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SUMMARY
INTRODUCTION ;

Presently available plotting equipment in ASW aircraft is of the
electromechanical or cathode-ray tube variety. Initial investigations
of solid state techniques have indicated that display and plotting equip-
ment with better operating capabilities may be feasible.

Thus, the U. S. Naval Air Development Center was requested by WEPTASK
No. RUSD3B001,/2021/FO0L4-02-001 to perform a feasibility study of solid
state techniques for application to ASW displays. This report covers one
phase of the task, namely the status of electroluminescent display panels.

SUMMARY OF INVESTIGATION

Four different types of electroluminescent display panels, namely,
ferroelectric, photo-conductive, piezoelectric, and transmission line,
were analyzed with respect to cathode-ray tube displays now in use and
to the functional requirements of ASW displays. The factors taken into
consideration were bulk and complexity of associated circuitry, bright-
ness, resolution, contrast, persistence, response time, switching speed,
and life.

CONCLUSIONS

At the present time no electroluminescent panels have been developed
with a capability of possible use as an integrated ASW display device and
there is no basis to predict that a solid state picture display panel can
be developed with a performance to compete with the cathode-ray tube.
However, the initial work in electroluminescent displays and the subse-
quent rapid advances in the field give good cause for optimism. Sustained
research and development efforts in some of the significant problem areas
are necessary to test the potential of these panels for ASW displays.

The effort thus far has served to define the major problems inhibiting
development of a successful solid state display. A number of promising
approaches to these problems have been formulated and partially investi-
gated. The work done so far, however, is rudimentary. A phenomena has
been discovered and techniques have been demonstrated. Further research,
development, and engineering effort are now required to exploit these
initial discoveries,

RECOMMENDATIONS

The study indicated that further advancement of the art should be en-
couraged. It is recommended that the following items be considered toward
this advancement:

1. Investigation of propagation of supersonic waves in piezoelectric
media (ELP panel).
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2. Development of an 8-by 8-inch ELP panel with electronics for producing
a raster display.

3. Development of r-f transmission line switching and associated EL panel
to demonstrate raster display (8 by 8 inches).

L. Test and evaluation of the ELF panel produced under BUSHIPS Contract
Nobsr-72782.

S. Equipping of a laboratory for photometric and optical measurement of
EL panel and cathode-ray tube screen performance.

6. Obtaining samples of EL panels for measurement and comparative evalu-
ation.

7. Development of signal distribution circuitry and screen measurement
methods for panels that are available commercially.
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BACKGROUND

The manifest advantages of the solid state pictorial display device -
the electroluminescent (EL) panel - hold such apparent promise that it is
essential that such a device be given serious consideration in the
planning of advanced ASW integrated display systems. This thin, flat
panel, which is vacuumless and rugged, adapts naturally to aircraft dis-
plays, and its compact form makes it ideal for use in the restricted
space of the pilot's compartment. The EL panel is devoid of filaments
and does not require high voltages. It is free from the hazards of high
vacuum and should endure large acceleration stresses. Fhysical damage to
one part of the panel will not result in "sudden death" as occurs with
the cathode-ray tube.

WEPTASK No. RUSD3B001/2021/FO04-02-C01, specified as a detailed re-
quirement, that a thorough investigation be made. of all solid state tech-
niques having application to ASW displays. This report was prepared to
fulfill this requirement and is considered the first phase of this project.
Other requirements call for the procurement of solid state devices together
with their associated laboratory investigation. These requirements are
incorporated as recommendations in this report and are considered as the
next phase of the work. The preparation of performance specifications
for developmental panel display will depend on the results obtained in
phase II, together with further advances due to continuing research and
development effort. The purpose of this study was to review the state-
of-the-art of electroluminescent panels, with the object of determining
the practicability of these panels for aircraft ASW displays of the type
now using cathode-ray tubes.

The cathode-ray tube was chosen as a criterion for evaluating electro-
luminescent panel performance because both have light output, thus making
possible a direct quantitative comparison of their functional performance.
Furthermore, the functions performed by a cathode-ray tube display place
greater demands upon EL panel performance than the functions of an elec-
tromechanical plotter. The assumption is that a panel capable of per-
forming the functions of a cathode-ray tube display will also have the
properties which will enable it to be used for the type of display now
accomplished by electromechanical plotters.

The feasibility of replacing the cathode-ray tube display by an elec-
troluminescent panel depends essentially on the answers to two questions.
Can the electroluminescent panel perform as a picture device comparable
to a cathode ray tube? Secondly, will the associated circuits for driving
the EL panel and distributing the picture signal to the panel elements
compare favorably in bulk and complexity to that required by the cathode-
ray tube.

For the purpose of this report, these questions must be answered from
the point of view of the potential EL screens in the near future, rather
than as a comparison of the present status of EL panels. It is apparent
that substantial improvement in performance of EL panels will be required
before they can replace cathode-ray tubes as display devices.

P
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There is a tendency to consider the problem of panel performance as
separate from the electronics required to distribute the picture on the
panel. However, any significant evaluation of the panel must take both
of these problems into account. Panel performance and driving circuits
are coupled in such a way that both problems must be solved for success.
In the ASW tactical display, success is determined by reasonable approx-
imation of the performance of a cathode-ray tube without significantly
increasing the volume and weight of the driving circuits.

CATHODE-RAY TUBE PERFORM A.N CE

Typical of the cathode-ray tube indicators used in Navy airborne in-
tegrated ASW displays are the AN/ASA-16 and the AN/APA-125 equipments.
In this study the weight and volume of the AN/APA-125 and the character-
istics of its cathode-ray tube are used for the purposes of comparison.

The Dumont 10AKP7 magnetically focused and magnetically deflected
cathode-ray tube is used as an indicator tube in this equipment. The
significant screen characteristics of the 10AKP7 are given below:

Brightness: 72 foot-lamberts
Resolution: O.4 millimeter

Contrast: 30-to-1

Gray Scale: No data available

Life: 500 hours negligible deterioration of
= screen characteristics

Buildup: S-to-1

Persistence: 3 seconds

Physical Size and Weight of AN/APA-125 Indicator

Dimensions (in.) Volume (cu ft)  Weight (1b)
Indicator 20 x 12-3/L x 28 bl 11k
Power Supply 13 x 10-3/4 x 19-1/) 1.6 L0
Control Tray  22-1/2 x 7 x 9-3/L 0.9 12

166

o
o

Total
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DISPLAY REQUIREMENTS & »

The display system accepts tactical information from various detection
and navigation systems in the form of electrical signals. These data are
displayed symbolically as a plot on the face of a cathode-ray tube. The
visible electronic plot is a graphic representation of the physical prob-
lem of locating, tracking, and attacking an undersea target. The plot
changes continuously in response to the changing variables of the problem.
Since the cathode-ray tube display is dynamic, being continuously and in-
stantaneously updated, data to be preserved for future use must be stored
in a memory device external to the cathode-ray tube.

Any substitute for a cathode-ray tube display must be capable of':

1. Accepting as input signals the electrical analogues of the problem
variables. . o

2. Presenting these factors as a dynamic continuously changing display.
3. Selective erasing of unwanted information. :
L. Changing scale instantaneously.

In addition it is desirable to have variable persistence (storage
time) and random access to a given point on the panel surface. These
functions must be accomplished with photometric and optical performance
comparable to that of present cathode-ray tube displays.

The ultimate objective is a high-speed real-time display with a fast-
scan raster (commercial TV rate). A more limited objective is a low-speed
real-gimo display presenting information via a slow-scan raster (radar
rates).

ELECTROLUMI ? ? NT FERROELECTRIGC

ESC
ELF PANEL

The electroluminescent ferrocelectric display panel is a multi-element
panel consisting of an array of electroluminescent cells in matrix form.
Each one of these cells is essentially a capacitor whose dielectric con-
tains the phosphor which emits light when subjected to the alternating
electric field. In the practical application to display panels at least
one of the capacitor plates is a transparent conductor.

The distinctive feature of the ELF panel is that each EL element has
a ferroelectric capacitor network to control the alternating current
exciting the EL phosphor. This nonlinear circuit element has a capaci-
tance that varies as a function of the d-c voltage applied across its
plates. This characteristic controls the light output of the cell in
accordance with electrical input signals.




NADC-AW-6108

Each element has in its structure the control circuit network, de- k
coupling network, and element switch. All these networks are combined |
in the form of solid state microcircuit. The cells are arranged in an :
orthogonal array with a common connection to each cell in each row (y) 1
and in each column (x). The total number of conductors is the product }
of the x and y rows and columns, At the present state-of-the-art this
is 16 conductors per inch of panel width and length. Figure 1 is a
block diagram showing the network components of a single EL element.
The complete equivalent circuit of this element is shown in figure 2.

DISTRIBUTION OF SIGNAL TO ELF PANEL

Brightness modulation of panel elements can be accomplished by dis-
trivuting the control signal sequentially to each element or to a line
of elements at a time. Figure 3 illustrates an experimental matrix dis-
tribution system for the line-at-time application of the brightness mod-
ulating signal. The signals representing a horisontal line of the image
to be displayed are stored in the column register. These signals are
applied to all the columns by the x drivers, but the row selector actu-
ates the appropriate row through the y driver and this transfers the
brightness voltage from the column register to that row.

PANEL PROBLEMS
Some of the problems which characterize the ELF panel are as follows: -

1. Brightness: A demonstration display panel had adequate visibility in
low ambient 1light intensity, but suffered substantially in a normally
lightad room. At 40O eycles, the electroluminescent highlight brightness
was 10 foot lamberts. Continuing developmert effort indicates that dou-
ble the present brightness level is feasible.

2. Resolution: The ELF panel is designed to have a geometrical resolu- »
tion of 18 iines per inch. However, this resolution is somewhat reduced '
because of optical and electrical fringing. Interaction between adjacent

elements depends upon structural details of the element microcircuit. A

change in brightness of full-on to full-off affects the "cn" brightness

of an adjacent cell by 2,3 db.

3. Humidity: Present ELF cells perform well at 1 percent relative hu-
midity, and satisfactorily up to 30 percent relative humidity. Between

60 and 90 percent relative humidity, cell life is shortened by a factor E
of 1000. Protective coating is being pursued as an answer to this

problem,

4. Control Voltage Sensitivity: Brightness in the EL cell is controlled
by the application of a d-c potential to the EL control circuit. A
rather large signal of 200 volts dc is required to effect luminance ra-
tios in the range from 50-to-1 to 100-to-1. Development of dielectric
material for nonlinear capacitors indicates a potential reduction of the
200-volt control signal to 4O volts or less.
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resistance of spark gap switches is expected to increase panel storage
time to 2 hours or more.

PERFORMANCE

The screen characteristics of a demonstration ELF panel at its pres-
ent state of development is given below:

Brightness: 10 foot-lamberts
Resolution: 16 lines/inch, diagonal of square element = 22 mm
Contrast: L4O-to-1 to 90-to-1
Gray Scale: S steps
Life: 2500 hours (to half brightness point)
Fersistence (storage
“time): S seconds

Buildup (response

time): No data available
Switching Speed: 150 us/line (128 elements per llne)

The volume and weight of the ELF peripheral electronics equipment is
not known. Laboratory equipment indicates that the size would be larger
than that for cathode-ray tube equipment.

It appears feasible that both brightness and resolution can be im-
proved by a factor of 2. Storage times can be increased by use of ionic
switch (spark gaps) up to 1 hour. Improvements in ferroelectric materi-

als should reduce the required control voltage from 200 to LO volts or
less.

ELECTROLUMINESCENT PHOTO-CONDUCTIVE
(BL=PC) PAREL

The EL-PC panel differs from other electroluminescent panels in that
the input signal is light, X-ray, or infrared radiation rather than an
electrical signal. The method of controlling the output light intensity
©of the phosphor is by resistance change in a photo-conductor element when
it is exposed to light. The light-sensitive resistance is in series with
the electroluminescent capacitor and thereby controls the exciting volt-
age applied to the phosphor.

One type of photo-conductive panel is the image intensifier. The
simplest construction of this type is a sandwich of a transparent conduc-
tive layer followed by a layer of photo-conductive material, a layer of
electroluminescent phosphor, and a final layer of transparent conductive
coating. When an a-c voltage is applied to the transparent conductors
and a portion of the photo conductor is illuminated, the resistance of
the photo-conductive layer in that area decreases. Through the series
circuit arrangement, the current through the electroluminescent layer
increases in the illuminated portion causxng it to emit light at a
greater intensity.

’
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A more refined image intensifier panel has the photoconduction layer
cut into parallel V-type ridges with the conducting lines on the top of
the groves. A current diffusing layer and a light opaque layer are added
between the photo conductor and electroluminescent layer as shown in fig-

ure L.

An extension of the image intensifier is the feedback light amplifier
panel. Ir the conventional image intensifier, light feedback i1s prevented
by an opaque shield between the photosensitive layer, and the electrolu-
minescent layer. By providing light feedback from the electroluminescent
element to the photo conductor, an illuminated element may be kept on for
an indefinite time after the input light signal has been removed. In

" this mode of operation, a transient picture signal may be stored for any

desired pericd.

Figure 5 is the equivalent circuit for a feedback panel element. The
light feedback circuit is isolated from the light output by a separate
photoconductor element. If the power supply V2 is open circuited, the
feedback circuit becomes inoperative and the stored picture is erased.

In this condition, the bistable or storage mode is eliminated and the
panel becomes a conventional image intensifier.

PANEL PROBLEMS

Some of the problems connected with the EL-FC panel include dielec-
tric breakdown, low brightness, crosstalk, and poor resolution, with
spreading being the most important, as follows:

1. Spread : There is a tendency in the feedback panel for illuminated
elements tc cause adjacent elements to light by optical and electrical
leakage. Considerable improvement has been obtained by the incorporation
of light opaque layers and electrical insulators into the physical design
of the panel. A laboratory model tested in 1959 showed no perceptible
spreading 30 minutes after the image had been registered.

PANEL PERFORMANCE

EL-PC Feedback EL Image

(Storage) Panel Intensifier
Brightness: 0.5 foot~lamberts 28 foot-lamberts
Resolution: LO lines/inch LO lines/inch
Contrast: No data No data
Gray Scale: 2 steps (1V quality)
Life: No data No data
Persistence (Storage Time): Indefinite 1 millisecond

0.1 to 3 seconds

Response Time:
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i POTENTIAL PERFORMANCE
A research program by one contractor on an image intensifier for
aerial reconnaissance photography indicates that improvements in EL

phosphors and photo-conductive materials together with evaporation or
spraying techniques could increase resclution to 100 lines per milli-
meter putting it on a par with the resolution of photographic film. The
improvement of dark current and response time of photo conductors is a
problem of solid state physics which appears soluble with continued re-
search effort.

ELECTROLUMI?ES ZOELECTRIG |
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The ELP panel consists essentially of two thin layers, one layer (4
being a solid monolithic sheet of piezoelectric material coated with a
thin EL layer. This panel differs from the other Fl, panels in that it
is of solid, non-segmented, construction. The panel is scanned by the
application of acoustical excitation from a transducer whose input con- ;
sists of pulses of supersonic electrical energy. Acoustic shock-wave : ‘
fronts are applied in the x and y directions and are propagated in these
two planes through the panel material at a constant velocity.

;' Associated with the shock waves or mechanical distortion of the panel

k| medium is an electric field from the piezcelectric effect. At any point ¢
E | of .intersection of these two wave fronts, the electrical field adds in {3
such a way that the field intensity at that point is the sum of the two

pulses of the intersecting wave fronts. The brightness versus voltage

-10-
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characteristics of the EL layer is designed so that it luminesces under
this electric field condition. At any instant the location of the point
on the panel to be excited into luminescense is determined by the inter-
section of the two traveling wave fronts. The luminous point travels as
| the two wave fronts and their intersection move. The relationship between
i the starting times of the x and y wave fronts determine the point or line
described on the EL surface. By appropriate arrangement of this time
relationship, a raster-type scan is generated to cover all points on the
s surface in sequence.

Intensity modulation is accomplished by applying the modulating volt-
age to an electrode which covers the back area of the panel. The modula-
ting voltage (video) at any instant is effective on the point which is
illuminated by the intersection of the acoustic wave fronts.

PERFORMANCE

Although there has been a successful laboratory demonstration of the
concept and basic operating principles of this panel by its inventors,
little quantitative performance data are available. The laboratory dem-
onstration showed the ability of the unit to generate a Lissajou circle
from 1000-cycle sinusoids in a darkened room. This experiment showed
that the panel has a random access capability. Brightness modulation of
a 15-kilocycle scan line at a frequency of 1.5 megacycles was also
demonstrated. However, the brightness was low and the trace had the
appearance of being out-of-focus and fuzzy.

PROBLEMS

Although the experimental unit demonstrated the feasibility of a
novel and apparently very simple means of signal distribution on an EL
panel, a number of significant problems are indicated by this preliminary
work: |

1. Focus must be improved; it is related to the propagation (scattering)
of the supersonic waves in piezoelectric (ceramic) media. |

2. Brightness must be increased. Phosphor development is needed to im- |
prove the response to fast pulses. Development of both pieszoelectric and |
electroluminescent materials for optimizing energy transfer between the
two layers could improve the light output.

3. Contrast ratio needs improvement. Research in nonlinear resistance {
layers is expected to produce improvement in contrast and lessen demands
on video driving power.

In principle the electroluminescent piezoelectric panel presents a
neat and simple solution to the problem of picture distribution. Reali-
zation of its full possibilities depend to a large extent upon the suc- |
cess of research in materials.
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.»O

An analysis is needed of the physics of supersonic propagation in |
flat solid piezoelectric media to determine the nature and measure of {
* basic limitations on resolution and focus. Width of the shock wave and
3 the scattering phenomena appear to be two factors bearing upon the reso-
: lution and focus problem.

NSMISSION LINE

ELECTROLUMINESCENT A
-T) NEL

(BE1-1

One approach to the EL picture panel uses a conventional crossed grid
panel with the x and y lines connected along the length of an r-f trans-
mission line in each axis. The transmission line is operated as a reso-
nant line so that transmitted pulses are reflected from the receiving end
back along the line. If a second pulse is sent down .the line after the
first is underway, it coincides at some point on the transmission line
with the reflected pulse coming back. At this point the pulses combine
to produce twice the voltage amplitude of a single pulse, the panel grid
wire connected to this point on the line sees an instantaneous increase
in voltage and this wire is "switched" on. In this manner any one of the
crossed grid wires is switched on electronically at very high speed. The
Particular line to be switched is determined by the time relationship
between the launching of the first and second pulses. The problem of
switching reduces to a matter of generating pulse pairs with a time sepa-
ration corresponding to the location of the wire to be switched.

By incorporating the shunt capacitance of the EL elements (capaci-
tance between grid wires) as part of reactive elements of the transmission
line switch, these losses are removed from the load, théreby reducing the
power demands on the switch.

Brightness modulation is accomplished by varying the amplitude of the
individual pulses as they are sent into the switching transmission line.

An alternative method ‘of element switching is the use of a planat ! 3
panel with transparent area electrodes instead of crossed grids. The . E
whole panel is used as a transmission line. An electromagnetic wave is 3
introduced into the panel, edge on. The field propagates across the sur- R
face of the panel just as a pulse traveling along the transmission line. ¥
The double pulse method is used as before, and the electric field doubles ‘
at the point where the incident pulse coincides with the reflected pulse.
A similar pulse pair is introduced into the adjacent edge. Field increase ]
of four times the initial amplitude occurs where the two fields intersect. ‘ :
This causes the elemental area of EL phosphor located at this intersection
to luminesce. Instead of using fast discrete pulses, peaked continuous ]
waves may be used as an alternative. Each method has its particular ad- . i
vantages or disadvantages. Brightness control is effected by modulation
of the input pulse excitation to the panel at video rates.

; ; ;
-12 - B
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PROBLEMS

Although there is no evidence of an actual laboratory demonstration
of the panel as a picture display, laboratory and analytical work has
demonstrated the validity of the operating principles. Anticipated prob-
lem areas are in contrast, brightness, and response of the phosphor to
the fast pulses required for transmission line switching.

Contrast is limited by the cross-talk between the selected coordinate
and the other coordinates which it intersects. As in the other panels,
the answer seems to be in obtaining a brightness voltage characteristic
which is nonlinear. Due to the fact that a voltage equal to one half the
amplitude switching pulse exists between an excited grid wire and other
unexcited grids which it intersects, the phosphor should not emit light
at 1/2 voltage or less. Such a threshhold is necessary to avoid degrada-
tion of contrast by spurious excitation of adjacent grid intersections.

Brightness and phosphor response to fast pulses loom as the key prob-
lems in the development of a practical panel.

POTENTIAL

The solid state display panel seems to have solved the problem of
high-speed switching and modulation. Electronic circuitry to drive the
panel is within the scope of present state-of-the-art. The complexity
and required physical size for this circuitry should compare favorably
with cathode-ray tube arrangements.

Barring the development of serious problems with the transmission
line switching, the success of this panel depends mainly upon the develop-
ment of improved electroluminescent phosphors. The acid test of the idea
awaits the fabrication of an actual picture panel and a demonstration of
its performance.

DISCUSSION

At the present stage of research and development in the field of
electroluminescent displays, there has been no actual demonstration of a
fully operating picture panel. The principles involved in a number of
different approaches to such a system have been formulated and in some
cases verified by laboratory experiment. In the absence of a demonstra-
tion of EL panel as an overall picture system, it is speculative to eval-
uate the different approaches with any degree of validity.

The main approaches to the solution have recognized three major prob-
lem areas, namely, brightness, resolution, and complexity of the scanning
system. Unfortunately, the demands of these factors are conflicting in
the systems thus far proposed. The attempt to solve these problems has
concentrated effort in research and development on EL phosphors and in
the development of a fast method of electronic switching with minimum
complexity.
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In the field of phosphors, attempts ake being made to increase the
brightness and operating life, to provide a nonlinear voltage-brightness
characteristic that has a definite threshhold, to lower the required ex-
citing voltage, to improve phosphor response to fast pulse, and to mini-
mize the adverse effects of humidity on phosphor performance.

A major problem with the use of EL panels as picture displays is the
rapid distribution of the picture signal on the face of the panel. This
appears to be the most formidable obstacle to the realization of a prac-
tical solid state picture panel. However, independent approaches to the
solution of this problem by two industrial concerns appear very promising.
Both of these approaches employ a variation of transmission line phenocmena
which is used to position an intensified electric field rapidly across a
small defined element of the EL phosphor. The rapid positioning of this

spot 1s programmed to trace out a raster in a manner similar to television
scanning.

One method utilizes the propagation of a supersonic shock wave in a
piezoelectric panel layer, while the other method uses r-f pulse propa-
gation in a lumped parameter delay line. The r-f pulse propagation
method can also excite the panel conductors directly, thereby using the
panel itself as a transmission line.

The theory of operation of the piezoelectric EL panel has been demon-
strated in rudimentary form. While this demonstration indicated worka-
bility of the idea, further studies are needed on the propagation of
waves in the piezoelectric ceramic medium to determine the fundamental
limitations on resolution and focus. The low brightness level exhibited
in the demonstration will have to be materially improved.

A demonstration of the r-f pulse propagation panel as a picture dis-
play has not been made. However, the operation of transmission line
switching has been accomplished experimentally. Phosphor brightness and
phosphor response to the fast pulses required are problems.

The ELF panel, while achieving considerably higher brightness than
the above-mentioned panels, is deficient in resolution and requires con-
siderable complexity in the electronics for signal distribution. This
panel has been subjected to photometric tests, but has not been demon-
strated as a picture display.
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