provides isolated
islands of n-type material. When the oxide-isolated
islands are formed, standard masking and diffusions IL. H. Clevenger, U.S. patent no. 3534234, 13 October
are used to build double-diffused transistors within a 1970
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A description of this novel type of correlator is current-f Optical Signal Cross ly being prepared for submission to one of the profession-Corrlat r fo Aciveal optics journals.
Correlator for Active An NELC technical note will be prepared shortly de-

scribing the system and its Navy applications.Sonar System A patent disclosure has been filed on this concept
(Navy case number 53, 286), since it is felt by the authors

The purpose of this project is to develop an optical that the basic simplicity and versatility of the device make

cross correlator for use in conjunction with an active it highly suitable for solving many Navy detection and

sonar system. This is a joint effort utilizing the optical classification problems (including sonar, radar, electro-

data-processing capabilities of NELC and the sonar tech- magetic warfare, and bio-medicine).
nology experience of NUC. In the past year we have
taken an idea for an optical processor (which had been ZFXX.112.001
conceived under an IR/IED project in FY71) and have (NELCZ250)
experimentally demonstrated the feasibility of the de-
vice, studied the types of codes best transmitted, receiv- Contact:
ed, and correlated by it, theoretically calculated its capa- K. Bromley
bilities and limitations, designed a prototype system, and NELC Code 2500
ordered the component parts. We are now in process of 225-6641

assembling the system. Next fiscal year will be devoted
to testing the prototype system with recorded sonar re-
turns.

The basic principle of the device is as follows: A light
source illuminates a photographic reference mask, and a
lens images this mask onto the face of an integrating vidi-
con television camera, via an oscillating mirror. The lens
system and the rotating mirror combine to repetitively
sweep the image of the mask linearly across the vidicon
face. If the mask is composed of several hundred hori-
zontal lines each having a spatial variation in intensity
transmittance which is directly proportional to a signal
of interest, and if the light source is intensity-modulated
with an incoming "live" electrical signal, then the video
output of the camera will be the cross-correlation func- Twenty-five cross-correlation functions between an
tion between the "live" signal and each member of the incoming signal and a reference library as seen on a TV
reference signal library. Thus, several hundred correla- monitor.
tion operations are performed simultaneously. The top half of the photograph is a 25-channel mask

In the device being assembled, the incoming "live" --a representation ofthe rejerence library. Each line of'
electrical signal will be the echo received by the sonar it is a unique 90-bit random bisar' code.
transducer array, and the reference mask will contain dop- The bottom half'is the correlator output, showing a
pier-shifted versions of the transmitted signal. Also, sev- correlation peak in the center of the fifth channel down.
eral light sources will be used simultaneously in the same The peak, in this test hookup, indicates that the signal
system to allow the parallel processing of several different Pied into the correlator is the fifth line of the mask.
beams of sonar returns. By proper specification of the In a more advanced operational s stem, the correla-
mirror velocity and the mask layout, we can produce a tion peak would indicate the location and the direciion
system in which the position of the correlation peak oc- and speed of travel of a target. Range would be indi-
curring in the output plane (on the television monitor) cated by horizontal position on the line, direction by
yields the range, direction, and doppler-shift of any tar- coarse vertical position, and doppler infbrnnation by
get. fine vertical position.
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Bett Power Supply ply using transformer isolation and transformer pulse

ter width control drive was built. The switching cycle repe-
Te niq ~ •tition rate of 30 kilohertz was chosen to obtain adequateM iniaturization Tecii que overall performance while k-eping the magnetic compo-

nents (transformers and chokes) optimally miniature
The problem of power supply miniaturization tech- (e.g., the 5-watt power transformer occupies I cubic

niques addresses the area of improving efficiency, main- centimeter and weighs I sam; the entire power supply
taining a high degree of isolation of the source to the weighs 2 ounces). The fixed frequency control concept
load, and maintaining and improving power supply re- is employed to minimiz,; entrainment difficulties, a
liability. known problem area in pulse control circuits. The com-

A sample circuit design was made indicating that plete power supply circuit was reviewed for application
transformer-coupled base drive to the switching regu- to a high level of integration. It wrs felt that the total
lator power transistor should provide the most economi- integration could not be accomplished but a high level of
cal and adaptable control technique in contrast to con- integration is possible. Theie are two 1I,1 candidates
trol transistor direct-coupled base drive. The problem within the power .upply. The control circuit-consisting
investigated was the relative switching speed of the trans- of a fixed frequency generator, a compaxator, and a
former-driven and direct-coupled transistor-driven reference circuit-may be integrated in one LSI; while
switches. the power switch, commutating diode, and source recti-

A test circuit was designed and built to experimental- fier bridge for universal input applications may be an-
ly determine the relative values of transformer and di- other LSI candidate. A tentative conclusion is that cir-
rect-drive power switch characteristics. The power cuit simplification is needed if total integration is to be
switch chosen was a TRW SVT 350-5. The base drive achieved.
current was set at 30 milliamperes and the collector New techniques of employing magnetics and dielec-
current (load) adjusted to 300 milliamperes for a forced trics are needed to achieve total integration of high-ef-
beta of 10. ficiency, low-voltage power supplies producing useful

The switch time (turn on) was found to be less than regilated dc power ranging between 5 and 200 watts.
100 nanoseconds for direct-coupled base drive and ap- NELC's plans for FY73 are to investigate and experi-
proximately 200 nanoseconds for the transformer-cou- mentally test the integrated materials approach-the dep-
pled base drive. The slower operation with the trans- osition of magnetic and dielectric materials on a single
former base drive was further investigated and found substrate which can contain the LSI circuitry necessary
to be primarily related to the transformer design char- for a complete power supply.
acteristics rather than other circuit elements. It is believed that total circuit integration is possible

Various transformer designs were made and tested to if silican processing can be made compatible with mag-
determine the critical transformer design parameters re- netic materials processing and dielectric materials pro-
lated to the switching regulator application. The physi- cessing.
cal size of the transformer, the relation of physical place- Assuming NAVELEX funding, NELC will develop an
ment of primary to secondary, and the magnet; core entire low-voltage power supply family based on the de-
material high-frequency characteristics were fokind tu be sign principles developed under Z funding.
the most significant factors. The experimental results
indicated that a very thin lamination molybdenum perm- ZF61.312
alloy toroid core with windings uniformly distributed (NELC'Z2S1)
around the circumference produced the best results; i.e.,
required the least energy to drive the SVT 350-5 and ob-
tained the shortest switch tii'ae of the transformers in- Contact:
vestigated. The ferrite toroid cores in experimental L. J. Johnson
.ransformers were slower and less efficient. NELC Code 4800

A complete miniature switching regulator power sup- 225-6878
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ALiquid C yt al' polarizer-analyzer combination. With the cholesteric ma-
Iterial, the filter was easily tunable from the UV into the

red with voltages on the order of 100 volts. Since uni-
D evel mentformity was very difficult to achieve over anything but a

small area and color changes with viewing angle limited
The Liquid Crystal Development Program (Z252) was the observer to within a cone of about 100 (half angle),

begun in late December 1971 to investigate the electro- an optical coupling system for minimizing the effects of
optical properties of liquid crystals (LC's) and explore these factors is being designed. In addition to the two-
the application of LC devices for use by the Navy. Speci- level filter problem discussed above, photoactivated dy-
fically, the principles of mode operation (e.g., dynamic namic scattering LC cells were also considered for poten-
scattering, electric-field-induced cholesteric to nematic tial use as a reusable optical recording medium. More
phase change, and nematic guest-host), the inherent capa- specifically, cadium sulfide deposited on tin oxide-cover-
bilities and limitations of LC's, and the specification of ed glass was investigated for its optical addressability in
LC system parameters were investigated. Subsequently, optical information processing. Fabrication difficulties
motivated by the Navy's need for a two-level voltage, have slowed this phase of the work, however, but report-
controlled color filter for the dual-persistence phosphor able results are expected in the near future.
display in NELC Problem Z247, two breadboard systems At present, a paper on a new filter utilizing a photo-
were constructed and evaluated, activated twisted nematic liquid crystal is being prepared

During the first 3 months, an extensive scientific and for submission to a scientific journal. The incorporation
engineering literature search was implemented on liquid of this photoactivated intensity filter into two optical
crystals, and experimental equipment and chemicals were systems is under consideration: an image enhancement
ordered. system (Fluoro-Dodge type) and a spatial attenuator corn-

After laboratory facilities had been established, experi- munication and periscope application. A proposal to con-
ments and cell fabrication techniques designed, and test struct a feasibility model of these two devices has been
parameters defined, the final 2 months of FY72 were submitted for in-house Z2 funding.
spent testing voltage-tunable LC cells and determining
color tunability, construction parameters, and applicabil-
ity to a display. The two breadboard systems utilized ne- ZF61.212
matic-dichroic dye guest-host cells and cholesteric mix- (NELCZ252)
ture cells, respectively. The test results, which are present-
ly being compiled for presentation in a technical report, Contact:
indicate that for the materials tested, a color shift of only L. B. Stotts
150 A was achieved in the Wnest-host material and at the NELC Code 2500
expense of severe light loss of over 95% due chiefly to the 225-6641
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tested and maintained? Can computer aids be used to
"" l p reduce and standardize design costs and procedures?

The development tasks started in FY72 are listed be-
Systems low.

A microprogrammed calculator is being fabricated to

In order to place an effective command control capa- compute the closest point of approach (CPA) between
bility aboard a small ship, crew size nmust be reduced from two ships. This is a commonly used navigation function.
today's levels. Electronic systems must somehow make The CPA calculator uses off-the-shelf LSI components and
the small ships easier to operate and maintain. Bold new can accept manual or digital data inputs.

Available LSI digital filter devices are being procured
concepts must be put into effect if these objectives are to
be realized, for evaluation. These devices have application in target

Identifying the essential techniques and technologies track smoothing and control systems.
and producing a plan to develop them were objectives of A coherent i-f signal combiner is being breadboarded forandproducShing aEplanctronic delthemsprogr, wee o bjies o hf radios. Use of such a combiner can alleviate the severe
the Small-Ship Electronic Systems program, which began h nen lcmn rbe nsalpafrs

in March 1972. New small-ship types such as hydrofoils hf antenna placement problem on small platforms.

and surface-effect ships were identified and their probable Available computer functional simulation tools have
misinsduretermtshin s ed.Amission analysis was perfor led been surveyed, and work in modifying them to fit somemissions determined. A mission analysis was performed of the available state-of-the-art functional LSI devices is
to assess the amount of crew reduction possible through
automation. It was apparent that a radically reduced in process. The microcomputer-on-a-chip devices are be-

crew could operate the small ships effectively but that the ing programmed for the CPA application.
ship's electronic systems had to be reoriented. Mission Use of data bus techniques and distributed micro-
analysis also pointed out ways to modify some of the processors to provide integration of small-ship electronic
weapon systems planned for small ships to extend per- systems is being investigated. This approach providesformance. flexibility to change portions of the electronics suit and

A program to develop small-ship electronic systems also provide real-time quick-reaction capability for the
should be focused in four areas. complete mission equipment.

1. Operational use of the platforms should be address- A study of low-loss energy transfer and conversion
ed in order to put realistic bounds on crew size, mission materials and techniques is being performed with the
duration, payload, threat, etc. goal of high-efficiency, low-mass power supply systems

2. New systems concepts need investigation for small- for small ships.
ship use, particularly systems making use of electro-optic
technology for communication, search and detection, PUBLICATIONS
and tracking and control. Combining these two efforts
to evolve methods of coordinating several small ships A NELC technical note covering the tasks in the Small-
and other platforms is necessary. Some coordination Ship Electronic Systems program will be published in
concepts have been produced. the fall of 1972.

3. Current technology must be evaluated to solve

small-ship electronic system problems such as digital il- 7F61.212
tering, tracking, and navigation computations. (NILCZ253J

4. Substantial effort is needed in the area of systems
integration to answer a number of questions: How Contact:
should small-ship electronic systems be packaged to W. J. Dejka
meet environmental problems? What interconnect tech- NELC Code 4300
niques are satisfactory? How should the system be 225-6861
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Papers Submitted for Publication
INDEPENDENT RESEARCH
Gabriel, C. J., "Faraday Rotation of a System of Thin Layers Containing a Thick Layer," Applied Optics 10, 2332,

October 1971
Gabriel, C. J., and Nedoluha, A. K., "Transmittance and Reflectance of Systems of Thin and Thick Layers," Optica

Acta, v. 18, no. 6, p. 415-423, 1971
Zaeschmar, G., and Nedoluha, A. K., "Theory of the Optical Properties of Gold Blacks," J,. Optical Soc. America,

v. 62, no. 3, p. 348-352, March 1972
Schade, W. J., Jr., "Accurate Measurements for Cyanic Laser Wavelengths Using Resonator Interferometry," Optics

Communications, v. 4, no. 6, p. 399-403, Feb/Mar 1972
Rast, H. E., Miller, S. A., and Caspers, H., "Infrared Active Lattice Vibrations of BaBrF," to be published in

Journal of Chemical Physics
Martin, J. I., "Color Differences in the Electroretinograrn and the Visually Evoked Cortical Potential," submitted to

the American Academy of Optometry, American Journal of Optometry
Martin, W. E., and Hall, D. B., "Diffused Waveguides in 1I.VI Compounds," Applied Physics Letters (to be published)
Taylor, H. F., Smiley, V. N., Martin, W. E., and Pawka, S. S., "Fluorescence of Graded-Band-Gap CdSxSeI.x Crystals

Produced by Diffusion," Physical Review B, 1467 (1972)

Taylor, H. F., Martin, W. E., Hall, D. B., and Smiley, V. N., "Fabrication of Single-Crystal Semiconductor Optical
Waveguides by Solid State Diffusion," Applied Physics Letters, I August 1972

In-house Publications
INDEPENDENT RESEARCH

Hill, J. R., A Method for Rapid Computations of VLF, Steep-Incidence Reflections from the Ionospheric D-Region,
Naval Electronics Laboratory Center Technical Report 1784, 19 August 1971

Shellman, C. H., A Profile Inversion Method Applied to Finding D.Region Electron Densities from VLF Reflection
Data. Naval Electronics Laboratory Center Technical Note 2030, 3 May 1972

McCall, D. C., A Walsh Transform Source Encoding Technique for Bandwidth Reduction, Naval Electronics
Laboratory Center Technical Note (in preparation)

McCall, D. C., Computer Programs for Walsh Analysis, Naval Electronics Laboratory Center Technical Note 1986,
6 January 1972

Marez, J., Liquid Cystal Display Techniques, Naval Electronics Laboratory Center Technical Report 1829, 8 June
1972

Writer, P. L.. S•stem Design of an N-Perinuter Switching Network, Naval Electronics Laboratory Center Technical
Note 2007, 15 March 1972

INDEPENDENT EXPLORATORY DEVELOPMENT
Schiff. M., Application and Design of Surface Wave Acoustic Devices. Naval Electronics Laboratory Center Technical

Note 2001, February 1972
Sdiiff, M.. Computer Aided Design of Surface Wave Acoustic Devices. Naval Electronics Laboratory Center Technical

Note 2040, May 1972
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Conference on Fiber Optics Communications 1-3 March 1972, abstracts of papers presented, contractors and DoD
agencies, published by NELC Code 2500

Redfern, J. T., and Taylor, H. F., Fiber Optic Data Link in a Towed Array, Naval Undersea Research and Develop-
ment Center Technical Note 595, September 1971 (CONFIDENTIAL)

Invited Presentations at Professional Meetings
INDEPENDENT RESEARCH

Shellman, C. H.
"The Inversion of VLF/LF Sounder Data to Obtain D-Region Electron-Density Distributions," to be published in

"Proceedings of a Workshop on the Mathematics of Profile Inversion (Ames Research Center, July 1971),"
edited by L. Colin, NASA TMX-6 2150,1972

Taylor, H. F., Smiley, V. N., Martin, W. E., and Pawka, S. S.
"Fluorescence of Graded-Band-Gap CdSxSe I.x Crystals Produced by Diffusion," American Physical Society Winter

Meeting, Cambridge, Mass., December 1971
Taylor, H. F., Martin, W. E., Smiley, V. N., and Hall, D. B.
"Fabrication of Integrated Optical Circuits by Solid State Diffusion," Optical Society of America Topical Meeting

on Integrated Optics, Las Vegas, February 1972

Hall, D. B., and Martin, W. E.
"Diffused Waveguides in II-VI Compounds," VII International Quantum Electronics Conference, Montreal, May 8,

1972

Hall, D. B., and Martin, W. E.
"Diffused Optical Waveguides and Platelet Lasers," Navy-Wide Laser Conference, NELC, November 10, 1971

Lagnado, I., and Schiff, M.
"Programmable Coding Techniques for Semiconductor/Acoustic Surface Devices," 1972 IEEE Region Six Conference,

San Diego, California

Martin, J. I.
"The Role of a Research Psychologist-Investigations Into Electro-Physiological Psychology," Psychology Department,

Central Missouri State, Warrensburg, Missouri, 25 October 1971
"Differences in the Cortically Evokeo Potential Related to Color," American Academy of Optometry, Toronto,

Canada, 13 December 1971
"Electrical Responses of the Human Visual System," Society of Display Information Engineers, San Diego, Califor-

nia, 8 February 1972
"Color Differences in Electrophysiological Responses," Neurosciences Department, University of California at San

Diego, San Diego, California, 5 April, and Psychology Department, San Diego State College, San Diego, California,
25 April 1972

White. C. T.
"Binocular Summation Effects in the Cortical-Evoked Potential," American Academy of Optometry. Toronto.

Canada, 13 December 1971

Meiners, L. G., Clawson, A. R., and Wieder, 1-. It.
"Bulk-like Films of Bismuth-Antimony Alloys," accepted for American Vacuum Soc. Symposium, Chicago. Illinois.

October 1972

INDEPENDENT EXPLORATORY DEVELOPMENT

Wells. E. J., Jr., and Doherty, D. W.
"-A Universal Modularized Digital Controller," 1972 IE-E Region Six Conference, San Diego, California

Williams. D. N.. and Redfern, J. 1'.
"'Applied Fiber Optics Communications in Navy Systems," DoD Conference on Fiber Optics Communications, San

Diego, California. I March 1972



Hood, J. M., Jr., and Albares, D, J.
"Fiber Optics Technology and Applications," Fiber Optics Workshop, Navy-Wide Electro-Optics Meeting at NOL,

White Oak, July 1971
Taylor, H. F.
"Fiber Optics Communication System Considerations," DoD Conference on Fiber Optics Communications, San Diego,

California, I March 1972
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Independent Research
PATENTS ISSUED

D. E. Altman and M. Geller
Selectively Controllable Radiant Energy Device

A gaseous discharge device is made to emit radiant energy in a desired spectral region by the application of an
appropriate magnetic field having a direction perpendicular to the electric field resultant from the flow of current
through the gaseous discharge device.

Patert No. 3,611,191 (Navy Case No. 46,617) Serial No. 873,323 Filed 3 Nov 1969 Issued on 5 Oct 1971

V. N. Smiley
Thin Film Laser

The present invention is directed to providing a thin film laser including a pair of spaced highly reflective surfaces
having a thin film of semiconductor interposed therebetween, the resonant frequency of which is dependent on the
spacing. Pumping by optical or electron bombardment produces an emitted coherent light in a narrow beam in
a direction perpendicular from the film.

Patent No. 3,579,142 (Navy Case No. 47,272) Serial No. 842,938 Filed 18 July 1969 Issued on 18 May 1971

V. N. Smiley
Th1in Film Active Interference Filter

High resolution optical filtering using the combined properties of interference filters and laser amplification.
Hence to act as an amplifying filter for visible ultraviolet or infrared wavelengths.

Patent No. 3,579,130 (Navy Case No. 50.200) Serial No. 842,917 Filed 18 July 1969 Issued on 18 May 1971

H. H. Wieder and D. A. Collins
Method of Makiing Raster Pattern Atagnetoresistors

Patent No. 3.592.708 (Navy Case No. 47.745) Serial No. 748,069 Filed 26 July 1968 Ismued 13 July 1971

N. M. Davis and A. R. Clawson
Controlled Nucleation in T4me Recorstalli:ed lnSb Films

Patent No. 3.600.237 (Navy Coas No. 49.351, Serial No. 885.923 Filed 17 tDec 1969 lssued 1 Ausust 1971

A. R. Cawson and H. H. Wieder
Sulphur Doped Rcry-stalliked InSb Fbints

1This process allows controlled crystallization of donot doped hnSb fims on amorphous substtates, which have the
semiconducting properties of bulk lnSb.

These lnSb filmts are suitable rot use as Hall generators and inagnototesisors because of their sensitivity to mag-
netic fields and their small thickness. The sulphur doping provides a much smealler variatiom in the fHall voltage
Wilt |emperantu. thus allowing imptokvd temperature stability over Hall generators nade with very pure hnSb

Patent No. 1.591.429 (Nay Caw No. 47.12)S a- No. 147.511 Filed 2S July 1968I tuedo6 July 1971



A. R. Clawson, H. H. Wieder, N. M. Davis, and D. A. Collins
lamellar Eutectic InSb Sb Filns as Infrared Polarizers

This infrared polarizer consists of a thin film of closely spaced strips of I.R. transparent semiconducting inSb and
i.R. opaque Sb, produced directly by zone crystallization of InSb/Sb eutectic films.

Such polarizers are useful for both digital and analog information processing for CO2 lasers. They can be used as
high frequency phase modulators, rotators and circulators.

Patent No. 3,671,102 (Navy Case No. 50,225) Serial ,. 106,8M0 Filed 15 January 1971 Issued on 20 June 1972

NOTICE OF ALLOWANCE

E. J. Schimitschek and J. A. Trias
Method of Preparation of Rare Earth (111) Phosphorus Dichloriddes and Phosphorus Dibromidates

A new method of preparation of rare earth (111) phosphorus dichloridates and phosphorus dibromidates.

(Navy Case No. 52,876) Serial No. 110,920 Filed 29 January 1971 Notice of Allowance 31 May 1972

PATENT APPLICATIONS FILED

M. Geller, D. E. Altman, and G. J. Barstow
Iligh Efficiency Metal Lamps for Dye Laser lEx citation

A high efficiency metal vapor lamp provides desired laser excitation energy without the use of a high tcmperature
furnace as practiced in the prior art and reduces corrosive effects of reactive metals.

(Navy Case No. 53.178) Serial No. 192,857 Filed 27 October 1971

A. R. Clawson
Allvy Zone CO/stallization of IrSb Thin Films

This invention is a process for zone crystallizing thin films of sereiconducting InSb at temperatures significantly
below thelkelting temperature of the compound InSb. A molten alloy zone of lnSb is generated on a vacuum
deposited film of stoichimetric lash by a small diameter heater wire placed close to the f6lm ini al inert gas atnmos-
phere. This low ntelting temperature ahoy zone is then scanned actoss the vacuum dcpositd rdmt to allow growth
of good quality thin fMIm lnSb.

(Navy Cw No. .3.41o ýaial No. 230.862 FiVd 1 Mavsh 1972

N. M. Davis
flaot.. W Zone C'ystaliiation Apparatus ft Thin tsFilm

Tire purpose of this apparatus is to crystallize films of a compounad of eCemental snmicomductor on a klw thertmal
Conductivity substrate by ItallS of moving a miolten one through the filn. The mohten tone is produced by heat
from a hot wire held in clos proximity to the fiht/substrate. The atnaOictsj e sufrounding the moltet' une is
conttolled. that is. can be a vacuum or gaseou, atmiosptere of elected cnposittoti and ptrcswur. The appwatus is
desagned to be modular in cvstructiom to allow east ino expetlnwntal mtodification and w tcation.

INavy Caw No. $3,632) Saw No. (Not avatlabk) F,,d 29 JUW 1972

E. J. Schimltt-hck and J. A. Thas
A Liquid Inr ,ht lormwd with a Neooxmium ,4ait in Ih,,ls Oxi'chlnndc

An mn toyed liquid lasing solution whidt does not detetionte width tWe not as a eost of flalh excitation.

(a.ky Cawr No. 46.143) ser••N9. 11i.125 Ftwc 29 JAnaUV 1971
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ST.G. Pavlopoulos
Improved Dye Laser

A new type of "quencher" for use with dye laser solutions which greatly enhances their efficiency of operation.

(Navy Case No. 52,545) Serial No. 149,065 riled 1 June 1971

M. Geller, D. E. Altman and G. J. Barstow
A Light Source for Use in Deep Ocean Water

A new high intensity light source having a spectral emission very closely matched to the maximum transmissivity
of sea water from relatively shallow depths to extreme depths.

(Navy Case No. 52,977) Serial No. 158,330 Filed 30 June 1971
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Independent Exploratory Development
PATENTS ISSUED

E. J. Schimitschek
Rotating Liquid Cooled Liquid Laser Cell

A rotating liquid laser cell mounted in a casing providing a coolant-filled chamber surrounding the rotatable cell.
The coolant is pumped through the chamber and through a heat exchanger. The arrangement of the components
is believed novel. The components themselves are known.

Patent No. 3,654,568 (Navy Case No. 48,147) Serial No. 110,904 Filed 29 January 1971 Issued on 4 April 1972

E. J. Schimitschek
Laser Stimulator Assembly

A tubular light source closely coupled to an elliptical reflector working in conjunction vith two cylindrical retro-
reflectors and two plane reflectors for the purpose of reflecting as much energy as possible ,'.tn a laser cavity, ex-
ternally connected to the cavity for purposes of greater output laser power.

Patent No. 3,668,546 (Navy Case No. 49,219) Serial No. 105,447 Filed 11 January 1971 Issued 6 June 1972

G. J. Barstow
biulti-Channel Frequencv Monitor

Provides frequency channel and tolerance check for AN/UCC-I(v) Equipment which is readily useable by unskilled,
untrained operators.

Patent No. 3,667,051 (Navy Case No. 50,507) Serial No. 117,573 Filed 22 February 1971 Issued 30 May 1972

J. F. Bryant and W. T. Hyde
Method for Making an Optical Filter fir a Character ldentifica tion S•stem

The unique method of fabricating the mask of two-dimensional diffractions required in the system of U.S.
Patent 3,571,603.

Patent No. 3.656.838 (Navy Cawe No. 51.944) Serial No. 69.678 Filed 4 September 1970 Issued 18 April 1972

PATENT APPLICATIONS FILED

K. Browley
Multi-C hotvel Optictl (.m',lator rstemn

A high-speed, multi-channel, optical corrcl.,lotl system employing n.cohercnt light.

(Navy Case No. $3,286) Serial No. 234.749 li-d 15 Mv;nh 1972

R. L. Dikson. George B. Johnson and Kirby W. W1an1. Jr.
Perforanct Altowir 14n1it jitr I-'hvpquncn Mt16idpkrd 11 ,•Alems

Apparatus for tnmitoring bit error rate if frequency multiplexed F'SK transmnissions by transtnitting frequency-
diversity signals to provide in-band, diversity Wrecption which is used to provide comparative performance mea-
Wsdemncnts of HER between (winned tones or between jaits of twinned tones.
The apparatus can be esedtlo provide frequency uanaement on every ship equipped with the U(CC. 1 0odem amd

wou-ld greatly increasw operational effecOtveness thereof by significantly decreasing the number of missed inessages
in the fleet Broadcast.

(Navy (aw No. 51,4231 scri NO. 106,522 Filed 14 January 1971
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AUTHORIZED INVENTION DISCLOSURE

Leo J. Johnson
A New Concept for Power Supply Design

A micro-miniaturized power supply using open loop voltage regulation with pulse width control.
Can be used in all electronic circuits requiring a low voltage power source.
(Navy Case No. 54,521) Authorized 10 April 1972

DISCLOSURES FORWARDED FOR EVALUATION

J. J. Symanski and R. H. Ebert
Integrated Parallel-Serial-Parallel Connector

A cable connector including logic circuitry to perform parallel to serial to parallel functions reducing need for
multiple parallel data lines.
(Navy Case No. 54,948) Forwarded for evaluation 3 May 1972

D. N. Williams
Fiber Optic to Electronic Interface

A fiber optic-to-electronic interface circuit.
(Navy Case No. 55,085) Forwarded for evaluation 2 June 1972
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Independent Research Projects Terminated
30 June 1972

NELC NARDIS
Problem Title Key Reason for Termination

Z155 Application of Walsh Functions DNI12050 Into 6.2 funding: ZF61-112 (Z257) Transform
to C3  Source Encoding Technique for Bandwidth Re-

duction in Digital Image Transmission

Z168 Development of Liquid Crystal DN213059 Feasibility demonstrated; ready for 6.2 funding
Display Techniques

Z169 Advanced Memories Technology DN213060 This led to a funded program: Charge Coupled
Device Technology Support, NAVELEX 033,
XF54.545.021

Z172 Power Flow and Thermal Radia- DN213061 Feasibility of radiation thermopiles established;
tion Sensors ready for 6.2 funding

'7 7



Independent Exploratory Development Projects
Terminated 30 June 1972

NELC ED NARDIS
Problem Title Task Area Key Reason for Termination

Z231 Microwave Acoustic Signal ZF61-512 DN 112046 Funding by NAVELEX is expected
Processing Devices

Z245 Development of a Shipboard ZF61-212 DNI 12130 Completed
Quality Monitor for HF
Multichannel Circuits

Z246 Fiber Optic Communica- ZF61-212 DN213045 Funding by NAVELEX is expected
tion

Z248 Design of Navy Real-Time ZF6I-312 DN213047 Completed
Data Processors

Z249 Investigation of Processing ZF6 1-112 DN213048 Completed
Techniques for High-Density,
High-Speed Semiconductor
Memories

f"m7 --
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Active Independent Research Projects for FY72

NELC
NELC Principal Mail Research Funding. NARDIS

Problem Title Investigator Autovon Code Requirement SK Key

Z135 Lower Ionospheric Physics W. F. Moler 952.7677 2200 ZR021.O 100 DN 848016
(Communications Support)

Z155 Application of Walsh Functions D. C. McCall 952.6258 3300 ZRO14-02 57.5 DN I 12050
to C,

Z162 Very Fast Integrated Optical Dr. D. J. Aibares 952-7831 2500 ZR021-03 76 LIN 112124
Circuits

Z163 Specialized New Phosphor Mate- Dr. H. H. Caspers 952.6592 2600 ZROI 1.02 M I)N H12125
rials for Application to Optical
Display and Sensor Technology

Zi64 A Tunable Interatmospheric Dr. W. J. Schade 952.6592 2600 ZROI 1-07 75 tIN 1121,16
laser Transmitter for Overt-
Covert Communication System

Z165 Compatible MOS/LSI and Surf'ace Dr. I. Lagnado 952.6877 4800 ZR021-02 47 I)N 2130156
Wave Technologies

Z166 Natural language Processing D. L Small 952-7941 5200 ZRO14-10 38 DIN 2130,57

Z167 Diagnosis o Color Anomalies by Dr. J. I. Martin 952-6677 3400 ZR042-01 42 )N 2130t58
Means of Evoked Co.,tical
Potential

Z168 Development of Liquid Crystal J. Mares 952-7047 3100 ZRO21-03 40 I)N 213059
Display Techniques

ZI6Q Advanced Memories Technology R. S. Rios 952.6515 3200 ZRO21-03 75 l)N 11 t060t

Z172 Power Flow and Thermal . H. Wieder 952.6591 2600 ZR921403 51.5 DN 21 I(MI
Radiation Sensors

Z173 Bioelectionitc Study of Marine Dr. C. T. White 952-6677 3400 ZR042-01 so DN 2 1 t(U,I
Manitmals

Z174 LSI ('ninpatible Pefrtnlation Di. I. Lagnado 952.6877 4800 ZRO 21-03 25 DN 21131 t8
Neiwo'L, for I Impleinentation
of) Novel Switching Concept*

ZI75 Infrared Photocathode& fo4 1r. C R. Zewas 952-6591 260•0 ZR021401 25 DN 21311)
Navy lkirtimi Systenis

Z176 Suorface Writer Physics and H. ". Wieder 952.6591 2600 ZRO 1-02 10 DN 211140
(lartg Coupled Devicets

Z177 Magpetosphere hItvabiity V. E. Hildebrand 952-.719 2200 ZR021-0I 10 New
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Active Independent
Exploratory Development Projects for FY72

NELC
NELC Principal Mail Funding, NARDIS

Problem Title Investigator Autovori Code ED Task Area SIC Key

Z231I Microwave Acoustic Signal Dr. M. L Schiff 952-6634 2400 ZFXX-5 12 100 ON I112046
Processing Devices

Z238 Command Control Display F. C. Martin 952-6541 3100 ZFXX-212 80 DN H12044
Module Study

Z239 Control System Modules D. W. Doherty 952-6258 3300 ZFXX-5 12 80 ON 112070
Z242 Optical Datta Multiplexing Dr. D. J. Albares 952-7831 2500 ZFX(X-2l2 73 ON 112087

Z245 Development of a Shsipboard R. L Dickson 952-7146 2100 ZFXX-212 40 DN 112130
Quality Monitor for I-F
Multichanniel Circuits

Z246 Fiber Optic Communication Dr. D. 1. Albares 952-7831 2500 ZFXX-21 2 1 75 ON 213045

Z247 Development of Improved F. C. Martin 952-6541 3100 ZFXX-212 135 ON 213046
Display Techniques for
Advainced Shipboard
Display Systems

Z248 Dksign ofi Navy Real-Time W. J. Dejk4 952.-6859 4300 ZFXX-312 41 ON 213047
Dulta Processoli

Z249 Investigation orf processinig Dr. 1. LAgnado 952-6877 4800 ZFXX-l 12 40 ON 213t)48
Techiniques Ior lligh.1>Wisity.
Hligh-Speed Stnticonductor

Z250 An Optical SI-gnal Cross- K. Bronslcy 452.6641 2500 ZFXX* I 12. 78 ON 21.3044
Cotrelatim for Act gyc Soiiar

Z251 Advainccd Integrated Maitrial L.J. Johnsoii 452-6878 4800 ZF61-312 39 ON 2 13141
Power Suppily

Z25.2 Liquid Crystal Deviv Dr. 0. J. Albumse 952.7831 2500 ZF6I.212 so ON l.1 .14 2
1kvelopinerit

2253 SittilI Ship Etcsi.rrc S,%em W1H1 w l~Jk 4A52.6859 4300 ZF6I-212 102 eww
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SIndependent Research Program for FY73
NELC

* NELC Principal Mail Research Funding, NARDIS
Problem Title Investigator AUTOVON Code Requirement $K Key

Z135 Lower Ionospheric W. F. Moler 952-7677 2200 ZR021-01 65 DN848016
Physics (Communica-
tions Support)

Z162 Guided Wave Optics Dr. D. B. Hall 952-6641 2500 ZR021-03 20 DN112124

Z163 Specialized New Phos- Dr. H. H. Caspers 952-6591 2600 ZRO1I-02 65 DN112125
phor Materials for Ap-
plication to Optical Dis-
play and Sensor Tech-
nology

Z164 A Tunable Interatmo- Dr. S. A. Miller 952-6591 2600 ZR011-07 75 DN112126
spheric Laser Trans-
mitter for Overt-Covert
Communication Systems

Z165 Compatible MOS/LSI Dr. I. Lagnado 952-6877 4800 ZR021-02 65 DN213056
and Surface Wave

Z166 Natural Language D. L. Small 952-7941 5200 ZRO14-10 31.5 DN213057
Development

Z167 Color-Evoked Responses Dr. J. 1. Martin 952-6677 3400 ZR042-01 30 DN213058

Z173 Bioclectronic Study of Dr. C. T. White 952-6677 3400 ZR042-01 25 DN213062
Marine Mammals

Z174 LSI-Compatible Per- Dr. 1. Lagnado 952-6877 4800 ZR021-03 ? DN213138
mutation Networks for
(Implementation of)
Novel S-xitching (C'an-

cepts

Z175 Infrared Photouthodes Dr. C. R. Zeisse 952-6591 2600 ZRO21-03 25 DN213139
for Navy Detection
Systems

Z176 Surftce Harrier Physics If. It. Wieder 952-6591 2600 ZROI1-02 35 DN213140
and Charge Coupled De-
vice Applications

Z177 Mapietosphere In- V. E. Ildebrand 952-7919 2200 ZR021.O0 50 New
stability Investisations

Z178 Narrow Band Opt"al De. S. A. Miller 952-6591 2600 ZR021-03 10 New
D~etectors

Z179 Schalkwijk Algorithm J. C Lawrence 952-6266 2400 ZRO14-O8 30 New

Z180 E.) CryVsal Stofqag Dr. H. F. Taylor 952-641 2500 ZR0I 1-02 20 New

ZI&I Rewcatch it Biopoliential Mr. C. T. Wltite 952-6677 3400 ZR042.O- 40 New
Technolot-
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NELC
NELC Principal Mail Research Funding, NARDIS

Problem Title Investigator AUTOVON Code Requirement $K Key

Z182 Simultaneous Automatic D. G. Mudd 952-6257 3300 ZRO41-20 40 New
Recording and Automatic
Processing of Echocardio-
grams and Other
Physiological Data

Z183 Hard Copy Technology F. C. Martin 952-6541 3100 ZRO21-03 45 New
Improvements

Z184 Electromagnetic In- J. H. Provencher 952-7098 2300 ZR021-05 30 New
vestigation of Chaff Clouds

Z185 Feasibility of Photo- W. M. Chase, Jr. 952-7701 2100 ZRO11-07 6 New
Modulating Ship

Z186 Kinetics and Effects of Dr. S. J. Szpak 952-6591 2600 ZROI 1-02 35 New
Hydrogen at the Si-SiO2
Interphase

Z187 Optical Waveguide Pro- Dr. R. A. Pappert 952-7688 2200 ZR021-01 35 New
pagation Theory

4



Independent Exploratory Development Program
for FY73

NELC
NELC Principal Mail ED Funding, NARDIS

Problem Title Investigator AUTOVON Code Task Area SK Key

Z238 BAMS Command Control F. C. Martin 952-6541 3100 ZF61-212 40 DN112044
Display Module

Z239 BAMS Control System D. W. Doherty 952-6258 3300 ZF61-512 35 DN112070
Modules

Z242 Optical Data Multiplexing Dr. H. F. Taylor 952-6641 2500 ZF61-212 38 DN1 12087
(Towed Acoustic Arrays)

Z247 Development of Improved F. C. Martin 952-6541 3100 ZF61-212 62 DN213046
Display Techniques for Ad-
vanced Shipboard Display

Z250 An Optical Signal Cross K. Bromley 952-6641 2500 ZF61-112 44 DN213049

Correlator for Active
Sonar

Z251 Advanced Integrated L.J. Johnson 952-6878 4800 ZF61-312 60 DN213141
Material Power Supply

Z252 Liquid Crystal Device M. A. Monahan 952-6641 2500 ZF61-212 70 DN213142
Development

Z253 Small Ship Electronic W. J. Dejka 952-6859 4300 ZF61-212 48 New
Systems

Z254 Tuned HF Antenna H. K. Landskov 952-7860 2100 ZF61-512 65 New
System for Small High-
Speed Ships

Z255 Charged Coupled Device J.J. Symanski 952-6515 3200 ZF61-212 40 New
Bulk Storage Memory

Z256 Hardwired Information Dr. D. 0. 952-6515 3200 ZF61-212 40 New
Exchange System Cluisty

Z257 Transform Source En- D.C. McCall 952-6257 3300 ZF61-11 2 50 New
coding Technique for
Bandwidth Reduction in
Digital lng Trns-
minslon

Z258 Speech Ptocesizng for C. R. Allen 952-7372 3400 ZF6i-212 37 New
Radio Communication

Z259 At Sea Tactical Command G.E. Frckson 952.6268 0200 ZF61-212 65 New
and Control System Study

Z260 Switching Regulator Teat- LiJ. Johnson 952-6878 4800 ZF61-512 57 New
nologly

Z261 Fiber Optics EmitterlDe- Dr. S. A. Miller 9S2-6591 2600 Z1:61-212 70 New
rector Evaluation
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NELC
NFLC Principal Mall ED Funding, NARDIS

Problem Title Investigator AUTOVON Code Task Area $K Key

Z262 Evaluation and Develop- Dr. 1. Lagnado 9S2-6877 4800 ZF6I-512 45 New
ment of CMOS Tech-
nology

Z263 LSI Digital Filter Develop- C. A. West 952-7023 4800 ZF61-512 50 New
ment ZF61.4 12

Z264 Adaptive Array Antenna J. H. Provencher 952-7098 2300 ZF61-112 30 New
Development

Z265 Time and Frequency J. W. Troy 952-7232 4500 ZF61-512 52 New
Domain Reflectometry
Techniques

Z266 Solid-State Oscilloscope/ J. W. Troy 952-7232 4500 ZF6I-512 s0 New
Analyzer for Fleet Elec-
tronics Support
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