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T Independent Research and Independent Exploratory Development Pro-
grams for fiscal ye..r 1975, described in this report, continued to support the
Cen‘er's o_jectives by developing new capabillities in the technology base
for (he future ard Ly improving present capabilities through extending range
in sensitt "y, frequency, or processing speed and through increased relia-
biity, Improved acquisition methods, and decreased vuinerability.

This y3ac a portion ot the Independent Exploratory Development funds was
dsdicated to the solution of Marine Corps problems. In each case there was
a nee. for improvernent in some specific sector of a major program — improve-
ment that could be achieved with a small expenditure in funds and manpower
but would result in a considerably enhanced capability.

Since 75 percent of the IR/IED projects were initiated in FY?75, a larger
proportion than usual continue into FY76. As a consequence of this, 85 per-
cent of the funds are planned for continuing projects and there are only
three new starts in each IR and IED. This meant that many excellent pro-
posals had to be rejected because of lack of funds.

H. T. Mortimer, Head
Technology Program Management Olfice
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Solid-State Materials
and Processes Char-
acteristics: Rellabllity
Improvement by Process
Control and Surface
Analysis

Independent Ressearch
ZR011 02 (NELC Z2195)

N. K. Wagner

Application of diagnostic techniquea exposes
such threats to reliability as high concentra-
tions of surface impurities on “99.989% pure”
aluminum pellets and interfaclsl oxides in

thin deposited fiims. Measuremant of spatisl
variation In electrica! characteristics across
CMOS test walers reveals significant varia-
tions belween batches and even belween wafers
within a batch.

Work performed duning FY75 centered on
the uyse of advanced analytica! tools and
tachmiques to achieve understanding of varia-
tons th rehabilly and portormance of com-
piemeniary metal-oxide-semiconduclor (CMOS)
silicon integrsied circuits. The approach
was twolold. Frest. semuconduclar diaghostic
techmgues ware used o study the oftest of
materials and processes on device characler-
wtics. Second. the variation of key elec-
tricnl patameters across CMOS/LSI walers was
megsured in gn attemy! 15 Jetermine the acluat
contnbutions ot such diverse factors as
malenals detects. desigh critena, and pro-
cossinn vanables 1o the perlormance, yield.
and reiiability of inished integrated
cirguts.

DIAGNOSTIC TECHNIQUES

Work begun in FY74 involving the applica-
tion of an Auger electron spectrometer to the g
analysis of 5 — 20-A surface contamination }
layers was continued and expanded to inciude :
system modification for electron beam scan-
ning to enable detection and spatial mapping
of surface impurity sites as smali as 5 micro-
meters in diameter.

Application of the advanced diagnostic tech-
niques has resulted in direct benefits from
both technological and scientific viewpoints.
For example, aluminum pellets certified to
99.999% butk purity by the manutacturer for
use as aluminum metallization evaporation
sources during electron beam deposition were
found to contain high surface concentrations
of impurities such as sodium. See figure 1.
The detection of these impurities by Auger
analysis was discussed with the water pro-
cessing areas and the materials manufacturer
to develop improved manufacturing methods.
Also detected were interfacial oxides in thin
deposited tilms, aluminum alioying areas
formed during sell-healing dielectric break-
down, angd Schottky barrier diodes created
in MOS capacitors by residual damage in the
silicon surface.

Comprehensive test patterns — designed
dunng FY?74 — were fabricated in NELC's
CMOS/LSI tacility over a 9-month peried
involving live separaie CMOS waler batches.
A tesling technique was implemented by using
a compuytorized tester and a large digital
computer to measure and display the variation
of critizal paramaters such as threshold volt.
age, breakdown voltage sheet resistivity,
saturatios current, and ¥ rringme-sihcon
contact rasstance acru. s i W ery

The measargment was pertormed for g total
of 22 waters containing aparoximately 200
1est pattarns vach This inloimation was dis.
played as a spalidl vatighon pattern tor
each parameter and each test struclure, show-
ing the geomaetrical trend of the data as a
three-dimensionai surface. Consislent toeilds
are recognizable n several parameters. how-
aver. sigruficant vanations were ohiesved
batwoan batches and. cccusCnaly. holwach
walers withun a batctr The displavs wete
found to be usctul in correlations with phys-
weal partameters such as Crysta! defect dens-
ity 83nd surlace stale density measuremen
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in process contrgl; as design guidance; and Wagner, N. K,, "Semiconductor Reliability
as a potential method for monitoring and ac- improvement by Process Control,” NELC
ceptance-testing in crucial LS| device pro- Technical Note 2775, October 1974
curements. Wagner, N. K., "Analysis of Microelectronic
Materials Using Auger Spectroscopy and
PUBLICATIONS Additional Advanced Analytical Techniques,”
Wagner, N. K., "Auger Electron Spectroscopy NELC Technical Note 2904, February 1975

tor the Analysis of Integrated Circuits,”
Proceedings of the National Electronics
Symposium (NEC), p 107-111, October 1974
Wagner, N. K., "Analysis of Microelectronic
Materials Using Auger Spectroscopy anc

Additional Advanced Analytical Techniques,” Contact:
Proceedings of the International Microelec- N. K. Wagner
tronics Conterence (IMC/NEPCON), February NELC Code 4600
1975 {714) 225-6591
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Figure 1. Auger electrcr: analysis of dark area on surface of aluminum boule
showing high sodium leved.
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Human Declision Making
as a Function of Dis-
play Composition
Variables

Independent Research
ZR042 09 (NELC 2109)

R. A. Fleming

In any command control system it is the
display which makes needed information avail-
able to the decision maker to be used in the
instant formulation of an effective response
to a given situation. Before the display can
be implemented, two basic questions must
be resolved.

1. The display will of necessity be limited
in capacity, whereas po‘entially useful intor-
mation is almost infinite — which items shall
be shown?

2. There are many iorms in which the sel-
ected iteins may be made visible — in which
torms wili thoy be understood most quickly?

This oraject is specitically concer~ed with
determane o« information required 107
rapid-re . ¢ 2y tinpl god task-force-lavet
dacisio: .-, duvelopic g guidelines for
the disptay of this information on the pri-
mary tactical display (3 radar console of
large-screen dispiay). and outlining areas
of research required for further oplimization
ot th@ displays.

OVERALL ACCOMPLISHMENTS

The requirements analysis in FY?5 indicated
additional intormation which was required on
the primary display. Atphanumetics and geo-
metric symbology wetre the two major intor-
mation coding candidates. A determination
was made. where possible, as to which items
ot information would test be presented as
afphanumerics and which as symbols or symbol
modifiers. Literalure reviews into intorma.
tion coding indicaled substantial gaps in
cértain areas. and a series of research proi-
ects was proposed.

THE INTERACTIVE
GRAPHICS PROGRAM

A significant accomplishment in FY75 was
the development of an interactive graphics
program for the creation of tactical sym-
bology and high-quality simulated tactical
scenarios.

The hardware for the graphics system con-
sists of a memory scope and its associated
hard-copy unit which can be purchased for
less than $10 000 and a remote, time-shared
computer. The graphics software makes the
assumption that associated (required) soft-
ware is available on the host computer.

A cost-effective interactive graphics
program is developed for the creation of
tactical symbology and high-quality simu-
lated tactical scenarios. With suitable
menus it can be adapted for use by other
DoD and non-LoD agencles.

The program is based upon an earlier,
simpler version of a drafting program used
for the creation of flow charting and other
dralting symbotogy. Modilications make it
more suitabte for the creation ang produc-
tior of classical Navy Tactical Data System
(NTDS) symbology as weli as for the crea.
tion of realistic static replicas of tac-
tical scenarios as seen on 3 UYA-4 consolg.
See figures 1 and 2.

The basic purpose of the program is the
creativn of menu items. After log-on pro-
cedutres and initialization of the menu pro-
gram, an X-Y grid is displayed as an aid in
the layout of the symbol. Positioning of the
cross hairs is used to specily beginning
anhd end points of symbol lines. Special tech-
niques are available for drawing arcs and
gutves. Once a symbol is completed and is of
acceptable quality, it 1s filed on disc and
assigned a unique three-digil identitier.

Once tiled. the symbol can be manipulated in
a variely of ways. The anguiat orientation

can be changed lo any requitement, and sym-
bols can readily be created which are 20°
and 180 out of phase with the origihal sym-
bo' A symbol can be recalled, rescaled in

it st i v
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size, rotated, and then added as a component
of a new symbol. This embecding technique is
very useful tor creating complex symbols from
a menu of relatively simple subcomponents.

it is also helptul in adding symbol modifiers
to basic symbols without the requirement of
redrawing the original symbol. Also, a series
of symbols can be added to a "blank” symbol
and then filed. When the "blank” symbol is
racalled, this single comraand will display

a preselected and preformatted cluster of
symbols in the specified location on the
screen. These capabilities are illustrated

in figure 3.

Tactical NTDS scenarios are created by use
of a "put” (P) command. The cross hairs
are positioned to a desired X-Y location on
the screen and the letter "P” is typed by
the operator. The computer requests the three-
digit identifier of the symboi desired in
that location. Once it has received the identi-
fier. the computer will display the symbol in
that focalion scaled to any size preselected
by the operalor. The current default condi-
ton is a size which produces on the hard-
copy output (there is no 1:1 correspondence
between scope size and hard-copy size) a
symbol size identical to that on the UYA-4
console. Once the symbol has been displayed,
the cross bairs reappear and can be posi-
honed o the locatior for the next symbol
The ¢ross hars can also he left w1 the cur-
reat positon for the add:hion of modifiers
0 the latest symbal Using combinations of
these moves. the user can greate a muit-
symbal scengny which contamns all the stand-
ard NT0OS emadhhers

Tha onmary advaniage of the ntgractve
iraphics program is cost-gftoctvennss Cog:-
13l outtay tor the inshal procuremant of the
Rargwars s moumal The tacrmnat and 1its hard.

copy unit can be purchased for a total undar
$10 000. The high-quality simulated tactical
scenario displays can be produced at a frac-
tion of the cost of producing similar dis-
plays on the NTDS.

The scenario displays are easily modified
in terms of format, angular orientation, and
size. If the program menu is changed from
NTDS symbols to chairs, desks. consoles, etc,
the program will function as a workspace
layout program. If the menu items are knobs,
dials, keysets, etc, it will function as a
console design program. The “P” command
described above would be used with the appro-
priate menu to create either workspace lay-
outs or detail console design pictures.

The program is potentially useful to any
agency concerned with the rapid display of
a large volume of compiex information. Possi-
ble users include other DoD agencies, the
Federal Aviation Administration, and both
military and nonmilitary human engineering
research groups.

Stimulated by the interes! aroused by the
static scenarics, a new program is under
development {or another uroject which wilt
enahle animation (symbo! movement) to be added
to the scenario.

PUBLICATION

A document was wniten on this sybject in
FY75 by R A Flamning tor pubhcation as
an NELC technicat note. With tho experi-
meantal data. this matenal will later he
submitted to the Muman Factors Journal
tor pubiication

Contact

Dt B A Flonung
NELG Code 3400
i7 14} 225-7372
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Figure 1. Currani symbol menu.
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U.S. Marine Corps
Tactical Time-Diversity
hf Modem

Independent Exploratory Development
ZF61-212 (NELC Z279)

G. A. Clapp

Most military hf circuits do not begin to
fully utilize the available 3-kHz channel.
Data rates in the channel that can support
2400-baud operation are frequently only 75
baud. if the channel space is not required
for data, it should be used for error ¢control.
Significant error control can result from
using any available diversity combining.
Frequency diversity is available in some
modems, but time diversity is not a currently
available technique. Time diversity will be
a significant asset to the h{ user by pro-
viding protection against impulsive noise
and fading.

The FY75 project etfort consisted of the
design and construction of time-diversity
circuitry and testing over hf radio links,
all accomplished at an expenditure of only
$20k.

The simpie, low-cost circuitry reflects
currém digital technology and incorpor-
ates a majority vote logic circuit recently

- developed at NELC (see fig 1). It provides

up to eight orders of time diversity, and is
 designed to be used with existing multichan-
_nel frequency- shift-keying {FSK) modems. The
“tone gireuitry of the in-service UCGC-1 six-

" teen-tone hf modem was used to spare the

t'ime' and expens: of duplicating this capa-
Eility for the first two feasibility units.

Follow-on units wili have thewr own tone package.
Prototype circuitry was completed in Decem-

ber 1874 and the 2-week-long hi lesi over a
500-mile path was completed in January 1975,
Nondirective antennas were used and transmit
powers were held to less than 1 kW in order
to simulate tactical operating conditions.

The testing permitted aptimization of the

12

number of orders of time diversity and the
time delays of each diversity channel, and
also indicated the improvement that could
be expected from employing time-diversity
techniques. Optimum configuration was five
orders of time diversity spread equally over
2 seconds of time.

Space in a 3-kHz hf radlo channel not

utilized for data is used for time-diver-

sity errcr control. Error rate improvement
effected by this technique exceeds a factor

of 10. By taking maximum advantage of develop-
ments in digital technology, this austere

and innovative development project — extend-
ing from modem design through construction and
on-the-air testing to dellvery of two opera-

tional units — was accomplished at a total
expenditure of only $20k.

~ .Significant bit error rate improvements
were observed from applying time diversity

to the 75-baud FSK signals. Error rate im-
provements generally exceeded a factor of 10
and on occasion a factor of 100.

As a direct result of enthusiasm at high
levels in U.S. Marine Corps Development Cen-
ter and the Naval Electronic Systems Command
over the prospect of obtaining such a capa-
bility (less than 15 pounds, less than 0.5
cubic foot. and less than $500 per unit in
production), NELC was requested to fabricate
two units sustable for field demonstration
and subsequent trial deployment to the Medi-
terranean with the 32nd Marine Amphibious
Unit. The units were delivered and tested in
July ard will be on deployment from August
1975 through January 1976.

Concurrently. U.S. Marine Corps Developmemnt
Center and NAVELEX tasked NELC to fabri.
cale four feasibility models of a new Time
Diversity Modem (XF21.222-015, NELC N466).
These units will have thelr own tone pack-
age and thus not require that of the UCC-1.
Additionally, they will have the capabulity
of simultaneous voice and five-order time-
diversity 75-baud data transmission over the
same 3-kHz rf channel These units will be
delivered in November 1975, Finally, invest-

|
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gations are planned for the provision of nar-
rowband cryptographic voice protection with
simultaneous time-diversity data transmission.
Time-diversity units have a large number
of potential military applications. Any low-
speed TTY circuit that has a 3-kHz channel
assignment — selected ship-shore links,
Antarctic-New Zealand, etc — can use the
technique, which also has potential ASW air-

T T A R T T e R N LR T e

‘ d licati Contact:
: ground application. G. A. Clapp
NELC Code 2100
PUBLICATION (714) 2257146
“Time Diversity for Use on Tactical HF or
Links” was written in FY75 by G. A, H. J. Feeney
Clapp and will be published as an NELC NELC Code 1700
technical note. (714) 225-6764
S Hz CLOC 23
B e ez o
SYNCHRONIZE R
DATAIN [7:34 DELAY _INE
FROM YTV :SOLL‘C‘AOLF)‘ nﬁsgl:rrsn
123 HITs . - z
G HITS > > beegp  FIVE
s o Siman e S e gyt
32 HITS DELAY N MATHIR RE AU REVENY
F=P 50 1a L OO ;
NODELAY - l—» 1
L——nmm k

Figure 1. Transmit Section~-Time Diversily Unit, block disgram. Receive
saclion works in reverse—5 inpuls, after suitable dalay and bit-
by-bit majority vote decision, drive a singie TTY oulput circuil.
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{Onty projects not listed in earlier reports®)

- NELC
Funding No. Title Based on
TGI 153N RR04-120-01 S109 | Automatic Processing of Echocardiograms 61152N ZR041-20 (NELC 2182)
61153N WR02-103.002 F303 | Synthesis and Growth of Heteroepitaxial 61152N ZR021-02 (NELC 2102)
InSb‘As1_prilayers and P-N Junction
62712N XF12-151-003 ‘ G231 | Millimeter Wave Downconverters 61162N ZRO11-07 (NELC 2193)
B82712N XF21.222015 | N4B6 | USMC Tactical Time Diversity KF Modem 62766N ZF61-212 (NELC 2279)
62721N XF21.222.025 | WB10 | Etectro-Optical Processing tor Communicatior., 62766N 2F61-212 {NELC Z2274)
33401N X3259 & NRL NIF |
62762N XF54.545.011 & 022 | R405 | Low Cost E'actronics 62766N 2F61-512 (NELC 2269)
62762N XF54.645.019 224 | Standard Electronic Modulas/Standard Hardware 62766N Z¥61.612 (NELC 2240)
Progrom {SEM/SHP) R&D Applications Program
63713N S4636 & NSA F234 | Oeep Submergence Rescue Vehicle Fiber Optic TV | 6276GN ZF61.212 (NELT 2246)
64518N S31X5 8193 | Programmable HF Modem Suited fo: Link 11 62766N ZFG1-212 INELC 2211
Communications
AFNORAD F236 | Frber Opuc CONAD Interface Development 62766N ZFG61.212 INELC 2246)
LNAD NIF F235 | Aviome Prassure Bull\hew Opucal Connector 62766N ZFG1-212 INELC 2246}

*NELC T 147, 1 8ep 1971, TD 194, 1 Sop 1972, TD 267, 1 Sep 1974, and TD 348, 1 Sep 1974
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Integrated Optical
Processing: Integrated
Optics Devices

ZR011 12 (NELC Z104)

H. F. Taylor

“Integrated optics” is concerned with
the development of thin-film dielectric wave-
guide components for carrying out a variety
of operations (for example, modulation,
- switching, directional coupling) on guided
light beams. Both theoretical and experi-
mental investigations of integrated optics
devices for information processing were
carried out in FY75. New concepts in the
areas of optical logic, A/D (analog to digi-
tal) conversion, addition of binary numbers,
and fiber optics delay lines were developed,
analyzed. and documented in journal arti-
cles. patent disciosures, ang proposals.
The analysis indicates that integrated op-
tics could provide the capability to perform
logic operations in 1 ng, A/D conversion at
500 MHz, and binary addition at 250 MHz;
and to produce delay lines with time-band-
width products in excess of 100 000. Sig-
nthcant improvements in the information-
processing capabilibes of radar systems
and digital computers could resuit from
the wimplementation ot thase new concepts.

A new class of devices combines optics!

snd electronic techniques to achleve higher
tevels of performance in information pro-
cessing. The FY75 effort ranged from analysis
through experimentation to actual fabrication
of devices.

16

Experimental work was directed towards
demonstrating optical logic and A/D conver-
sion. Under a contract supported by this
program, the University of California, San
Diego made measurements on the photoconduc-
tive properties of semiconducting 1l-VI
compounds. Both bulk CdS and annealed poly-
crystailine CdS films demonstrated satisfac-
tory photoconductive progperties for use in
logic elements.

Work on logic elements at NELC concen-
trated on the fabrication of devices by diffusion
of Se into CdS. Techniques were perfected
for polishing the substrates, compensating
them by Cd diffusion, characterization of
photoresist for mask patterns, obtaining
ohmic electrode contact, and preparation of
optical surfaces for coupling light into and
out of the diffused waveguides. Excellent
waveguide patterns have been obtained, and
final device fabrication steps are in progress.

A bulk crystal of LiTaOs was used to
modulate the intensity of light from a HeNe
taser at 60 Hz in a demonstration of the
feasibility of electro-optic A/D conversion.

A maximum relative phase retardation of 8
r radians was obtained — equivalent to
three bits of precision. The linearity was
better than 1%, indicating that a precision
of six bits or better is feasible.

PUBLICATIONS

Taylor. H. F.. “"An Elactrooptic Technique
tor Anglog-To-Digital Conversion,”
Proceedings of the IEEE. v 63, 1975 {in
pross)

Taytor, M. F.. "An Electrooptic Technique
tor Adding Binary Numbets,” Elec-
tromcs Letters. v 11, 1875 (in press)

Contact:

Or H F Taylor
NELC Coude 2500
(714) 225-6641
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Integrated Optical
Processing: Sllicon
Detector

ZR011 12 (NELC 2104)

{. Lagnado

An infrared sensor, precharge circult, and
output amplifier integrated on a silicon
substrate have been designed, fabricated,
and tested. Capable of detecting a 10*-
electron signal, the device shows promise
for fiber optics applications.

The FY75 effort in this program was de-

voted to the development of a technological
base for the integration of a silicon photo-
detector and ii5 accompanying amplifier. The

wnegration of these two components allevi-

ates some of the critical problems which
limit the pertormance of presently designed

optoelectronic systems with discrete parts.
In the latter designs, stray capacitances

and r! pickup are the main ! “ctors aftecling

speed and noise characteristics. The elimin-

ation or substantial reduction of these para-

sitic effects resuits in increased band-

width and noise reduction in both fiber
optics communication and optical processing
applications by providing fast, active ele-
ments in compact torm,

e s L 3t VI ML o N LI Ly TR e sat P ETRA Sw L. e —r

To demonstrate the feasibility and advan-
tages of a “single” silicon substrate ap-
proach, an integrated senscr/precharge cir-
cuit/output amplifier was designed, fabri-
cated, and tested at NELC. While PIN or
other silicon avalanche diodes are usually
used for optical detection, a simple metal-
oxide-semiconductor (MOS) structure was
selected for the silicon sensor, for com-
patibility with present integrated-circuit
practice and ease of implementatior.. The
fabrication of these optical sensor/ampli-
fier devices uses the techniques of the n-
channel, silicon gate technology for (1} its
inherent higher-speed capability due to tha
combined eftects of the higher electron
mobility and elimination of Miller capacit-
ances; (2) lower densities of fast interface
states, hence lower I/f noise ftigure and
smaller devices (gates), hence reduced RC
thermal noise; and (3) relative transparoncy
of the sensor polysilicon electrode to in-
coming optical signals, hence smailer
losses. On the basis of an analysis of all
noise sources in the sensor, a small metal-
oxide-semiconductor field-effect transistor
(MOSFET) is placed adjacent to the sensor
to maintain a high signal-to-noise ratio to
satisty the requirements for high sensiti-
vity. To reduce the effect of wiring capa-
citances and othet parasites from peripheral
electronics, this small MOSFET is “shielded”™
by one or two more stages which are designed
to provide a high overall signal-to-noise
ratio and larger bandwidth than a single
amplitier stage.

The correlation between the design goals
and the measured dynamic performance of the
integrated tunctions of optical detection
and signal amplitication is seen trom the
data of lable 1. Latest experimenial resulls
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indicate that the circuit is capable of de-

tecting a 10 000-electron signal at a 5-MHz
repetition rate. This is equivalent to a

light pulse erergy 3 X 10 '¢ joule; ie,

10 to 30 nW at 5§ MHz and a quantum efficiency
which increases from 20% at A = 1um to 70% at
N - 0.8 um. Operation up to 18 to 20 MHz was
also demonstrated with similar sensitivity.

An increase in sensitivity by a factor of 10 —

ie, detection of 500 to 1000 electrons — is
predicted when a floating gate replaces the
floating diffusion employed in the experi-
mental circuit. A model is being designed

to demonstrate the high sensitivily of the

18

device for the purpose of stimulating inter-
est in the application of this device in
fiber optics.

The practical uses of this demonstrated
approach to fiber optics communications and
optical information processing are mainly in
operational missions requiring medium data
rate (5 — 10 Mb/s), low-noise optical detec-
tion, and high signal-to-noise amplification.

Contact:

Or. I. Lagnado
NELC Code 4800
(714) 225-6877
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ZR011 02 (NELC Z195)

INTRODUCTION

H. H. Wieder

The five articles under NELC 2195 (one of
them a highlight on page 5) describe work
performed during FY75. The major thrust of
this program is toward the research and
development of advanced techniques and
capabilities at NELC for the scientific
analysis, understanding, and control of
semiconductor materiais and devices impor-
tant for advanced Navy systems.
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Solid-State Materials
and Processes
Characteristics:

Metal-Oxide-
Semiconductor Surface
States

ZR011 02 (NELC Z195)

A. K. Nedoluha

Surface states critically affect the per-
tformance of MOS devicas and represent one of
the most serious probiems of MOS process
control in device fabrication. Improved
control of surface states is expected to
lead to higher device yieid and reliability,
beneficial to both Navy and industry. In
FY75 the capability of measuring and char-
acterizing surface states was established at
NELC. and work to relate the surface state
characteristics 10 processing parameters and
device pertormance was begun. The test struc-
tures under investigation were silicon MOS
capacitors fabricated at NELC.

NELC determines the energy distribution

of surface states on MOS devices via surface
photovoitage measurements and verifies the
resuits by means of conventional capacitance
and ac.conductance measurements. The uilimate
goal is febrication process control icading

10 higher yleld and reliabiiity.
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Emphasis has been placed on developing
surface photovoltage (SPV) measurements in
the range of logarithmic light intensity
dependence as a technique for quick, sensi-
tive, and reliable determination of the spa-
tial and energy distribution of surtace states.
To ascertain the practical usefulness of this
method, experimenta! features such as wave-
length dependence, illumination from front or
back, ambient light, contact problems, chopper
frequency, use of partially transparent chopper
blades, and dependence on the capacitor area
have been investigated. For capacitor dia-
meters less than the minority carrier diffu-
sior length, an empirical correction factor,
linear in the capacitor diameter and dependent
on the diffusion length, has been found.

To exemplify the role of surface state
density with respect to processing parameters
and device performance, SPV and flat-band
voitages of an array of MOS capacitors dis-
tributed over a 2-inch wafer were measured
and compared with the resuits of threshoid
voltage measurements on an array of MOS
transistors over the same wafer. Correlations
of surface state density, flat-band voltage.
and threshold voitage as functions of posi-
tion over the wafer have been shown.

To supplement the SPV technique, the capa-
bilities of performing conventional and guasi-
static capacitance measurements and bridge or
lock-in ac-conductance measurements have been
ostablished. The ac-conductance method ylelds
surface state cross sections in addition to
density. To the limited extent that SPV and
ac-conductance measurements have been com-
pared. the resulting surface state densities
are in agreement.

Contact:

Dr. A, K. Nedoluha
NELC Code 4600
(714} 225-6591




2
S AT S

sy 2

e

;i
T

MEEAR L #od

Solid-State Materials
and Processes
Characteristics:

Photovoltage
Profiling

ZR071 02 (Z195)

D. L. Lile and N. M. Davis

In FY74 an optical beam scanning system
was constructed for the profiling of semi-
conductor materials and circuits and for the
determination of carrier lifetime by means
of a photovoltage measurement. System opera-
tion was demonstrated by proiiling samples of
device grade silicon (fig 1).

in FY75 photovoltage profiling was compared
with alternative, more standard, methods for
determining lifetime; specifically, with
measurement of photoconductive and photo-
voltaic pulse and frequeircy response, with
measurements of capacitive decay, and with
measurements of the photoelectromagnetic/
photoconductive ratio, and with electron beam
and optical beam scanned measuremeni. The
results were encouraging. Photovoitage pro-
tiling compared very favorably with the
National Bureau of Standards (NBS) method,
photoconductive decay, and in fact NBS Is
reporied to be considering the use of photo-
voltage measurement as an alternative lite-
time measuring standard.
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Photovolitage profliing may be used to
detect defects In semiconductor materials
and to provide data on carrler litatime
reiated to device performance. Applled early
in the production cycle, it could Increase
the yleid and rellabilily of semiconductor
clrcuits.

— e - e

Photovoitage profiling was also compared
in FY75 with other methods of device and
material evaluation. The equipment wes modi-
fied and extended to allow for the probing
of integrated circuits (ICs) and test pattern
structures. Qualitative investigations and
quantitative measurements of photovcitage
and lifetime were conducted on a variety of
structures, including commercial meial-oxide-
semiconductor and field-effect-transistor
devices as well as ICs and test pattern
structures manufactured in house. Most re-
cently a lifetime profile over the entire
surface of a 2-inch-diameter test pattern
array was obtained. The results of this mea-
surement are currently being compared with
other data obtained on the same sampie.

The technique has also been applied in a
cooperative effort with other concurrent
programs to devices made of other materials.
Samples of InAs, InSb, and n and » GaAs
have been evaluated. The results indicate
that photovoltage profiling, as expected,
may have wide application in the testing
of a variety of semiconductors.

PUBLICATIONS

Lile, D. L., and Davis, N. M., "Semiconduc-
tor Protiling Using an Optical Probe.”
Solid-State Electronics, Pergamon Press,
v 18. p 699-704, 1975

Lite. D. L., and Davis. N. M., "Optical
Techniques for Semiconductor Material
and Circult Inspection.” Solid State
Technology. July 1975
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Dr D. L. Lile or N. M. Davis
NELC Code 2600

(714) 225-6591
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Figure 1. (a) Scanned photovoltage response of the polished front face of
a piece of silicon immersed in Na:SOu electrolyte which provides
the (noncontaminating) electrical contact. The detail in the center
of the slice is due to a fine scribe line drawn across the back of
the sample. The sketch (b) defines detail in the photovoitage

display.
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Solid-State Materials
and Processes
Characteristics:

X-Ray Topography

ZR011 02 (NELC Z185)

A. R. Clawson

X-ray topography is used In the analysis
ot crystal detects and their effect on yield
and reliability in metai-oxide-semiconductor
device technology. It provides a Bragg reflec-
tion micrograph which images the defects in
silicon wafers. These “x-ray topographs”
allow icentitication ot processing steps in
the device production which introduce damage
10 the wafer. Furthermore, analysis of fin-
ished devices allows correlation ol device
performance and failure to the crystalline
pertection of the water. Use of x-ray topog-
raphy at NELC prior to the initiation of
this task had been limited t0 a few topo-

graphs done by the courtesy of IBM, East
Fishkill, New York.

In FY75 the procurement of x-ray topog-
raphy apparatus for use at NELC was initi-
ated on the basis of studies of the tech-
nique, including in-laboratory use of equip-
ment at 1BM. The equipment has been installed
and good quality topographs are being ob-
tained of 2-inch-diameter silicon waters
from the NELC microelectronics laboratory.

It is expected that x-ray topography will
continue to be used as a tool in the evalua-
tion of MOS/LSI davice technology. It wil
also be used for evaluation of strain and
defects in -V semiconductor epitaxial
layers in FY76 after purchage of a copper
target x-ray tube for this purpose.

PUBLICATION

Clawson. A. R, “Dislocation Observation
in MOS/LS! Silicon Waters by X-Ray
Topography,” NELC Technical Note 3012,
29 July 1975

Contact:

A. R. Clawson
NELC Code 4600
(714) 225-6591
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Solid-State Materials
and Processes
Characteristics:

Charge-Coupled
Imaging Device Noise
Measurements

ZRO11 02 (NELC Z195}

C. R. Zeisse

The nolse charscteristics of a CCID were
measurad. Considerable Improvement is needed
before LLL imaging can be achleved through
this technology.

The charge-coupled imaging device (CCID)
1s a recently developed solid-state imaging
sensor which stores optical tnformation in
discrete packels of alectronic charge ranging
up to as many as a muilkon olectrons. It has
been under consideration for use in Navy low-
ight-tavel (LLL) wisibie imaging systems.

This application i3 a stringer! one for any
imaging sensQr because of the dearth of
photons available to begqin with. in fact,
optimistc calculations show that o CCIO
operating in typical telavision tashion

weulg procduce a maximum of 40 clectrons in
a@ach photosensitive rosolulion elomont
{'pmel’) This is g smalt signal Thore-

tore. CCID noise is very 'mportant in this
applcation

In FY74 a computer system was cieveloped
for making signal and noise measurements on
CCiDs. In FY75 the system was refined, and
the noise of a particular CCID was partially
characterized at room temperature.. The device
was a 500-pixel, buried-channel, linear
array, obtained by the Navy under contract
and representative of current technology.

The measurements were analyzed, and it was
determined that a hypothetical 500-by-500
area array {similar to this 500-by-1 linear
array) operating at room temperature in a
television timing format would have the foi-
lowing noise contributions:
Dark current spikes 30 Q00 electrons
Number of spikes per line 3
Reset noise 100 electrons
Shot noise in the dark current 100 electrons
i/1 noise in the output FET 50 electrons
it was concluded that:

1. Low-hght-level imaging is not possible
at room temperature with presently available
CCiDs.

2 Dark current nonunitormities or spikes
on the grder of the dark current itsell are
the major limitaton at room temperatuyre.

3. Successful low-iight-tevel imaging will
require, 1n order of impartance: removal of
the dark current spikes, reduction of the
ra253t noise. coohng to reduce the shot noise
in the dark current. and reduction of the
14t noise i the output tield-eftect transistor

PUBLICATION

Zasse. C R . Lose ang Qptcal Measure-
ment Terhmques 10r CCI0s. - NELC Techni.
cal Note 2831, 12 Novembor 1973
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Ot C R Zesse
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Indium Phosphide
Diagnostics

ZR021 02 (NELC Z102)

H. H. Wieder and C. Wilmsen*

Microwave field-effect transistors (FETSs)
using indium phosphide epitaxial layers with
metal (Schottky barrier) gate-electrodes
have been produced successfully in the labor-
atory. The high electron mobility (4400
cm?/V-sec) and large band gap (1.34 eV) of
InP make this semiconductor a candidae for
solid-state field-effect devices intended
for use above 10 GHz. However, the reverse-
bias lea'.age current of metal gate FETs is
large; in consequence they are noisy and
their power gain is greally reduced. A
metal-oxide-semiconductor field-effect
transistor {MOSFET) structure {ref 1)
offers an aiternalive device contiguration
which might ¢circumvent these problems and
afso pave the way for an MOS InP integrated
cirguit technology for microwave {ogic and
related device applicauons.

in orgder to tabricate a usefu! MOSFET,

2 thin dielectric film must be farmed on

this dielectnic 1aycr. The stoichiometry

of the semiconductor surtace must be pre.
served, and the surtace state densily within
the semiconducior must be low enough so that

the gate vollage can moduiate the conductance

ot the MOSFET In addition, the dislectric
tilm shou'd be relatively hard. elecisically
stable tor fong periods. and impervious 0
giftus:an of imputities i order 10 preservy
the integrdy of the insulator-semiconductor
mtastace. Ourng this reporting period a
nymber of methil.onde-semiconductor (MOS)
capacttors were formed on nlype InP waters
and spdayers These bay typical 300 -K
2lociroh gensthes ang mobilitics of 2 - 10°¢
et gnd 3100 e V. sec respectvely

Thees hypes of dietocizic filing were formed
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on thase InP specimens: anodized, sputtered
Si02. and double layers made up of an
anodized layer with a ceating of sputtered
Si0:. The anodized films were formed
electrochemicaily: a constant current den-
sity of 0.6 mA/cm? was applied between a
platinum electrede and an InP specimen in
a 0.1N KOH electrolyte in room light. The
curves for voltage drop across the growing
oxide vs time do not follow standard anodi-
zation theory (ref 2); the anodization of

inP is compiex, and the approximately 550-
A-thick oxide layers consist primarily of
In20s, as determined by Auger compo-
sitional analysis. The SiO: tilms were rf
sputtered at an Ar pressure of 6 um from
a 4-inch-diameter quariz target. Half of the
InP waler was anodized and then the entire
waler was coated with the sputtered SiOa,
providing a direct comparison between the
properties of the sputtered SiO: and the
double-iayer films.

The properties of the MOS capacitors
with the three oifferent types of dielectric
iayers are shown ip fig 1 and 2. The sur-
face of the anodized MOS capacitor changes
from weak mversion at zero bias 10 accumu-
fation at - 0.7 voit. Thus, the surface poten-
tial can be modulated by an external voltage.
However. the current through the oxide
risos rapidly with voltage: while tite anodic
oxide-inP interface properties are excellent,
the high leakage current through the oxide
makes this type of dielectric unsuitable
tor MOSFET applications.

In this program concemed with the devalop-
ment ol methods lor the evalustion of material
and device parameters, various MOS capa-
cltors wete formed on n-type InP waters and
epilayers. and three types of Hims wers
tormed on the specimens. MOS capacilors
tormed by spulter-costing 8 S10: layer

on 8 previously grown anodic oxide on tnP
ate found to have properties which may make
this conliguration uselul In mictowave loglc
devices needed for Navy data processing and
digital time divislon multiplex communice-
tion systems.
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The surface potential of the InP which
had SiO2 sputtered directly on the sur-
face is pinned in accumulation: varying the
gate voltage by 115 volts did not change
the surface potential of the InP. It is,
therefore, not a suitable candidate for
FET. On the other hand, the MOS capaci-
tors formed by sputter-coating a SiO:
layer on a previously grown anodic oxide
on InP had low leakage current (as much as
seven orders of magnitude lower than that
of the capacitors formed of anodic oxide
alone on InP), and the surface potential
of the InP could be modulated appreciably
with gate voitage as shown in figure 1.

Ai zero bias the surface was still weakly
inverted or depleted as with the anodic
oxide alone. The zero-bias surface charge
appears to be 6 X 10" cm™?, which is ap-
proximately the same as that of the anodized
fayer. Little or nio charge is trapped at

ihe interface between the two insulaiors,
and the sputtering does not cause charge
trapning damage. The SiO:2 not only re-
ducas the current thraugh the dielectric
layer but also provides a hard coating for
the relatively soft anodic oxide.

The surface state density of the MOS
samples nas been determined by the Ter-
man method (ref 3 & 4). This requires calcu-
lation of theoreticar C-V curve, surface
potentials, and space charge capautance.
and measutement of the high-frequency C-V
curve. Figure 3 shows the tutal number of

occupied surface states per unit area for
the arodized and also for the SiOz-coated
anodized InP samnles. The shapes of these
curves are quite similar, with the curve

for the anodized samples shifted approxi-
maiely a constant 100 states cm-2 from

the curve for the SiOz-coated anodized
samples. Differentiating these curves gives
the surface state density per unit area per
unit energy, which is of the order of 10"
surface states per cm? eV. These preliminary
results indicate that two-tayer oxides may
be appropriate for use in InP MOSFETSs.
Further investigations are underway to
demonstrate their applicability for elemen-
tary MOSFET device processing.

REFERENCES

1 Cardwell, M. J.. and Peart, R. F., Electron
Lett, 9, 88, 197 .

2 Dell'Oca, C. J., Pulfrey, D. L., and Young,
L., Physics of Thin Films, 6, Academic
Press, New York, 1971
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4 Zaininger, K. H., and Wartield, G., IEEE
Trans Electron Devices, 12, 179, 1965
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Signal Processing
Imager Using Charge-
Coupled Devices

ZR0271 03 (NELC Z194)

I. Lagnado

During the past 2 years, the concept of
combining detection (sensing) and processing
of optical signals within a single photo-
sensitive silicon charge-coupled device
(CCD) was Iinvestigated. Various mathe-
matical computations such as the Haar and
Hadamard Transforms were efficiently per-
formed with the recommended device organi-
zation (ref 1 and 2). The device was created
by the application of NELC/Naval Under-
sea Center innovative design to an existing
commercial product. The final result is
another commercial product which fully satis-
fies the requirements of a key technology
forecast item for compunents and devices to
be avallable in the 1979-1981 era (ret 3).

The technique to implement the more complex
Discrete Fourier Transform (DFT) or

Cosine Transtorm with the Chirp-Z Trans-
form (CZT) algorithm (ref 4) with this

linear imaging device constitutes the major
innovation resulting from this study.

A method is providad for combining signal
sensing, proceasing, and muitiplication in

a single chip using CCO, eliminating In-
terface problems through the use of a single
technology. Application s toressen in the
1879-1981 ere.

U
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It was demonstrated axs - imentally in
FY74 that the principle of simultaneoustly
measuring an optically incident signal and
performing a linear mathamatical transtor-
mation upon it is {easible. The experimental
voritication of the novel concept is pre-

28

sented in the form of & convolution/correl-
ation function as measured at the outpui of
the device (ref 1 and 2).

The effort In FY75 extended the theory
of the linear signal processor/imager to
more complex transforms such as the DFT.
For instance, as long as the function is
real, the real R and imaginary | components
of its Fourier or Cosine Transtorm can be
computad with the lineer device using the
efficient CZT algorithm. The latter is
extremely well suited to simple implementa-
tion with CCDs.

Thus, the present signal-processing sen-
sor provides a viable alternativs archi-
tecture for current signai processing and
imaging tasks, and simplities the compu-
tations and complexity of existing system:s.
As a general rule, these systems perforra
the following major tasks: image sensing,
signal precessing (convoiution), and sig-
nai conditioning {multiplication). The inte-
gration within a single functional device
of two aut of three tasks achieves a first-
generation improvement in system pertor-
mance and hardware simplification. However,
the specification that is usually attached
to the operation of multipticat'on is tech-
notogically the limiting factor. in the
search for a hetter upproach that reduces
or overcomes these lirr itations current to
signal processing technoiogy. the present
investigations offer the solution of on-
chip multiplication (ref 5) by means of
the Dual C2T architecture. This resull
is obtained from the observation that the
DFT is expressed by two equivalent for-
mulations:

1, Multiplication tallowed by convolu-
lion lollowed by multiplicaticn.

2. Convolution tollowed by multiplica-
tion foliowed by convolution.

The iatter implamantation, illustrated

by the Dual CZT, provides the method tor
integrating all three tagsks--sensing.
processing. and condihioning-~in a single
tynctional device. thus eliminating inter-
face probiems through the use of a single
technology.

Thi praclical uses are related to current
and projected operaticnal requirements in
motion compensation. facsimile, transmission
by data bandwidth reduction, and remotely-
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piloted vehicle, and in sensor require-
ments for bandwidth reduction. Application
is fureseen in the 1979-1981 time frame (ref
3).

During FY76 it is planned to demonstrate
the feasibility of a high-throughput, high-
accuracy multichannel Discrete Fourier Trans-
former using the on-chip multiplication ap-
proach, in the design of a digital trans-
versal filter whose finite impulse response
can be adjusted for various signal-processing
requirements.

REFERENCES

1 Lagnado, I., and Whitehouse, H. J., “Con-
cept of a Signal Processing Imager Using
CCD,” NELC Technical Document 274, CCD
Applications Conference Proceedings, 18-
20 Septemier 1973 (undated)

2 Lagnado, |., and Whitehouse, H. J., “Sig-
nal Processing image Sensor Using
CCDs," International Conference on Tech-
nology and Applications of Charge Coupled
Devices, 25-27 September 1974, Edinburgh,
Scotland (Edinburgh, Scotland: Univer-
sity Edinburgh 1974), p 198-205
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3 IEEE Spectrum, April 1875, Technology
Forecasting lll, Components and
Devices, p 50

4 Rabiner, L. R., et ai, “The Chirp-Z
Transform Algorithm,” i{EEE, Trans
Audio and Electre Acoustics, AU 17,
86, 1969

5 Lagnado, ., and Means, R., Invention
Disclosure entitled “High-Frequency
Muitiplier Using CCD Concept,” Navy
Case 59, 446
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Lagnado, L., and Whitehouse, H. J., “Signal
Processing Image Sensor Using CCDs,”
International Conference on Technology
and Applications of Charge Coupled De-
vices, 25-27 September 1974, Edinburgh,
Scotland (Edinburgh, Scotiand: Univer-
sity Edinburgh 1974), p 198-205
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NELC Code 4800
(714) 225-6877




Advanced Integrated
Material for

Power Electronics
Reliability

ZR021 03 (NELC 2103)

L. J. Johnson

Ali electronic functions can be sub-
divided into the processing of informa-
tion and the processing of power. Informa-
tion-processing technology (integrated
circuits, medium-scale integration, charge-
coupled devices, surtace-wave devices) is
so far in advance of power-processing tech-
nology that hardware reliability and system
cost are disproportionately influenced by
the relatively few power-handling components
of the system.

Materials, processes, and circuits de-
veloped In the power electronics rellabi-

lity program can be exploited in virtually
every Navy electronic aystem with benefits
including Increased rellability, lower costs,
and simpler Interfaces with batch-processed
integrated materials. This year's effort

saw progress in implementation ot the NELC-
developed universai-Input power supply clr-
cult in the areas of dedicated packaging,
standard electronic module application,

and higher-power design.

B T LT e L ] -

Electronic power, belore being filtered
and regulated by the electronic power sup-
ply. is an extreme retiability hazard. Over-
vottage sltres.es ¢o.niny rom iine voltage
transients which are permitted by mili-
tary spocifications aliow overvoltages to
occut on distribution lines to as much as
twice normal voltage. Undervoitage condi-
tions of large volt-time magnitudes (in
some cases zero voltage) are also allowable.
The eleclronic power supply is the link
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which must accept the distribution line
power, condition the volitage so that it is
steady and transient-free, and deliver reli-
able power to the electronic ioad. It is
precisely in this critical area — between
the power source and electronic systems
such as computers, processors, range and
fire control instrumentation, and surveil-
lance electronics — that reliability has
been low.

PROGRAM OBJECTIVE

The program objective is to upgrade the
reliability of Navy electronic systems by
improving materials and processes used in
the fabrication of current hybrid inte-
grated circuitry for power processing. A
major concern of power processing Is energy
storage, and combined inductive and capaci-
tive energy storage beyond the capacity of
monolithic integrated circuit material sys-
tems is a major goal.

Resuits of the program wili benefit vir-
tually every Navy electronic system, pro-
viding increased reliability, lower costs,
and simpler interfaces with batch-processed
integrated materials.

The main thrust of the program Is toward
reducing new concepts to practice. An even-
tual integrated material approach is fore-
seen.

PROGRESS IN THREE AREAS

The FY75 ettort saw progress in the im-
plementation of the NELC-developed univer-
sal-input power supply circuit in three
areas — dedicated packaging, standard elec-
tronic module application, and higher-
power design.

Dedicated Packaging

One task was to deveiop a reliable pack-
aging system for minimizing thermal weak-
ness within a miniaturized universal-input,
multiple-outlput electronic power supply.
The task included thermai profiling within
the circuit and the provision of low-loss
thermal paths to an external heat sink. A
thermal hot-spot temperature of 5 'C above
the package surtace temperature was desired.
The first-cut design yielded an actual
hot-spotl temperature of 15°C above sur-
face temperature, and redesign was necessary.
In the process of design analysis it was
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found that the electronic circuit could be
significantly improved with respect to elec-
trical stabllity. The electronic circuit

design changes were therefore incorporated

and phased in with the package design change.

The end item of this task is represented
by six packaged universal power supplies
with performance and fabrication documenta-
tion.
Standard Electronic Module Application

The second task was to incorporate the
universal-input circuit in a standard elec-
tronic module (SEM) configuration to increase
military availability and usage of the high-
reliability universal-input characteristic.

The SEM configuration was implemented in
cooperation with Naval Weapons Support
Center, Crane, indiana. Four fully repro-
ducible SEMs were approximately 90% com-
plete at the end of FY75. The circuit in-
cludes five separate output levels which

are load interchangeable with a summed out-
put of 6 watts. The standard output volt-

polarity.
Higher-Power Design

Under the third task, two 55-watt power
supplies were constructed to fit super
2A configuration standard electronic hard-
ware at NELC. The power supplies were con-
structed by means of a minimal modification
of commercially produced power supplies.
As modified, they have programmable semi-
universal output and increased output iso-
lation and overload protection. They pro-
vide a degree of adaptability often desirable
in standard modules for universal applica-
tion.

A 100-watt switching regulator circuit
was also designed, fabricated, and bread-
board tested.

Contact:

L. J. Johnson
NELC Code 4300
(714) 225-6859
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Statistical Logic

ZR021 03 (NELC 2106)

W. L. Carper

New and theoretical logic techniques were
investigated for applicability to Navy elec-
tronic system problems. A literature search
was performed to determine possible logic
candicates. Candidate logics were categor-
ized and the promising categories were ex-
plored in more depth. Tradeofts were made
to determine whether any categories might
be implemented to meet Navy needs.

Categories considered were majority logic,
stochastic logic, multivalued logic, thresh-
oid logic, fuzzy logic, linear networks,
and variable-valued logic. Of these cate-
gories the tollowing were considered in
greater depth: stochastic logic, fuzzy

logic, linear networks, and variable-
valued logic.

General conclusionz concerning these
logics are that the thaorles are well
developed and do have applications related
to Navy needs. However, hardware in general
is crude compared to what is availabie for
boolean operators via large-scale inte-
gration. Also, while exact applications
are not well defined, they are character-
istically complex and thus would require
a large investment in hardware, even to
show feasibility. Finally, designs using
the newer logics will require substantially
more academic rigor than is devoted to boo-
lean designs, and this would further increase
costs by increasing development time. it was
therefore concluded that these newer logics
are not attractive for near-term focusing
of Navy interest.

Contagt:

W. L. Carper
NELC Code 3500
(714) 225-6227
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Frequency Shaping for
Voice Communications

ZR021 03 (NELC 2108)

C. R. Allen

Linear flitering puts more of the avall-

abls power Into the speech frequencles

which carry the most Information. Two pro-
mising fillers are tested, and one of them
shows an advantage of 3 or 4 dB over systems
with no fiiter.

In many Navy tactical situations noise
impairs voice communica‘ion — either acous-
tic noise surrounding the listener or elec-
trical noise introduced on a wired or radio
link. Acoustic noise may drown out announcing
systems or intercoms on helicopter decks,
on carrier flight decks, and in engineering
spaces; electrical noise limits the range of
surtace-to-air links.

Various kinds of electronic modification
of the speech waveform can enhance intel-
ligibitity in noise. One of the simplest Is
linear filtering to shape the system fre-
quency response in a way that puts more of
the available power into the speech ftre-
quencies which carry the mos! information,
The chie! problem in designing a tilter is

that the optimum frequency response is not
known. The speech literature documents
several attempts to derive the optimum linear
filter from diiferent theoretical bases. One
promising fllter characteristic, due to J. D.
Griffiths of the Air Force Cambridge Research
Laboratory, was found analytically by maxi-
mizing the articulation index, a widely used
physical predictor of intelligibility in

noise. Another filter was derived empiri-

cally by I. B. Thomas at the University of
Massachusetts, based upon data on the rela-
tive Importance of different formants (vocal
tract resonances) in supplying cues for
consonant perception.

In this project the Griffiths and Thomas
filters were compared with each other and
with systems with no filter, with the peak
speech power held constant to simulate the
actual power constraint found in most com-
munication systems. Intelligibility tests
were conducted using noise of various in-
tensities and spectral shapes. Preliminary
results indicate that the Thomas filter shows
a small advantage of about 1 or 2 dB over
a conventional flat-response system. The
Griftiths filter appears {0 be somawhat
better, with an advantage of 3 or 4 dB over
no filter.

More complete tests will be analyzed and
presented in a journal article. The results
should be useful in the design of new systems
and the modification of existing ones.

Contact:

C. R. Allen
NELC Code 3400
(714) 225-7372
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Intercept and
Identification of
Spread-Spectrum Signals

ZR021 05 (NELC Z105)

R. A. Dillard and D. H. Marx

This project developed from an earlier
2-year investigation of the detectability of
spread-spectrum signals, sponsored by the
Naval Electronic Systems Command. During
that investigation (ref 1), which was con-
cerned with designing covert systems, the
need was seen to investigate techniques
for identifying spread-spectrum signals and
to coordinate the identification process
with the detection process. The primary
objective of the present project is to deve-
lop techniques for expioiting communication
and radar signals in order to locate and
track enemy forces. Although not a speci-
fied objective, a natural result will be
design criteria for developing Navy anti-
jam and low-probability-of-intercept sys-
tems resistant to signal intercept.

The FY75 effort has been directed at two
goals. The first is a theoretical develop-
ment of techniques for detecting and identi-
tying spread-spectrum signats and their in-
corporation into an ideal total system. The
second, scheduled for attainment in FY?77,
is development of an exparimental prototype
for testing system concepts under limitations
of cost, time, and slate of the art.

An initial concept formulation was made
of an ideal system which would empiloy time-
lag recording with the playback actlivated
by an alarm trom the detaction stage, for
signal analysis and pattern recognition.

The detection and recognition stages would
usd appropriate combmnations of data from
a variety of receiver types and measuréement
dovices. Feature-measuring methods con-
sidered for the ideal total system include
narrowband and wideband filter-bank dotec-
tion, compressive and conventional fre-
quency-scanning. chip-rate and hop-rate
deteclion. inslantanaous frequency measure-
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ment, and spectrum-folded cross correlation.
The accuracy and utility of possitle signal
parameter measurements attainab'e under
ideal circumstances were determined for sev-
eral receiver types and signal types. An ex-
amination was made of the applicability of
various signal classification techniques.

System techniques are formulated for de-
tecting and identlfying spread-spectrum com-
munication and radar signals in order to
locate and track enemy forces.

An experimental prototype system con-
cept was evolved and outlined in block dia-
gram form. A redesigning of existing receiv-
ing and data-processing equipment originally
built for other purposes has begun so that
an early analysis of various received signals
can be used in dstermining the best design
for the processor. Because of cost limita-
tions, few of the feature-measuring tech-
niques proposed for the ideal systerit can be
implemented in the experimental system. How-
ever, many of the decision and recognition
procedures can be tested with this simple
system.

Literature surveys were conducted to ob-
tain information on spread-spectrum signals
employed by possible adversaries, current
U.S. capability against them, and work else-
where related to this project These equip-
ment-related studies help 10 getermine speci-
fically the signal structures and receiver
types that attention should be given to in
the development o!f signal detection and re-
cognition decision techniques. Also, these
surveys are useful in establishing the teas-
ibility of the possible measurements and
providing indications ol actual measurement
accuracies.

REFERENCE

1 Diltard, R. A., “Detection of Covert
Signals.” NELC Technical Note 2722,
27 June 1974 (Part i1l ot Nava! Elec-
tronic Systems Command Covert Communi-
cations Notes {unnumbered, undated)
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sule tonometry, as developed here, a small s o

! : con"nuous B'OOd tubular bladder filled with air is placed on :

. Pressure Monitoring the skin over the radial artery in the wrist. :
The biadder is covered by a hard plastic §
shell and is heid in place by a partially

ZR0O41 01 (NELC 2107) inflated pediatric biood pressure measure- g

; ment cuff /fig 1). The cutf only partially §

‘ occludes blood flow to the hand. The pres- i

" F. R. Borkat sure in the bladder is sensed by a solid- 3

‘ state pressure transducer on the wrist, 2

: amplified, and presented for measurement ;

» The medical management of accident victims and display. A computer program sampies the
experiencing loss of blood and of patients transducer output, searches for systolic N
suffering from acute heart disease and shock and diastolic pressure values in each beat, '
would be considerably improved it there averages the values for four beats, and g
were a noninvasive method to measure blood prints the results. The computer program N
pressure. Biofeedback training to control operates in real time and the averaged re-
high blood pressure, an area that has shown sults are printed on line.
promise in research by others, would be The output of the transducer is calibrated :

; greatly eased by the availability of a good once during measurement by standard sphygmo- ‘;

i continuous monitoring technique. The appli- manometry techniques. :

‘ cation of high-blood-pressure control tech- Presently only systolic and diastolic pres- ’;
niques would be useful to the Navy wherever sura values are desired from the technique.
stress situations generally can lead to However, the output from the pressure capsule
hypertensive crises. This project was ini- tonometer resembles the arterial pressure
tiated to identity or to develop a technique waveform so closely that other pressure-re-
for meeting these requirements. lated information about the health of the

heart and circulatory system may be deter-

: ! tnined.

| O —— Blood pressure capsule tonometry with a

f single unit over the radial artery is sensi-

| The technique of pressure capsule tonometry tive to large motions, and there is some

: is developed. The output of the tonomster thermal drift. These problems can be mini-

closely resembies the arterlal pressure wave- mized with turther effort.

i form. A computer program used In laboratory During FY76 improvements will be sought
tests converts this output Into a printout in the problem areas and clinical testing

of average systolic and dlastolic pressure will be done.
- values in real time. Interest has been expressed by the Veterans
: Administration Frosthetics Center of New
S ——— York for a noninvasive pressure maonitor for
i telemetry from: geriatric patients. The inter-

During FY?75, a review was made of the est is based on the potential of this first

literature of blood pressure measurement year's work and the projected satisfactory
; technology in search of an appropriate tech- conclusion of the clinical trials.
nique. Commarcial sources tor blood pressure
i measurement equipment were also examined. No PUBLICATION

technique was found entirely adequate, but Borkat, F. R, Kataoka. R. W.. and Silva. J.. :
concepts from two methodoiogies appeared to “Continuous Blood Pressure Monitoring,™
be of value if they could be combined, and NELC Technicai Note 3023. 30 July 1975 §
from these the technique of pressure capsule 3
tonometry was developed. Contact:

A prototype measurement device was bullt Dr. J. Silva or Dr. F. R. Borkat
and preliminary tests using @& computer anal- NELC Code 3400 i
ysis scheme were performed. In pressure cap- {714 925-6471/6542
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CUFF

INFLATION BULB

- PEDIATRIC
SPHYGMOMANOMETER

PRESSURE TRANSDUCER

PRESSURE CAPSULE HELD TO WRIST BY
PEDIATRIC CUFF

Fiqure 1. Pressure capsule held to wrist by pediatric cult.
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U.S. Marine Corps
Battlefleld
Surveillance Radar
Modulation and
Coding Study

2ZF61-112 (NELC Z2280)

L. H. Bossert

The need to determine the feasibility
of the application to lightweight doppler
radars of new techniques in microelectronics,
filter, and filter control was recognized
during Battietield Surveillance Radar con-
cept formulation. Surface acoustic wave
technology—by means ot which compact,
hghtweight devices analogous to the bulky
multitapped delay line could be constructed,
sutable for use as matchead hiters tor
complex coding—was considered especially
attractive

Heretolore apphcable only to complex
radar systems too large and complex for
portabie use. diqial phase coding puise
comprassion techmgues wero investgated
10 delurming theoretical apphcabilty to
yltraiight (less than 20 pounds). battery-
powerad {less than 28 Vdc) doppler moving.
target-indicator ragar Systems in addi.
ton optinuzahon of madylation. coding.
sqnat format. and hitering torms selected
wds studiad The major thryst was diracted
toward masimizing signal procassing gain
(maxiaing operahing cange for a given
power Qulpul. O Mimimizing noise 107 a

gean tangel Alse. ophrmum wave form. coding.

and moduighon techiugues wora soupht lo
maeim:ze cadar etticiancy in gach »f the
prmdry medes of pperation - acqutsiion
ang Magang

Althgugh ey are appitcatue o ary
gopeier fadar the abyectve ol the B0l
prase T e Afudy was {o fadee the sig
aa: forruy and codeg Lot deag . andd
(O ICENANT A0 powR coqugitemeris 10 oane
aperd o denpie: agar the AN PG

he i S Marne Cotns sponsored effng
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to develop a 10-pound MTI radar, ongoing
at NELC, offered an excelient test vehicle.

Size and weight economies achlevable

through surface acoustic wave technology
make it possible to usre coding techniques
in lightweight doppler radars which con- §
siderably improve performance. :

The optimum system defined by this
study consists of a binary phase coded
modulation waveform and all-range acquisi-
tion capability via a discrete variable-
range acquire ‘mode capable of step scanning
through alt ranges of interest.

The range sidelobe ambiguity probiem
that exists with ali puise compression type
wavetorms has been eliminated by the use of
cumplementary codes—an elegantly simple
solution.

The transition from acquisition to
tracking mode operation is obtained vy a
loganthmic reduction scheme that requires
lag: N steps. where N s the ratio of track
to acquisiion bandwiath

Thae net signat to clulter improvement
15 conservativery predicied to be 20 8.
compared o curraally deployed systoms

The continuag etfart wil gddross
fabrication and testing of 3 signal proces-
sar as descnbed above

PUBLICATION

USM( intelhgence Program Sotveil.
lance Radar Madulation and Ceding Study”
wag watten in FYTS by L H Bossert and
will be published as an NELC technical aote
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Optical Covert
Communications Using
Laser Transceivers
(OCCULT)

ZF61-212 (NELC 2275)

G. C. Mooradlan

_ < ot

Design and manufacturing problems oc-
casion delay, but solutions are found. Sea
tests originally scheduled for FY75 are
rescheduled to optimize the probablilty

of success. OCCULT project acquires new
resources from being pursued cooperatively
with an OPSATCOM program started at
NELC in FY?5 In conjunction with NRL.

The OCCULT project, which was started
in 1971, was conceived to meet the Navy's
nezd for a covert iow-probability-of-
intercept, antijam, wideband communication
system for service ship-to-ship and ship-
to-shore. An at-sea test was plarined for
FY75. The test was postponed for three
reasons:

1. The pointing and tracking subsystem,
utilizing a single mirror to remove both
fine and coarse pointing errors, proved too
slow to provide a high probability of suc-
cess.

2. Certain design and fabrication errors
werce present in the OCCULT opto-mechanical
packages as received from the manufacturer.
This resuited in the destruction of both
optical detectors and extremely time-con-
suming diagnostics to determine and quantify
the problems — many of which had never
been observed betore and were therefore
extrernely difficult to detect.

3. The initial test plan involved USS
KITTY HAWK in transit to the Hawaii area,
with a pussibility that the ecuipment
would remain on board and operaie during a

Fleet exercise. The OCCULT equipment as
designed (an exploratory development proj-
ect) was never expected to operate in an
unsupported shipboard snvironment for so
iong a period of time — extending in this
case perhaps to 30 days. Spare parts were
minimal, and installation of spare parts

and optical alignment on board ship would
have proved difficult. For these reasons,

it was concluded that the probability of
successful operation was less than optimum.

During FY75 work on a large Optical
Satellite Communication (OPSATCOM) pro-
gram was started at NELC in conjunction with
the Naval Research Laboratory. To minimize
duplication and make use of the expertise
already developed on OCCULT, the two pro-
grams are being pursued cooperatively.

This will optimize the probability of a
successful sea test.

FY75 progress and current sea-test plans
can be summarized as follows:

1. Coarse and fine pointing and track-
ing functions are being separated, and fine-
angle tracking rates have been demonstrated
beyond 200 Hz {(approximately 10 times the
projected requirement). Integration and
testing plans for coarse and fine pointing
and tracking have been developed.

2. The opto-mechanical packages were re-
turned to the manutacturer for correction
of design and fabrication errors and for
inclusion of Stark Celi frequency stabil-
izers -- a modification funded by the
OPSATCOM program to increase laser fre-
quency stability. New detectors in vacuum
Dewars were obtained. The revised optical
system has been integrated with the NELC
processing electronics and the entire sys-
tem is operating. Duplex video transmission
with fine tracking over a land link has
been demonstrated.

3. Fabrication and testing are com-
plete on QCCULT elecironics developed at
NELC to provide frequency stabilization,
multiplexing/demulliplexing of radar and
audio signals, interfaces to radars, ascur-
ate station keeping (distance between ships,
relative bearing), recewver signal process-
ing, elc.

4. To benefit from tha comprehensive
testing phase, the expenence gained trom
operation of the equipment during the
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OPSATCOM propagation tests, and the val-
uable propagation data obtained from the
iatter, the OCCULT sea tests will occur
after the OPSATCOM propagation testing,
which will continue through October 1975.

5. Ship services for sea tests are ex-
pected to be available during the third or
fourth quarter of FY76.

Cortact:

Dr. G. C. Mooradian
NELC Code 2500
(714) 225-7975
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Real-Time Mask for
Electro-Optical
Processor

ZF61-212 (NELC 2274)

R. P. Bocker, M. A. Monahan,
and K. Bromley

Within the past 3 years the feasibility
of using light-emitting diodes, photograph-
ic film transparencies, scanning mirrors,
and vidicon detectors for performing such
mathematical operations as convolution, cor-
relation (ref 1, 2), and matrix-vector mul-
tiplication (ret 3) has been demonstra-
ted. More recently, solid-state charge trans-
ter devices have been employed tor detec-
tion (ref 4, 5).

The power of optical information pro-
cessing and computing is due to the fact
that optical systems, by their very nature,
are capable of processing information in
parailel at very high rates with relatively
few components. The mast recent exploratory
development model of an electra-optical pro-
cessor (fig 1) exploits somsa of this poten-
tial in pertorming a variety of higher-
order linear mathematical transform opera-
tions. The mathematical transform kernel
information is encoded on photographic tilm,
however, a nonrecyclable medium. For the
processing capability of the processor to
be changed, the ftiim must be changed. Tha
processor is thus programmabla. but only
mechanically.

The objective of this project is to
incorporale into this area-array charge-
coupted-device processor under development
at NELC an electro-optical mask which is
programmable in real time. The target date
18 mud FY76.

The FYT75 elfort was mainly concerned
with a search for the most promising recy-
clable matenals and methods with which {0
update information on the mask.

Optical materials research is currently
in a period of intense activity and rapid
progress. Much work is being directed at

the development of active materials and
devices that could be utilized in optical
computers, coherent optical processors, and
display devices. Many new optical materials
have demonstrated their potential as re-
usable recording media, but not without
exhibiting limitations as well. This is

attested to by the proliferation of arti-

cles appearing in print which address the
need for active recording media.

FY75 investigation points to the elec-

trode matrix addressed liquid crystal as

the top candidate for a real-time program-
mable EO mask for the area-array CCD
optical processor being developed at NELC.

A comparative evaluation of active
recording media was conducted by NELC in
FY75, involving a literature survey, per-
sonal contact with experts in industry and
the acedemic community, and on-site review
of work being performed in industry. Oper-
ating parameters of the active materials
considered promising were determined, and
the modes of addressing these materials for
recording and erasing information were in-
vestigated.

it was determined that the most desir-
able mode for addressing an active optical
medium, from the standpoint of compactness
in system size and weight, would be the elec-
trode matrix approach. The active optical
medium currantly best deveioped for this
type of addressing is the liquid crystai.

For example, flal-panel electrode matrix
addressed liquid crystal devices have been
developed (100 - 100) which typically can
be recycled at 30 frames per second. There-
fora, al the close ot FY75, the electrode
matrix addressed liquid crystal ranks as

the top choice among reat-lime mask candi-
dales ‘or the area-array CCD optical proces-
sor being developed at NELC.

A mask will be procured in FY76 and
incorporated in the processor.

Thus project parallels and complements
a Naval Electrom¢ Systems Command proy-
ect (XF21-222-025) under which electro-
optical signal processing technicues and
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Figure 1. Most current implementation of the programmable electro-oplical
processor. The electrical input signal modulates the radiance of
a /igh!-emirtlng diode (1) as a function of time. The condensing

lens (2} maximizeg the light throughput in the System by imaging

the light source into the entrance pupil of the imaging lons (4).
Oirectly behing the condensing fens is placed a photographic
rransparency (3) in which is encoded the desired transtorm kerne.
An image of the optical transparency is formed at the face of an
area-array CCO (35) by the imaging lens. The CCO integrates the

inrensﬂy-moduiated image of the lransperoncy. yielding the desireq
transtorm,




devicos are being developed and applied to
communications signal processing.
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Small Ship Command
Control System (SSCCS)

ZF61-212 (NELC 2270)

D. G. Mudd

A computer architecture Is defined for the
DDG/TDS baseline system. A distributed
processor testbed is designed and software
developed for its use In a typical command
control system application.

The Small Ship Command Control Sys-
tem project was established with the over-
all objective of applying advanced electron-
ics technology to the various subsystems of
a shipboard command control system with
speclal emphasis on the growing fieet of
smaller Navy ships including, for example,
hydrofoils and surface effect ships. impli-
cit in this objective is the definition
of low-cost alternatives to present system
designs which have proved too costly for
widespread implementation on even larger
surface combatants. Analysis ot various
subsystems and avallable technologies indi-
cated that the emerging large-scale-inte-
gration microprocessor and microprocessor-
based computer networks provided such an
alternative to present designs with poten-
tial payofts including cost reductions for
both system hardware and software. A com-
puter architecture was accordingiy defined
to meet the processing requirements of the
DDG/TDS (Guided Missile Destroyer/Tac-
tical Data System) baseline system. The
architacture essentially provided for a
natwork of microprocessors each dedicated
to a urique processing function and each
communicating via an intercomputer data bus.
This “distributed processor” architecture
allows relatively low-capabhility individuat
microprocessors to be modularly configured
to meet the overall requirements of the
baseline command control system.

The principal accomplishments of this proj-
ect during FY75 consisted of the design of
a distributed processor testbed to allow
technical evaluation of the architecture
for command control applications. The func-
tional and detailed design for the experi-
mental system was completed and the hardware
was in fabrication at the end of FY75 and
scheduled for delivery in October 1975.
The experimental system is built around a
commercial processor operating with bus
interface hardware to provide interproces-
sor communications. The bus interface has
been designed to perform many of the typi-
cal executive software functions in an ef-
fort to reduce software costs. The experi-
mental system will initially include two
processors with bus interface electronics
which will be utilized for testing of the
data bus.

Progress has also been made on the
utilization of the testbed in a typical
command control system application. During
FY75 application software was developed for
performing selected AN/UYA-4 display,
tracking, and data base management functions
utilizing the distributed processor concept.
Hardware to interface the display processor
and the AN/UYA-4 display group was aiso
designed and fabricated during FY75.

The SSCCS |ED project was augmented
with $100k from Naval Sea Systems Command
(SEA 034) during FY75. Continued funding
at this level is planned for FY76.

PUBLICATION

Bayless, T. M., “A Distributed Processing
Concept for Small Ship Command Control:
Expected Payofls and Risks,” NELC
Technical Note 2776, 26 August 1974
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Tactical Data Network

ZF61-212 (NELC 2277)

R. E. Kelly

During FY75 a working group of tech-
nical personnel from eight NELC divisions
performed a tradeoff analysis on methods
of improving tactical data network communi-
cations in the Navy. Priority was placed on
attaining a low-cost communication network
that could provide faster response times
with jamming resistance and low probability
of intercept. Consideration was given to
advantages and disadvantages of the various
communication frequencies from hf through
optics. Existing data links and recommend-
ations contained in the Naval Telecommuni-
cation System Architecture reports were
reviewed.

Development has begun on a flexible micro-
processor-controlled programmable data ter-
minal set which will make possible the In-
troduction of new techniques in future

deta networks as well as compatible improve-
ments to the present Link 11 network.

The following alternative approaches
were selected tor more detailed investiga-
tion: (1) an h! antijam, anti-intercept
(AJ/Al) system, (2) netting techniques,

{3) algorithms for a programmable data ter-
minal set, and (4) an m-ary, frequency-
shift-keying. trequency-hopping ht AJ
modem.

In February 1975 it was decided that
development of a fiexible microprocessor-
controlied programmable data terminal set
(POTS) would result in both a near-time
payoft in improved cost and pertformance
and a fliexible approach tor long-term cost-
eliective improvement in tactical data net-
wOorks.

Initially, the PDTS will be a Link 11
compatible plug-to-plug replacement for the

CALIITEE

AN/USQ-59 data terminal set. (Link 11 is
a major Navy Tactical Data System ht
digital data link used for the inter-hange
of tactical data between ships on what is
optimally a near-real-time basis.) Because
of its programmability and moc::arity, the
PDTS would allow for a method to change
net control, coding, and modulation tech-
niques for future data networks and ai!so
allow testing of compatible irrprovements
to the present Link 11 network. Cost, sizs,
weight, and power consumption would be sig-
nificantly reduced versus »oth the present
AN/USQ-59 and a planned AN/UYK-20
computer implementation of the DTS.

An approach has been selectad to use i
a sot of Standard Electronic Module cards
including the intel #080 Microorocessor,
random-access memory, and reprogrammabie
read-only memory to control Fourler trans- §
form logic used to convert time samples :
to the frequency domain. Approximately
80% of the required material has been or-
dered and design of additional required
card types end system: modeling has begun.
System harg--are for one demonstration model
is scheduled for completion by April 1976,
and software/firmware is scheduled for com-
pietioi in June 1976¢. Compatibility test-
ing with other Link 11 equipment will be
comnietad in September 1976.

A related effort funded by Naval
Electronic Systemns Command in March 1975
ls the implementation by NELC of a PDTS
using the AN/UYK-20 computer. NAVELEX
funding is exnected to continue through
FY76 tor this related effort.

PUBLICATIONS

Pasahow, E. J., and Nuvse, C.. "Program-
mabie Data Terminal Set Link 11 Algo-
rithms,” NELC Technical Note 2945,

9 May 1975 (Partially sponsored by
NAVELEX under NELC B193, Pro-
grammable MF Modem Suited tor Link
11 Communications)

“A Frequency Hopping AJ Modem" was writ-
ten in FY75 by J. W. MacAles, and “Low
Cost NTDS RF Equipment Survey” by
E. R. Crippa. Both will be published
as NELC technical notes.
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Telecommunications
Equipment Low-Cost
Acquisition Method
(TELCAM)

Z2F61-512 (NELC Z269)

L. J. Kinkel and J. H. Townsend

Progress is registerec on a number of
fronts In the effort to lower the cost of
military electronics by using commerclal
devices wherever practicable.

Five sperific tasks were carried
out in FY75 under the TELCAM project.

1. TELCAM II, EVALUATION
OF COMMERCIAL INTEGRATED
CIRCUIT (IC) DEVICES

A research team from the NELC Micro-
electrcnis Division visited manufacturers,
testing taboratories, and users of micro-
electronics to determine the feasibility
of using commercial microcircuits in mili-
tary eiectronics. An NELC technical report,
TR 1957 (see PUBLICATIONS), is pres-
ently in final editing and will be gdistrib-
uted in September 1975. The overall conclu-
sion of TR 1957 is that military electronics
of nonvital and semivital classifications
can utilize commerciat ICs it the manutac-
turers’ high-reliability lines (such as
JAN-TX) are used or if testing laboratory
screening is employed. A validation effort
s planned in FY76 (see task 4.).

2. REVISION OF NELC'S
“SUGGESTIONS FOR
DESIGNERS OF NAVY
ELECTRONIC EQUIPMENT"

Over the past 14 vears NELC has pub-
lished an engineering guide for Fleat elec-
tronic desipners. The guide provides a list

of important facts dealing with platform
physical and environmental constraints,
Fleet personnel considerations, and logis-
tics support limitations which, if not
considered in early design planning, will
iead to operational reliability or support
problems. The guide, published as NELC
Technical Document 390, became available
in August 1975.

3. EVALUATION AND
FEASIBILITY TESTING OF
THERMAL COOLING
TECHNIQUES FOR SOLID-
STATE CIRCUITS MOUNTED
ON PRINTED CIRCUIT
BOARDS

Increased density of solid-state
devices on printed circuit boards has re-
sulted in higher thermal temperatures
which reduce circuit reliability. Although
many techniques are available for heat trans-
fer analysis, none are specifically directed
to PC boards. A computer program for thermal
analysis of PC boards was specifically de-
signed. This work was carried cut by in-
structors and students at the Naval Post-
graduate School, Monterey, Califoinia. The
program capabhilities include variation in:
card sizg, card material, and thickness;
number of devices on the board; device loca-
tion; device power dissipation; and physical
parameters governing all modes of heat trans-
fer. The program was tested under actual
circuit conditions and was found to be ac-
curate within 13% (worst case) in predict-
ing individual device temperatures. A re-
port titled “"A Method to Predict the Ther-
mal Performance of Printed Circuit Board
Mounted Solid State Devices™” is being pub-
lished by the Naval Postgraduate School
{NPS-59KK-7507 tA). It tunds ary provided in
FY76, this task will be expanded

4. INITIATION OF A

FLEET VALIDATION
PROGRAM FOR THE TELCAM
CONCEPT

Ouring FY74 and FY75 the TELCAM con-
cep! of applying commercial off-the-shell
alectronic equipment was devaloped by convi-
ronmentally tasting a few comunercial equip-
ments 10 enviconmenial imits found in ship-
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board electronics spaces. To validate the
concept that commercial electronics are an
alternative to militarized development,

NELC has instituted a program with Com-
mander Naval Surface Force Pacific
(COMNAVSURFPAC) in selecting commer-
cial equipment with attendant logistics
support methodology tallored to ship require-
ments and constraints. Students from the
Naval Postgraduate School assisted NELC in
research of failure-free warranties and
logistics strategies that could be employed

in advanced procurement planning (see PUB-
LICATIONS). During FY76 this equipment

and support methodology will be tested
aboard COMNAVSURFPAC ships. Interim
results will be published in a report at

the end of FY76. This work is expected to
move into advanced development in FY77.

5. START OF WRITING OF
A TELCAM PROJECT
MANAGER'S GUIDE

Drafting of a Project Mansager’s
Guide was begun in FY75 to provide an over-
view document for managers on all important
aspects of planning, taking into consider-
ation alternative choices and the impact of
these choices as development proceeds. Work
on the Guide will continue in FY76 and the
Guide will be available during the third
quarter.
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U.S. Marine Corps
Tactical Communications
Automatically Tuned vhf
In-Line Fliter

ZF61-512 (NELC Z278)

J. E. Kershaw

Fliter provides 3% channel separation at
the desired 40-dB rejection points for Mar-
ine Corps applications in which several vht
transceivers are used in close proximity.

This automatically tuned in-line filter
is intended for the LVTC 7 Command Amphib-
ious Tractor or any other Marine Corps ap-
plication in which several vhf {30 to 76
MHz) transceivers are used in close proxi-
mity. The filter provides 3% channel separ-
ation at the desired 40-dB rejection points.
1t protects the receiver from overload by
nearby transmitters and reduces transmitter
to transmitter generated intermodulation
distortion. Automatic tuning, upon the appli-
cation of an in-band radio frequency, meets
the operational requireament for fast fre-
guency shifting.

The device is an equal-element, threg-
section, minimum-loss tilter using high-Q
capacitors integrated into a helical reson-
ator. Input and output compensation net-
works provide uniform termination imped-
ances across the band A digital controller

using an eight-bit microprocessor, random-
access and read-only memories, and high-
speed motor controllers is used to perform
the automatic-tune function. The automatic-
tune algorithm is identical to the manual-
tune algorithm and consists of about 1000
words stored in read-only memory.

To date, the rf filter design, fabri-
cation, and testing in the manual mode have
been completed as scheduled. The digital
controller has been designed, fabricated,
and Integrated with the rf fiiter. Initial
testing reveals that automatic tuning is
not possible with certain rf sources,
and work is continuing to sliminate this
restriction. Limited field testing with a
manually tuned version of the in-line fil-
ter has demonstrated a significant improve-
ment in performance.

A field evaluation of the completed
unit is proposed for accomplishment under
a separate program, and a detailed report
will be written upon completion of that
effort.

PUBLICATION

“Marine Corps Tactical Communications
in-line Fiiter” was written in FY75
by J. E. Kershaw and will be pub-
lished as an NELC technical note.
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U.S. Marine Corps
Message Entry Davice

ZF61-512 (NELC Z281)

R. E. Kelly

The purpose of this project was to deter-
mine a suitable heating technique for ex-
tending the temperature operating range
of liquid crystal display devices. Two types
of liquid crystal dispiay devices were being
developed on a Naval Elsctronic Systems
Command sponscred project for use in a
teasibility model of a hand-held message
entry device for Marine Corps forward obser-
vers in the fiseid. One was an electronic
shutter matrix panel on which selected
areas of dynamic scattering liquid crystal
material would be made either transparent
or opaque for printed material beneath the
panel to he either visible ot biocked
trom view. The other was a display using
twisted nematic liquid crystal material to
form 12 five-by-seven dot matrix alphanu-
meric characters.

The response time of liquid crystal ma-
lerial, whether dynamic scattering or tieid
effect material, varies strongly with tem-
perature; for example, trom rise time of
0.1 second at 0 'C to rise time of several
seconds at -10 C. Aithough some improvement
in response time can be altained by adjust-
ing cell thickness. raling voitage. operat-
ing trequency, and doping level of the liq-
uid crystal material, it is a tundamental
property thal the response time increases
with a drop in temparature because of in-
creasing viscosity and some torm of heat.
ing wil be required at lower temperatures.

The shutter malrix panel was 100
large for the eftective utilization of body
heal, so it was decided to apply heat di-
tectly to the panel, as the most efficient
method of heating. Highly efficient heat-
ing was dosired. since the unil was to be
hand-held and battery operated (the liquid
crystal panel without heal requires only
approximately 0.02 watl of power). It was

also important that a heating technique be
selected which would not significantly de-
grade panel transparency.

Laboratory tests show that 5W depcsited,
transparent heater keeps liquid crystal dis-
play for Marine Corps message entry device
operational at -40° C.

Laboratory tests were conducted in a
cold-tamperature chamber at NELC on a full-
size mounted pane! mock-up to determine
approximate power and heating time required.
Response time of the liquid crystal mater-
ial was considered satistactory at a panel
temperature of 0°C, marginal at -5°C, and
unacceptable at -20°C. Heating would there-
fore be required whenever the temperature
fell below 0°C in order for the panel to
be instantaneously operational for tacti-
cal message entry.

The manufacturer of the shutter matrix
liquid crystal panel then deposited a “trans-
parent” heater of indium tin oxide on the
bottom surface of the glass enclosing the
liquid crystal. For the particular geometry
of the panel, the heater impedance was 40
ohms, yielding 5 wa'ts of power for a 14-
volt battery. Decrease in light trans-
missivity due to this deposited heater was
only 15%. To maintain the panel at 0“C
would require a constant power of 5 watts
at an outside ambient temperature of -40°C,
or 2 walls at an cutside ambien! tempaerature
ot .20 'C. The 5W transparent heater is
theretore considered to be a satisfactory
technique for extending the operating range
ol this liquid crystal display device 0
-40 'C ambient tempaerature.

Another lechnique worthy of considera-
tion wouid be to use two liquid crystal
materials, separated by glass, with ditfer-
en! operaling ranges. One would operate
over a range of. say. 0 'C to 70°C and the
olher over a range of. say, -25°C to -5°C
This technique could be used to increase the
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temperature operating range without the use
of heat, but heat would still be required
below -25°C.
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Microprocessor
Technology

ZF61-512 (NELC Z283)

R. Martinez

The expanding technology in large-scale
and medium-scale integration has resulted
in the availabitity of microprocessor chips
at low cost for inclusion in electronic logic
circuitry. Rapid improvements in metal-oxide-
semiconductor and bipofar semiconductor LS
technology have enabled industry to produce
these devices with good yields. Currently,
20 microprocessor or microcomputer device
sets are available, and a dozen more are
in the development stage.

This project was established to define

and dellneate the use of microprocessors as
components in Navy systems, and to identify
a common electrical interface which wiil
aliow them to replace hard-wired logic func-
tions In such areas as declision and control,
data acquisltion, and data communications.
The project has been directed toward quan-
tifying the uses of microprocessors In Navy
systems by determining requirements that
currently exist.

The microcomputer is a set of LS| and
MSI components including a microprocessor
central processing unit, read-only and ran-
dom access memeries, and input/output con-
troi circuitry. It is designed to implement
small-scale programmed functions stored as
firmware in ROMs or RAMs. it combines
elements of computer flexibility and hard-
wired logic dedication. It can perform
rmany functions in Navy electronic systems
whera compact elecironic circuitry is de-
sired — in weapon, antenna, and data sys-
teme. for example ]

This project was established to define
and deiineate the use ¢f microproces-

sors as components in Navy systems, and to
identify a common electrical interface which
will allow them to replace hard-wired logic
functions in such areas as decision and con-
trol, data acquisition, and data communica-
tions. The project has been directed toward
quantifying the uses of microprocessors in
Navy systems by determining requirements
that currently exist. Progress has been

made in the identification of classes of
systems, such as message processing, signal
processing, and data bus multipiexing. Pre-
liminary surveys of the characteristics of
available microprocessors that will meet
specific system requirements are being com-
pleted. Work on developing a standard meth-
odology for support software and hardware
has been initiated. Benchmarks for compari-
son of these devices have been identified
and are being analyzed for a common figure-
of-mer.! definition.

Fotlow-on work funded by Naval Elec-
tronic Systems Command will allow the Navy
to determine uses of microprocessors across
classes of requirements for system develop-
ments and give a rational basis for speci-
fication of their characteristics for speci-
fic tasks.

Contact:

Dr. R. Martinez
NELC Code 4300
(714) 225-6859
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Real-Time
Multidimensional Fourier
Transform System

ZF61-212 (NELC Z2282)

K. Bromley (NELC) and
J. M. Spelser (Naval
Undersea Center)

The use of large arrays of passive sonar
detectors requires the processing of a vast
volume of data. Specifically, the sonar
array data must be Fourier transtormed in
both the space and time dimensions to pro-
vide the directionality and temporal power
spectrum information required for detection,
localization, and classification. This is
called space-time (. k) processing. Reali-
zation of the full benetits of .- k Founer
transform processing for passive sonar re-
quires the implementation of a two-dimen-
sional Fourier transform device with high
capacity. high throughput rate, and reai-
time input and output. To pertorm the re-
quired transtorms in real time without this
prior input processing would exceed the
capauility of all but the largest elec-
tronic digital computers.

NELC and the Naval Undersea Center have
been jointly pursuing an 1IED program to
demonstrate the feasibility of a Real-Time
Muitidimensional Fourier Transtorm System
analog transversal tiller technology. A
two.dimensional Fourier transtorm may be
implemented 83 a horizontal (or row-by-row)
Fourier transtorm followed by a high-speed
vertical (or column-by-column) Fouriar
transtorm. Such an appecach is block dia-
grammed in figure 1.

Either a mullichanne! optical correlator
or a bank of identical transversal filler
charge-coupled devices (CCDs) may be used
to pertorm the horizonta! discrele Foutier
transtorm using the Chirp-Z transform (CZT)
aigorithm. An oplical correlator contigura.
tion requires only a single area-array CCD
rather than many transversai filter CCDs,
but it also requires cylindrical oplics and
an array of light-emitting dicdes (LEOs).

54

Experiments with a moditied slectro-optical
signal processor developed at NELC verlfy
the feasibility of a high-speed, two-dimen-
sional Fourler transform device with real-

time input and outout that would reduce
equipment requirements and provide real-time
capabllity in Navy sonar and acoustic imag-
ing applications.

In order to avoid the need for a butter
memory, it is desirable that the vertical
transform be capable of accepting its input
data in parallel (a column at a time).

Since a complete vertical transform must

be completed in the time for a single hori-
zontal data shift, 2 good speed match is pro-
vided by using CCDs in the horizontal trans-
form and a surface acoustic wave (SAW)
device in the vertical transform.

For its role in this joint project, NELC
has examined the use of incoherent optical
correlators and CCD transversal filtars as
the implementation of the horizontal trans-
form of figure 1. NUC has examired transform
architectures, types of complex arithmetic,
and SAW technology for nerforming the re-
quired high-speed vertical transtorm.

PARALLEL HORIZONTAL
TRANSFORMS (NELC)

A proposed electro-optical system tor
pertorming the horizontal CZT is shown
schematically in tigure 2. Each of the par-
allel analog inputs is first multiplied by
a chirp wavetorm generated by a conventional
digital read-only memory and a D/A converter.
The resultant signals then intensity-mody-
late a linear array of LEUs. An oplical sys-
tem employing both spherical and cylindrical
lenses then images the light trom the LEDs
through an optical transparency, contain-
ing a second chitp wavelorm, and onto an
area-asrray CCD where myllichannel convoiu-
tions are performed. The CCO cutput is then
multiplied by the same chitp waveform used
in the premultiplication, and the paraliel
horizontal CZT operation is compiete.

There is a major tradeot! to consider in
the ssiection of the CCD-to-SAW intertace.
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Figure 1. Two-dimensional Fourier transform
implemented as a multichannsl/
horizontal transform followed by
a high-speed vertical transform.
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Figure 2. Muitichannel elactro-optical CZT device.
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Figure 2 shows separate outputs from each
CCD row. These would feed a parallel-in,
serial-out SAW, and the 1-MHz throughput
rate of 100 channels of the CCD would com-
plement the potential 100-MHz rate ¢of the
SAW. However, this would require a custom
CCD chip with separate output leads for
each channei. On the other hand, using com-
mercial CCDs, all of which have an on-

chip parallel-to-serial converter, and a
seriai-in, serial-out SAW would eliminate

the rather unwieldy separate output leads
but would limit the system throughput

rate to that of the on-chip parallei-to-

serial converter, approximately 1 MHz.
Consequently, the architecture selected
must depend on th2 application require-
ments.

An experimental verification of the
feasibility of this approach was conducted
by modifying the electro-optical signal
processor deveicped at NELC for matrix-

-vectur multiplication operations in commun-
ications applications. Only a single chan-

nel (ie, one-dimensional CZT aperation)

was demonstrated. With a single LED source
and the 50 ~ 100 CCD array i this device,
the Tiemann method of complex convolution
was selected and a 16-point CZT was per-
formed.

HIGH-SPEED VERTICAL
TRANSFORM (NUC)

In order to perform the vertical trans-
form at high speeds, a paraliel-
inaut form of the C2T was developed. A pro-
grammable diode-convolver was used to test
the parallel-input CZT, performing the mui-
tiplication of the data via a pair of pro-
pagating chirps and subsequaent summation as
shown in tigure 3. An experimental diode-
convolvor was moditied tor NUS to provide
separate bias inputs 10 the individual di-
odes, and was tested as a Fourier {rans-
torm device giving a 32-point discrete
Fourier transform in 1.2 microgseconds. How-
ever, since the ellective tap weight is a
nonlinear function of the dinde bias, a
nonlinear compensator will be required {or
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each tap to permit its use with input sig-~
nals having wide dynamic range.

SUMMARY

The feasibility of space-time process-
ing via hybrid electro-optical/surface-wave
technology has been established. The high-
speed computation of a two-dimensional
Fourier transtorm was accomplished experi-
mentally by performing an electro-optical
niultichannel horizontal chirp-z transform
followed by a single high-speed surface
wave vertical iransform.

An alternative approach to the electro-
optical horizontal transform portion has i
recently been developed. This new device is
a 500-point CCD transversal filter chip. !
For many applications the number of horizon- 3
tal transforms is sufficiently tow that using
a separate chip for each one is feasible;
consequently, the new approach for the hor-
izontal transform is considered to shcw some-
what more promise than the electro-optical
approach, which would require the Jeveiop-
ment of a new CCD chip. However, a surface
acoustic wave device is still recommended
for implementing the high-speed vertical
transtorm.
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Dillard, R. A., and Marx, D. H., “Intercept and Identification of Spread-Spectrum Signais,”
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Independent Research .

Dr. Henry F. Taylor recelved The American Soclety of Naval Engineers’ Solberg Award in May 1975
for his research contributions during 1972-1974. He was also selected to serve on the program
committee of the International Microwave Symposium, held in Palo Alto, May 1975, and the OSA/
IEEE Topical Meeting on Integrated Optics, to be held in Salt Lake City, January 1976.

Mr.Nell K. Wagner received the award for the Best Paper of the Failure Analysis Session of the
International Microelectronics Conference (NEPCON '75 West), February 1975,

Mr. H. H. Wieder served as Foreign Examiner of a doctoral thesis submitted by R. Malyniak to
the Electrical Engineering Department of the University of Western Australla on “The Interrela-
tion between Structure-Sensitive Properties and switching Behavior of Heterojunctions.” He also
was one of two U.S. representatives to the 3rd International Conierence on Thin Films, Budapest,

Hungary, and served on the Program Committee of the National Vacuum Metallurgy Conference, San
Francisco, California, January 1975.

Independent
Exploratory Development

Or. G. C. Mooradian was chairman of the Institute for Graphic Communications Conterence, “The
Future of Optical Communications,” |pswich, Massachusetts, August 1974.
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PATENTS ISSUED

H. F. Taylor

Optical Switch
An electro-optic waveguide device for switching light from one channel to another. An
optical switch comprises a substrate having a first refractive index and supporting electro-
optic material having a second higher refractive index and defining waveguides which diverge
into at least two spatially separated paths. A pair of electrodes is positioned proximate each
of the spatially separated paths and when a source of electrical energy is applied to a selected
pair of electrodes, an electric field is created across the associated spatially separated
path which substantially lowers its refractive index and thereby diverts or switches optical
energy from that path. This makes possible increased use of fiber optics in Navai communica-
tions and data transfer systems.

Patent 3,883.220 (Navy Case 55.084) Serial 423,624 Filed 10 December 1973 issued 13 May 1975

H. E. Rast and H. H. Caspers

Dye Laser Transmitter-Resonant Fluorescent Detector System for Underwater Optical

Communications
Dye laser transmitter-resonance fiucrescent detector system for underwater optical
communications. An optical carrier in the region of 4800A is generated. The detector com- ;
prises an evacuated enclosure having an inner chamber and an cuter chamber with means for :
evaporaling a resonance detector material such as sodium. The signal is incident at right angles
to the stream of molecules of the resonance detector material, and a photo detector or obser-
ver is mutually perpendicular to both signal and beam. Use of detector will improve covert
underwater communications.

Patent 3.891.559 (Navy Case 56.265) Serial 494,102 Filed 2 August 1974 Issued 24 June 1975

R. E. Potter

Dual! Mode CRT Screen
A dual phosphor screen consists of a8 mixture of a phosphor having a medium or long persis-
tence emitting in the ultraviolet and a shori persistent green phosphor. The system then pro-
vides for electronic switching from iong persistence mode to short persistence mode and will
make possible improved displays tor Naval command controt systems.

Patent 3.896.328 (Navy Case 56.482) Serial 473,987 Filsd 28 May 1974 issued 22 July 1975
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PATENT APPLICATIONS FILED

I. Lagnado and H. J. Whitehouse

Signal Processing Imager Array Using Charge Transfer Concepts
A charge-coupled device (CCD) for combining the properties of signal processing and image
measurement in a single charge transfer device to perform convolution and correlation. The
integration of dissimilar functional operations in a single device reduces hardware dupli-
cation, simplifies system implementation, reduces maintainability costs, and improves perfor-

mance and reliabllity (by the mere fact of reducing complexity). Reduces hardware duplication,
improving performance and reliability for optical sensors in Navy applications.

Navy Case 56,691 Serial 508,472 Filed 23 September 1974

H. E. Rast and H. H. Caspers

Dual-Mode Display Device
An SiO: insulating layer is overlaid on a conducting glass substrate. The layer has a portion
removed and this area is filled in with an electro-luminescent phosphor. The phosphor and SiOz
insulator are overlaid with a thin transparent electrode. A liquid crystal Is sandwiched between
the above assembly and a conducting glass electrode. Under high ambient light conditions high
contrast and visibility exist by means of the dynamic scattering from the liquid darkness. A
switch is activated to place the AC potential across the phosphor and produce an illuminated
background against which the liquid crystal alphanumeric character may be read in darkness or
low ambient light. This may be used in improved displays for Naval command control systems.

Navy Case 57.008 Serial 592.705 Filed 2 July 1975

David L. Saul
Improved Millimeter Waveguide to Microstrip Transition
An improved means of transferring guided electromagnetic signals from dominant mode rectanguiar
waveguide to microstrip transmission line at 'rsquencies extending into the millimeter wave
region. Wideband operation is a keynote feature, with high efficiency performance (as evidenced
by low VSWR and low insertion l0ss) over at least a 3:2 band of frequencies, i.e., over at least
a full standard waveguide frequency band. The initial development was done for the 26.5 to 40
GHz trequency band but the design can be scalad dimensionally to cover higher or lower bands.
Allows size and weight reduction tor aircraft and sybmarine applications.

Navy Case 57.530 Seciat 586,113 Filed 11 June 1978

David L. Saul

Miniaturized Millimeter Wave Frequency Discriminator
A discriminator, in some suitable form, is a key part of an Instantaneous frequency measuring
(IFM) receiver. A receiver of the IFM type has the ability to monitar continuously all frequen-
cles within a designated trequency band, a property very useful tor certain types of surveillance
operations. The IFM receiver's military and naval use has become widespread 2t microwave fre-
quencies up to 18 GH2. Allows major size reduction in discriminators used in fieet.

Navy Case 57.604 Setial 546,367 Filed 3 Febtuary 1975
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L. J. Johnson

Power Supply
An electronic power supply apparatus for use with a wide range of input voltages. A series
switch type regulator is caused to regulate at two voltages (65 and 8 volts). This is done by
sensing the regulated voltage and by means of gate circuits switching from one mode of regulat-
ing to the other without loss of efficiency.

A R A

Navy Case 56,508 Authorized for preparation of a patent application 17 January 1974

H. E. Rast and H. H. Caspers 4

Wide Aperture Optical Communications Detector .
Provides a narrowband detection of optical signals over d large field of view. Most narrow- Il
band detectors are confined to a smali aperture or field of view due to the necessity of using
filters which require normal incidence and, hence, narrow field of view. This invention depends
for its filtering action on an entirely different principle, thereby allowing large apertures.

Navy Case 56,110 Authorized for preparation of a patent application 21 April 1975

D. L. Lile and N. M. Davls 3

Optical Microprobe §
The response of a semiconductor to optical stimulation may be used to detect inhomogenaeities.
An apparatus is described for the generation of a smail spot of light which may be scanned in
a raster pattern over the surface of the specimen. A noncontacting means of electrically coup-
ling into the sample using an electroiyte is described.

R
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Navy Case 58.669 Authorized for preparation of a paten} application 20 May 1975

D. Rubin

Broadband Millimeter Wave Gunn Amplifier in Reduced Height Waveguide
A method is utilized for externally varying the gain and bandwidth of a millimeter wave Gunn
ampiifier. The Gunn diode is varied in position vertically hetween the broad walls of reduced
height waveguide. The introduction of the relatively large cylindrical heat sink ot the diode
creates a discontinuity which acts o counter the parasitic reactance of the diode in its mount.
The effect is a very pronounced broadening of the frequency range at which ampilification takes
place. Usetul for surveiltance receivers operating at millimeter wave frequencies.

o

Navy Case 53,774 Authorized for praparation of a palent application 16 June 1974

{. Lagnado and R. W. Means

Migh-Frequency Multiplier Using Charge Coupled Device Concept
A device for multiplying two signal voitages Vy and Vy utilizing CCD and MOSFET tech-
rologies. Vx and Vy are converted to first, second, and third charge packets O, Qy. and Q,
These three packets are sensed by the separate floating gates each of which controls the
drain-source current of a separate source-follower transistor. The potentials of the floating
gates vary in proportion to the number of charges passing under them, which variation is trans-
fated by the source followers into output vollage changes. Two difterential amplifiers combine
these voltage changes to give the product KVyVy. Simplities nardware Interface and mechanization
for signal processing svstems.

y.

RNavy Case 59.468 Autharized tor preparslion of 8 patenl application 29 July 1975
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H. F. Taylor

An Electro Optic Binary Adder
An array of electro-optic modulators with a suitable electrode structure for performing
fast parallel addition of binary numbers.
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Navy Case 59,524 Authorized for preparation of a patent application 16 July 1975
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INVENTION DISCLOSURES SUBMITTED

H. F. Taylor

Optical Waveguide Photoemissive Detector
A device for coupling an optical waveguide to a photoemissive film for sensitive, high-
speed detection of light signals.

NELC 2264 Disclosure submitted to NELC Patent Counsel 24 January 1975

H. F. Taylor
Optical Analog/Digital Converter

Array of thin-film optical modulators for rapidly converting analog signais to a digitai
b representation.

NELC 2267 Disclosure submitted to NELC Patent Counsel 13 February 1975
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K. Bromley

Multi-Channel Optical Correlator System
An electrc-optical device employing an LED, optical transparency, rotating mirror, and a
vidicon dstector can perform multi-channel simultaneous cross-correlations. It will be extremely
useful in sonar, radar, and communications applications.

Patent 3,816,735 (Navy Case 53,286) Serial 234,749 Filed 15 March 1972 Issued 11 June 1974

P. L. Writer and M. L. Schiff

Surface Wave Narrow Bandpass Filter
tn bandpass filter feedback loops, surface wave devices comprising aluminum fingers deposited
on a piezoelectric substrate and employed to provide transmission characteristics which invert

a transmission null into a bandpass. Bandpass filters are essential components of all communications
systems.

A ST AR SR

Patent 3,846,723 (Navy Case §5.701) Serial 372,560 Filed 22 June 1973 Issued 5 November 1974

H. K. Landskov

Polypole Broadband Antenna Array
An effective, simple, and inexpensive broadband antenna array for small ships and light
vehicles and comprising a plurality of like monopoles placed in either a triangle or quadrangle

configuration with a monopole at each apex. Useful for light vehicles and small ships due to small
size of array.

Fatont 3.852.766 (Navy Case 55.647) Serial 423,339 Filed 10 December 1973 issued 3 December 1974

Carlos Nuese

Biuck Code:’ Communication System

A noisy forward communication channel is employed to transfer data which have been symboii-
cally coded and aiso to transfer correction instructions; a noiseless feedback channel is used
to return each symbol as it is received to the sending station. The apparatus transfers binary
digital data without excessive redundancy, delay, or complexity by correcling transmisstun
errors by means of correction instructions as opposed to retransmitting the entire block of data.
Altords solution to vital problam of error control in communications.

R YA g g P

Patent 3.858.633 (Navy Case 54.655) Serial 425,520 Fiied 17 December 1973 tssued 25 Felbruary 1978

A. L. Lebduske

Methcd and Apparalus for Datecting Individua! Fiber Breakage in Mulli-Fiber Optic Cables

A method ot assessing the individual fiber breakage in a bundie of fiber glass fiders which
consists of illuminating both of the terminated ends of said bundle oi fiber glass fibers and
viewing by a microscope over the ends of said bundle with the broken fibers appearing as black
circular slements. Fiber oplics is having increased use in Naval communication and data
transter systems. Examples are in the A-7€ eircralt and unde:sea catiles.

R

Patant 2884 585 (Navy Case 56.533) Serial 445,406 Fued 25 Fedruary 1974 Issued 20 May 1975
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CLAIMS ALLOWED, PENDING ISSUE

D. N. Williams

Fiber Optic to Electronic Interface
A fiber optic-to-electronic interface circuit which will improve Naval data and information
transter systems.

Navy Case 55,085 Serial 449,814 Filed 11 March 1974

R. L. Lebduska

Fiber Optic Cable Connector
A fiber optic cable connector of identical halves which press-fit together, with the ter-
minals spring loaded to maintain the highly polished cable ends in close contact; a ferrule
being provided to maintain the cable ends in perfect alignment and to act as a reservoir for
the liquid inducing maierial that may be inserted between the cable ends to enhance optical
transmission. Fiber optics will have increasing use in Naval communications and data transfer
systems.

Navy Case 56,390 Serial 437,428 Filed 28 January 1974

L. B. Stotts

Improved Optical Coupler
A passive optical coupler employing the distinctive wavelength sensitivity and polarized dir-
ectional responsivity of different cholesteric liquid crystal materials to selectively coupte
out optically transmitted data and information from a common optical bus. It will enable
improved data and information transfer systems to be built.

Navy Case 56,703 Serial 465,962 Filed 1 May 1974

PATENT APPLICATIONS FILED

D. W. Doherty and E. J. Wells, Jr.

Universal Modularized Digital Controlier
A miniaturized digital controller for use in a servomechanism syslem controlled by a signal
from a computer or other digital data source. Useful lor antenna tracking, guntire
control systems, and any analog powerdrive driven by digital commandg.

Navy Case 55.880 Sectal 542,485 Figd 20 January 1975

A. Roth and G. M. Hoims

Closest Point of Approsch Calculator
A manually operative, programmed (dedicated) calculator that computes the Range. Bearing.
and Time of Closest Point of Approach ot any or ail of five selected target ships. and also
their course and spead. Can be used 0 avoid collision between ships.

Navy Case $6.072 Swial 33791 Fiked 2 Sanvpary 1975
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Richard Bocker, Keith Bromley, Mike Monahan, and Larry Stotts

Electro-Optical Spectrum Analyzer
An electro-optical device capable of performing a one-dimensional finite Fourier transform
on temporal signals in real time. In addition to the Fourier transform capability, the device
is also capabie of performing matrix multiplication of a one-dimensional column vector by a
two-dimensional matrix, yielding a one-dimensional coiumn vector. This will make possible
computation of large numbers of signals in real time.

Navy Case 56,834 Serial 542,524 Filed 20 January 1975

J. A. Coccl and M. L. Schift

PCM Synchronization and Multiplexing System
The invention comprises apparatus for obtaining transmitter-receiver synchronization in an
audio transceiver which employs pulse code modulation. The apparatus also provides demulti-
plexing of time multiplexed signals on the same data channel. The main advantage of the appara-
tus is that only one frame of data is lost for any one sync error. It can be implemented inex-
pensively by means of conventional digital integrated circuitry and will resuit in more accurate
and less complicated data transfer systems.

Navy Case 56,908 Serial 530,794 Filed 9 December 1974

J. C. Lawrence and A. Roth

Variable-to-Block-With-Prefix Source Coding Technique
Provides data compression technique for use with general sources and comprising a direct
generalization of run length coding. The technique Is also operable with sources of time-varying
anrd non-stationary statistics. Permits more efficient use of communication channaels.

Navy Case 57.173 Serlal 546,051 Filed 3% January 197§

AUTHORIZED INVENTION DISCLOSURES

J. E. Kershaw

Low Loss Tunable Filter
An especially designed low loss variable capacitor integrated with a helical resonator and
housing results in a performance level not obtainable by any other known method. The capucitor
tunes the helica! resonator over greater than an oclave range in the demonstration model. which
can operate at power lavels up to 250 watts, and which makes up one section of a three section
filter. The filter is used as one channel of a muiticoupler in one application and as an in-line
automatically tuned filter in other apptlications.

Navy Case 53.309 Authorized tor pragaration ol a paient applicalion 18 July 1975
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NELC Principal Mail Resgarch FY?5 DOC
Project Title Investigator Code | AUTOVON | Reguirement | Funding | Accession No.
2194 | Signal Processing Imager Using Dr. ). Lagnado 4800 | 9336877 2R021 03 S 54 0k DN 487535
Charge Transfer Arrays
2195 | Solid State Materials and N. K. Wagner 4600 9336591 ZRM 1 02 481.0 DN 487536
Processes Characteristics
2102 | Indium Phosphide Diagnostics H. H. Weder 4600 | 9336591 27021 02 83.0 DN 587501
i and Devices
2103 | Advanced integrated Matenal L. J. Johnson 4300 | 9346859 ZR021 03 1015 DN 587502
tor Power Electronics Rehability
2104 | Integrated Optical Processing De. M. F. Taylor 2500 | 9336641 2R01Y 12 1235 DN 587503
2105 Intercept and ldentification of R. A. Dillard 3300 | 933-2395 2ZR021 05 60.5 DN 587504
Spread-Spectrum Signals
2106 | Staustical Lagwe W. L. Carper 3500 9336227 ZRO21 03 36.0 DN 587505
2107 | Conunyous Bicad Prewsure Dr. 1. Silva 3400 | NV3IGAN ZR0O41 01 58.0 DN 587508 |l
) Maaitosing
! 2108 Frequency Shaping tor Voo C. R. Allga 400 | NNI-NAN ZRO21 O3 %5 DN 652507
' Communieations
2103 | Human Decwion Making as 2 Dt R A Flesng| 3400 | 933.7372 ZR0O4209 0.0 ON 587508
Furctien of Quplyy Composiuen
Variables
b
i
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MELC

NELC Principal Mail FY75 once

Project Title Investigator Code | AUTOVON | ED Task Area | Funding | Accession No.

2269 Telecommunications Equipment Low | L.J. Kinkel 4400 933-7136 Z2F61-512 $345.0k DN 587614
Cost Acquisition Method (TELCAM)

Z270 | Small Ship Command Control System | D. G. Mudd 3300 9336257 ZF61-212 40.0 DN 587613
(SSCCS}

2274 Real Time Mask for Flectro-Optical R.P. Bocker 2500 933.8641 2ZF61-212 101.5 DN 587613
Processor

2275 Optical Covert Communications Dr. G. C. Mocradian 2500 933-7975 ZF61-212 75.0 ON 587613
Using Laser Transceiver (OCCULT)

2276 QED Validation using VERDIN A. L. Heaberlin 2100 933-6856 ZF61-212 36.0 DN 587613
Receiving System

2277 | Tactical Data Network R. E. Kelly 3200 9336515 2F61-212 3285 DN 587613

22178 USMC Tactical Communications J. E. Kershaw 2100 933-7701 ZF61.512 60.0 DN 587614
Automatically Tuned VHF Inline
Filter .

2279 USMC Tactical Communications G. A. Ciapp 2100 933-7146 ZF61-212 20.0 DN 687613
Program Tactical HF Modems

2280 USMC Intelligence Program LWBSR L. H. Bossert 2300 933-2626 2F61-112 403 DN 587612
Modutation and Coding

2281 MC Tactical Communications - R. E. Kelly 3200 9336515 2F61.512 20.0 DN 567614
Message Entry Device

2282 Real- Time Multi-Dimensional K. Bromley 2500 9336641 ZF61-212 450 DN 687613
Fourier Transform System
Micropracessor Technology Task Dr. R. Martinez 4300 933.685% 2¥F61.512 437 DN 58/614
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Projects Terminated
o 87

Independent Research

NELC DDC

Project Title Accession Na. Reason for Termination

2108 | Statistical Logic DN 587 505 { Hardware based on these logics weuld not be

cost-effective for the Navy.

2108 Frequency Shaping for Voice | DN 587 507 | Completed.
Communications

2109 Human Decisiv:it Making as a DN 587 508 | One-year program completed; tests to be made
Function of Display undgr NAVSEA sponsorship.
Composition

Independent Exploratory
Development

NELC poc

Project Title Accession Na, Reasun far Termination

2270 | Smalt Ship Command Control DN 587613 ABei'ng continugd with funding from Naval Sea Systems
System (§SCCS) Cammand SF21-211401 INELC NN18)

226 | QED Valdaton ysing VERDIN DN 587613 | Completed; methodology aplied 1o other compansons
Regeiving System ot QE D with conventianat dasigns.

2278 | USMC Tacucal Communwations| ON S87614 | Completed: hield evaluation and tollow-ga dovolopmant
Autematicatly Tuned VHF planned by USMC,
toding Filtge

22719 | USMC Tacrical Canmuynications | ON 887613 | Completed: deployed wath 32nd Marine Amphitious
Program Tactical HF Modemt Unit. Addotional work undor USMC ay XF 21-222.015.

27281 KAC Tacnca! Communicatiaas - ON 887614 | Completed: wletted features weea uted by USMC in
Moo Entry Dovien mrnfications toe procyremant of new Dyt

Metsage Oevice (OMD).

2282 | Real Tune Muln.Ownentisagl DN 6B7 613 | Awaiting technotogical decelogmznts w industry which
Fourwe Transtorm System wall make apptosch costetfectneg.

2283 | Meroprocassar Techanlagy ON 587 614 | Bmng continund with tueding trom Naval Etecitong
Task Svsters Command XF 54 552.005 INELC R229],
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IR/IED PROJECT OTHER FUNDING
NELC NELC pDC
Project Titte Funding Amount | Project Funding Amount Accession No.
‘ 2269 Telecommunications Equpment Low | ZF§1.512 $345.0k| R405* | XF54.545.002 | § 50k DN 587581
I Cost Acqursition Method (TELCAM) XF54-545.011 10
2270 | Small Ship Command Control System | 2F61212 | § 40.0 | N718° | SF21.211.701 | $139 DN 687533
{SSCCS) XR02-105-001 5
2275 Real Time Mask for Electro-Optical 2FG1.212 | $101.5 | N609* | RF21.242:002 | § 27 DN 487605
Processor
2275 Opucat Covert Commurncations ZF51.212 $ 150 | 2275 NRL NIF 3 25 DN 587613
Using Laser Teansceiwver (OCCULT)

“These projects are work closely related to the LED project and denved trom 11, but they are estabhished as saparate work ynits,

A
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Prajects itor 876

Independent Research

NELC
; NELC Principal Mail Research FY76 DDC
. Praject Title Investigator Code | AUTOVON | Requirement | Funding | Accession No.
i 2194 | Ail-Digital Signal Processing Dr. {. Lagnado 4800 | 9336877 ZR021 03 $ 80.0k DN 487535
; Functions Using Charge Coupled
i Devices
; 2195 | Solid State Device Reliability Dr. A, Nedoluha | 4600 9336591 ZR011 02 250.0 DN 487536
{ and Vulnerability
{ 2102 I11-V Semiconductor Device Dr. D. L. Lile 4600 933-6591 ZR021 02 205.0 ON 587501
I‘ Technology
; 2103 | Advanced Integrated Material L.J. Johnson 4300 | 2336859 ZR0Z1 03 95.0 DN 587502
for Power Electronics Reliatnlity
2104 Integrated Optica!l Processing Dr. H.F. Taylor 2500 933-6841 ZR0O11 12 120.Q DN 587503
2105 Intercept and ldentification R. A. Dillard 3300 933.2395 ZR021 05 80.0 N 587504
of Spread-Spectrum Signals
2107 Btood Pressure Monstoring Dr. J. Silva 3400 933647 ZR041 01 55.0 ON 587506
2110 | Communication Disturbance M. P. Bleiweiss 2200 933-770% ZRO21 01 43.0 DN 687514
Prediction - Solar Flares !
211 Mithmaeter Wave Solid State 0. Rutun 2300 933-7097 ZR021 03 100.0 i D 6875156
Davices
2112 Elecrrame Detsrannation of €. uchiller 3400 933-7372 ZRO1 O3 0.0 DN 687816
Speech Intelligibihity |
R SR e e s i e e e e b i ——ey P SR S T
o "NELC | ) -
NELT Paineipat Mail FYT6 NOC
Projret Titly lneestigator Cotde | AUTOVON | ED Tatk Ates | Funding | Accession No
2269 | Low Cont Blectromes ] C.u Ward | a400 | 9337136 | ZFGV.G12 | 52750k | ON 587614
N4 Real Time Mash tor Elactto O B P Bocker 2500 | 93136641 RG22 11 DN 632613
QOutical Crovesssr s
2275 | Opuest Covert Crunmuynicatong D G.C Moot adun 2500 933.197% 2F61-N2 2000 DN 58764
Using Laster Trangeevet {OCCULT)
2317 Tactical Data Network: f.E. Keily X0 901 6515 2F8Y-N2 3350 ON 587613
Prograntmable Bata Tacaunal St
2280 | Swgnal Proceising toe MC LWBSR L M. Bosusert 2300 933.2626 Z2EG1112 10.0 ON 553612
2384 Intnthigence Analyse Automation .5 2 Mikhat 230 933 M1 L¥EGL 11 820 ON 5371612 |
285 | VHE.FM Antonha, Al Techiugues | B¢ M Kvigne 2100 933 7336 2e61 e %0 DK 68Mm13 i
| 2266 | Micropiotersor Suppart Systam | Dr. R Matunes 4300 | 9336860 | 2FEILIY | 680 | ONGSIGI4
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