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PREFACE

This document covers research as to the feasibility of multispectral

mosaic image conversion panels carried out at the G. T. Schjeldahl Company,

Inc. during the twelve months from 1 February 1971 to '1 January 1972.

The research was directed by Dr. Donald E. Anderson; co-investigator

was Richard L. Swisher. The research staff during all or part of the

period covered by this report included Robert Mracek, Eugene Hildreth,

Lloyd Schultz and John Rooks.



ABSTRACT

A Development program is described in which the feasibility of mosaic
EL/PC image conversion panels sensitive to UV, near IR, X-rays, and
visible light was studied. Thin Film photoconductors are electroded in
a regular array with unit cells 0.020" on centers. These arrays
are connected to opaque electrode arrays forming the back pads of an
electroluminescent (EL) lamp array through the use of microglass spacer
sheets. Both thick film EL and thin film (TFEL) lamp arrays were prepared
and studied. Useful near IR response was obtained for inputs of 10-6

w/cm 2 . Useful visible light response was obtained for 5 x 10-4 ft-cd
input. Peak optical gains of 500 were achieved with thick film EL and
optical gains of 3000 using TFEL output.

The combinations of materials used were prepared in test sample form,
electrically and optically parameterized, and then computer simulations
were performed to determine the range of parameters needed for a success-
ful assembly. The computer models simulate the transient or steady state
optical stimulation of EL/PC cells with simple sinusoidal power applied
or more complicated waveforms. All computer programs used are docuL.anted.
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1.0 General Introduction

1.1 General Description of Construction and Operation of EL/PC
Image Conversion Panels

A solid state electroluminescent-phococonductor (EL/PC) image
converter is a device w1 ich responds to radiation of a certain intensity
and wavelength distribution by emitting radiation of higher intensity
and/or different spectral distribution. Our studies have concentrated on
image conversion panels haviug a structural geometry consisting of layers
of mosaic patterned cells. All photoconductors studied were deposited
as thin films with mosaics of patterned electrodes. Input radiation
is incident normal to the PC film and photocurrent flow is in the plane
of the PC film, Figure 1 is a back-lighted photomicrograph of a mosaic
electroded PC layer fabricated in our laboratory. The opaque material
is the molybdenum electrodes.

To connect the small square electrodes of the PC layer in
Figure 1 to individual EL lamps in a layer above the PC layer, we need an
interface layer. Ona type of successful interface layer that we have
previously developed is shown in Figure 2. In this photomicrograph, the
round dots are "posts" of solder alloy. Each of these posts are bonded
to one of the small square electrodes of the PC layer in Figure 1. The
light colored matrix is 0.003" thick glass. This is used for dimensional
stability of the sheet.

The forward or ,ipper ends of the conductive posts are connected
to an array of rear electrode pads for the EL output layer. If thick film
EL is used, it is sprayed onto the electroded interface layer and a cont-
inuous semi-transparent front electrode is applied. Figure 3 is a photo-
micrograph of the light emitted by an array of thick film EL lamps fabri-
cated in this manner. An opaque dielectric layer is usually applied behind
the output EL layer to prevent light feedback to the PC layer. If thin
film EL (TFEL) is used as an output media, then it must be prepared on a
separate substrate and electroded and then bonded to the interface layer.

Figure 4 is a vertically exaggerated drawing of a section of an
EL/PC image conversion panel using thick film EL. The operation can be
visualized by tracing the flow of electrical power from the conductive
lattice across and modulated by a stimulated PC cell, up a conductive
post, and by means of capacitance, through the EL layer to the continuous
front electrode. Figure 5 is a schematic of how one EL/PC cell operates.
As radiation impinges upon the PC, its resistance decreases. This switches
an increasing fraction of the applied voltage onto the EL capacitor. In
response to this voltage, the EL material emits light. The image conversion
panel can be thought of as an array of photoresistive voltage dividers.

"-1-



SSohieldahi Company Figure1



Reproduced Iron'
best available copy-

INTERFACE LAYER OF MOSAIC

~~EC/PC l"TVfly



Schielciahi Company Figure 3



Elements on 0.020"1 Centers
Continuous
Transparent

Elect r -
Luminescent

Mbaterial

Conductie OOpaqu

Condonduct i.
Pad

CondctorPhotoconductor

(Molybdenum) (CdS, Se)

Simple 3D Geometry of Image Conversion Panel

FIGURE 14

-5-



p AC SourceLight Out

ELi iResistance of EL CapacitorEL • I€:.':':';'1•

Capacitor

.--. -. _ .0icall arrier ---- _

Iaaii Photoconductive Resistor
Capacitance

of PC

S' Photon Input

W AC Soa.xrce

Extremely Simplified Schematic of Operation
of

EL/PC Image Conversion Panel

FIGURE 5

06-



1.2 Philosophy of This Program

Under a previous contract (N00017-70-C-0213), it was shown
that mosaic EL/PC infrared image converters could be simulated by computer
modeling and the operating characteristics of a completed test assembly
agreed with the predictions. This type of simulation makes possible many
economies in the search for useful combinations of photoconductors and
electroluminescent materials.

In this program, we were to continue studies of infrared (IR)
photoconductors used with thick film EL and to extend this work to photo-
conductors sensitive to ultra-violet, visible, and X-ray radiation. Also,
we were to further investigate the possibility of using thin film EL(TFEL)
in image conversion panels. If the computer simulations indicated that
a combination of materials could function properly, then test assemblies
were to be fabricated, if possible, and compared with the simulations.
In addition, we were to investigate the possibility of placing a visible-
to-visible image conversion panel on top of any other type of image
conversion panel to boost the conversion gain of the pair.

The work and this report was divided into five tasks:

Develop Thin Film EL lamp arrays compatible with
possible assembly techniques

Investigate UV sensitive photoconductors to find
possible candidates for use in test assemblies

0 Investigate X-ray sensitive photoconductors to find
possible candidates for use in test assemblies

0 Investigate PbS-TFEL combinations and improve the CdSe
device fabricated under previous contract.

SImprove CdS,Se visible-to-visible image conversion
panels and investigate possibility of cascading with
similar panels or any of the image conversion panels
above.

2.0 Thin Film EL Fabrication and Testing

2.1 Introduction

Thin film EL (TFEL) has these advantages over thick film EL:

" Higher brightness

" Better brightness maintenance characteristics

" More uniform appearance. It is microscopically uniform
in brightness within a cell.

i-7
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TFEL has these major disadvantages:

It is much more difficult to fabricate consistent lamps
from sample to sample. Many vacuum deposition processes
are involved. The heat treatments necessary to form a
good lamp limit the possible assembly procedures of an
EL/PC device.

. Its brightness is a very steep function of applied
voltage which results in very little gray scale range
in an EL/PC image conversion panel.

a Its capacitance per unit area is much larger than
thick film EL and hence, its impedance per unit area
is lower. This requires that PC cells be fabricated
with a lower range of impedances than those necessary
for thick film EL.

Despite the above shortcomings and difficulties, TFEL is still a
desirable light output media because of its high brightness and excellent
life if made properly. These characteristics are especially important
for aircraft displays.

During this program, we improved upon the performance obtained

from TFEL fabricated under the previous contract.

2.2 TFEL Fabrication Techniques and Results

2.2.1 Co-Planar Electrodes

It was originally planned that we try to increase the
impedknce of the TFEL cells by using a co-planar electroding scheme as
shown in Figure 6. Experimental trials indicated that such a configuration
held little promise for success because of extreme demands on electrode
edge smoothness and electrode spacing of less than 0.001". This electrode
spacing is impractical for large area panels.

2.2.2 Series TFEL Lamps

Another impedance raising approach was then tried. This
electroding technique is shown in Figure 7. The technique used a "moated"
rear electrode for the TFEL cell and a "floating" semitransparent front
electrode. If the area of the region common to the power grid and floating
electrode and the area common to the "island" and the floating electrode
are equal, then the impedance of the TFEL lamp is quadrupled over a simple
sandwich electrode structure. The total operating voltage of the TFEL lamp
is doubled but the electric fields in the material remain the same as for
a simple sandwich cell. We abandoned this approach because the lamp could
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not be fabricated as in Figure 7. Because the TFEL needs high temperature
baking, the front semitransparent electrode has to be SnO2 or InO2 deposited
on a substrate first. The moated rear electrode had to be deposited last
and we could not find an etching technique for the metals used (Au, Ni,
or Al) that didn't damage the lamps in some unknown way. All lamp samples
suffered from voltage breakdown problems.

At this time we decided to concentrate on the simple
sandwich cell of TFEL and try harder to adjust the impedance range of
the photoconductors.

2.2.3 Sandwich Style TFEL Cells

Concurrent with the unsuccessful attempts at using novel
TFEL cell geometries, we were attempting to improve the performance of
"simple" sandwich style TFEL cells. Figure 8 is a cross-section through
such a cell. The transparent substrates we used were typically boro-
silicate glass. We tried two types of semitransparent front electrodes:
SnO2 and InO2. The phosphor was ZnS doped with manganese. The dielectric
is GeO2 . The rear electrode is typically Au.

At the beginning of the program, we performed an abbre-

viated matrix study using:

a) Three types of SnO2 coated substrates.

b) Three types of GeO2 evaporation sources.

c) Two types of ZnS:Mn phosphor evaporation sources.

The plan was to abbreviate the matrix by building lamps
using all types of processes in (a) above with a standard set of processes
from (b) and (c) ebove. The best (a) process was then used with all types
of (b) processes and the same (c) standard. This optimization was carried
through each successive layer of the lamp structure. The types of substrates
included commercially obtained substrates and SnO2 and InO2 coated substrates
prepared in our laboratory.

All ZnS:Mn depositions were made in a bell jar vacuum
system using an internal chimney deposition system as shown in Figure 9.

Vie best lamp obtained by this matrix of permutations

was fabricated of:

1. Commercially obtained SnOs coated glass substrate.

2. 2501 of GeOa; vacuum baked 2 hrs. at 5000C.

3. 18,0001 of ZnS (shot from charge containing 20%
MnS); vacuum baked 2 hrs. at 5000C.

-11-
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4. 9,0001 of GeO2 .

5. KarmaTM rear electrode.

This lamp would emit 19000 ft-L when driven at 260 V rms and 5KHz. Life-
times of this type of lamp were only -50 hrs. at which time voltage
breakdown at small spots would begin to destroy the test cells. Decay
was very slight before failure. The voltage breakdown problem plagued
us throughout the program.

Figure 10 is a representative sample of the brightness
vs. voltage characteristics of the TFEL lamps fabricated in this matrix
study. The results are typically that:

1. Increasing thickness of GeO 2 layer shifts the curves
to increased operating voltage.

2. Increasing Mn concentration in the phosphor layer
(No.3 above) shifts the curve to lower operating
voltage and steepens the slope of the curve.

3. Post deposition vacuum baking of the phosphor
layer is very important for maximum phosphor
brightness and lifetime.

Figure 11 is a comparison of a lamp fabricated in the
matrix study with a commercially available TFEL lamp (Sigmatron, Inc.,
Goleta, California). Our lamp was fabricated as follows:

1. Commercial SnO2 coated glass substrate

2. 2501 Ge0 2, unbaked

3. 15,0001 ZnS phosphor, shot from cha6ge containing
20% MnS, vacuum baked 2 hrs. at 500 C.

4. 9,0001 GeO2

5. Au rear electrode

All dielectris and phosphor depositions were made with
a substrate temperature of 200 C. The ZnS evaporation crucible has a
quartz "wool" plug placed on top of the charge. A thermocouple encap-
sulated in quartz is used to monitor the tempegature of the quartz "wool"
plug. For this lamp, the temperature was 1150 C. The lamp operated for
240 hours at near 50 ft-L before voltage breakdown occurred.

The operating frequency was 5 KHz and the voltage was
209 V rms. The voltage was gradually increased to 218 V to compensate
for aging. All good lamps exhibited excellent brightness maintenance.
But at some time after approximately one hundred hours, they suffered a
catastrophic breakdown which obliterated the entire cell.

-14-
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This catastrophic failure mode of the TFEL lamps which
plagued us was traced to almost sub-microscopic pinholes in the phosphor
layer. Very small defects in the surface of the finished lamps were
observed to be the center of destruction of macroscopic areas that broke
down in operation. We were already using a quartz "wool" plug in our
phosphor deposition boat. If we increased the thickness of this plug
or used a less porous plug, we expected deposition times to become very
lengthy. Consequently, we began experimenting with thicker nucleating
layers under the phoqphor layer. Previously, if a GeO 2 nucleating layer
of greater than -250A was used, the lamp surface crazed during vacuum
baking. We changed the Ge0 2 evaporation source from an A1203 crucible
to a Pt resistance heated source of simple folded ribbon geometry. Much
better adhesion of Ge0 2 to the front electrode was then observed.

The catastrophic failure mode of the TFEL lamps was
reduced. The deposition source for the Ge0 2 layers and the increased
thickness of the phosphor nucleating layer helped.

The best lamp fabricated since using a thicker nucleat-
ing layer was manufactured in cross grid matrix style with 0.016" wide
InO 2 lines on 0.020" centers for the semitransparent electrode.

The lamp was fabricated of:

1. InO2 coated substrate (etched into lines).

2. 5001 Ge0 2 unbaked, deposited from Pt boat. Charge
is fused before opening shutter.

3. 20,000k of ZnS, shot from a charge containing 20.
MnS, vacuum baked two hours at 500 C. Source
diffuser plug temperature is 115 0C,

4. 6,000k of Ge0 2 deposited from Pt boat. Charge is

fused before opening shutter.

5. Al rear electrode (deposited as lines).

This lamp was operated in a constant brightness mode.
It exhibited a fast decay mode after initial turn-on. Its beginning
operating parameters were 185 V rms at 5 Kl0z to emit 50 ft-L. Its "first"
half life was -10 hrs. At this time, the voltage was raised to 192 V rms.
Its projected half life at this voltage was - 1125 lirs. After 800 hrs.
running time, the lamp required 200 V to emit 50 ft-L. Small portions
of the lamp did suffer catastrophic failures; final failure occurred at
approximately 1200 hours. We feel that this particular phosphor fabrication
technique does yield a useful phosphor layer but our substrate preparation
procedures need further refining. At this stage of development, the TFEL
effort was then directed toward methods of integrating TFEL cells into
EL/PC test assemblies.

-17-



2.3 Interesting Anomalies of TFEL

While fabricating a test EL/KC assembly, a small portion of the
assembly was coated with the following layers:

1. Glass substrate

2. Molybdenum base electrode

3. 1 10,000k of CdS, Se:Cl

4. 3,000 GeO 2

5. 16,0001 of ZnS:Mn (shot from a charge containing 15% MnS)

6. 3,000k GeO0

7. Semitransparent (' 40%) KarmaTM electrode

This combination of materials produced a very low-voltage TFEL
lamp. The operating characteristics of the lamp are shown in Figure 12.
The lamp would not emit light under direct current stimulation. As
circumstances permitted, we used scrap samples of TFEL lamps to try to
determine what caused this behavior. Our best guess as a result of
several loosely controlled experiments is that Cl doping from the CdS,
Se layer caused the phenomena. As a check, w*ze ran a ZnS:Mn TFEL layer
through a photoconductor Cl doping cycle. After depositing the dielectric
layer, we obtained a TFEL lamp having operating characteristics as shown
in Figure 13. This was the lowest voltage lamp we fabricated (when
operated at low frequencies). The lifetime of the lamp was only a few
hours.

-18-
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3.0 UV-to-Visible Image Conversion Panels

3.1 Introduction

We originally proposed that ultra violet-to-visible mosaic
image converters might be feasible if large band gap photoconductor
materials, those greater than 3 ev, exist which are compatible with current
EL/PC construction techniques and exhibit fast photocurrent rise and
decay times. Such a candidate material is ZnO (band gap - 3.2 ev). The
literature shows it to have a slow photocurrent rise and decay time.
However, these reports do not clearly indicate its behavior in thin film
form under the large signal voltage biases necessary for mosaic EL/PC
image conversion. Thus, materials such as A12 S3, ZnO, ZnS, In 2 O3 , SnO2
Sb203 , Bi 203 , and/or others, as indicated by brief literature search,
wore to be prepared in thin film form and doped according to the best
information available. Photocurrent under near UV stimulation was to be
measured while ac voltages of 50 to 250 volts rms at 400 to 4,000 Hz
were applied. These measurements of photocurrent when used in the computer
simulation of EL/PC devices would help determine the feasibility of a
UV-to-visible image converter.

3.2 Results

The literature search turned up deposition techniques only for
ZnO and of course, ZnS. ZnS has a very low conductivity. The few sarmples
of pure ZnS that we prepared with 0.002" electrode spacings and thicknesses
of 6,000k to 20,0001 had resistance values > 109 Q. We could not detect
any photoconductivity when stimulated with intense .336p radiation.

We then turned to ZnO as it is somewhat better documented as a
photoconductor. It seems that most techniques for producing ZnO as a
photoconductor are held as proprietary and little has been published on
the subject. We first attempted to deposit ZnO by reactive sputtering in a
partial atmosphere of 02. All attempts had very poor adhesion to the
substrates. Next we used r-f sputtering aqd obtained clear, well adhering
films. In thicknesses of 6,OOOA to 18,OOOA the films had a cell resistance
(.002" electrode spacing, see Figure 1) of 1.5 x 105CI to 103£1 However,
we could detect no photoconductivity under intense UV stimulation. We
attempted to Cu dope the films by imbedding the substrates in doped powder
and baking the container at 4000C for various lengths of time. The only
result was cloudy, peeling films. Again, no photoconductivity was observed
but the results are not conclusive since the films were very crazed and
ciacked.

As one last experiment we checked to see if the ZnS:Mn TFEL lamps
would emit light at less than their normal voltage under IN stimulation.
No effect other than simple fluorescence was observed.

As a consequence of the above negative results and lacking
information as to proper ways to proceed in post deposition treatment of
ZnO films, we discontinued effort on this task.

-21-



4.0 X-Ray to Visible Image Conversion Panels

4.1 introduction

Past work on EL/PC mosaic structures showed that uncooled PbS
photoconductive ceels appeared to not have a useful dynamic range of re-
sistance for use in a PC-EL enfrared image converter. Very little has
been done to investigate its use as an X-ray sensitive photoconductor, and
it is judged that carrier lifetime is probably too short for this application.

However, a heterojunction device of PbS and CdS or PbSe and
CdSe shown in Figure 14 was proposed as a possible X-ray sensitive
photoconductor combination.

A sound theoretical justification for expecting useful per-
formance from such a device couldn't be presented. The photoconductivity
mechanisms for PbS are not well understood. However, work performed on
a proprietary X-ray dosimeter utilizing thin films of Pb as X-ray to
electron converters indicated that such a heteroju-ction device should
be investigated.

4.2 Results

The first problem encountered with the structure of Figure 14
is that we could not prepare PbS with small enough dark conductivity to
adequately turn off an EL cell.

The PbS layer would effectively short out the CdS layer. The
only way we could decrease the conduc ivity of the PbS layer was to
decrease the thickness to - 1000-2000A and sinter it in an 02 atmosphere
for several hours. However, films that were this thin were obviously
too thin to absorb enough X-ray photons to be useful. The only other
thing we could try was to see what happened if the PbS layer was patterned
so that it did not contact the electrodes. If a high resistance layer
formed at the PbS-CdS junction, the CdS film could retain a smooth enough
electric field across its electrode gap to function as a photoconductor.
Experimental trials indicated that the opposite effect occurred. It
appeared that the PbS-CdS interface became a very conductive region
compared to either material. As an increasing voltage was applied to
the electrodes, the CdS layer would begin to break down near the electrodes.
It acted as if the PbS-CdS interface was a current shunt.

At this point in the program, it was decided to cease effort
on this task as proposed.

We checked to see if the operating voltage of a TFEL lamp was
reduced by X-ray stimulation. There was no observable effect.

4.3 Recommendations

Using thin film photoconductors to convert X-ray photons into
photocurrents of a magnitude suitable for controlling the emission of
electroluminescent lamps is moat probably not practical.
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As long ago as eighteen years, moderately successful X-ray-
to-visible conversion panels were fabricated of thick film EL and
thick film CdS layers. These devices were never practical due to construction
problems. Thick film CdS is very difficult to prepare in uniform layers
of the necessary - 0.010" thickness for adequate X-ray absorption. Also,
if the devices are prepared in a "sandwich" structure, which was the only
practical process in the past, the shunting capacitance across the PC
limits the useful range of the device. However, if TFEL instead ot thick
film EL could be used, the effective shunting capacitance across the-CdS
would be reduced significantly. If fuither work with direct conversion
of X-rays is to be pursued, the TFEL and thick film CdS or CdSe sandwich
structure should be investigated.

It should be noted that indirect conversion, using a conventional
Patterson CB-2 phosphor screen to convert X-rays to visible light and
then a visible-to-visible image intensifier panel to amplify the image,
has been successfully developed under another contract*. In this way,
reductions in radiation levels have been achieved which are quite significant.
Optical gains in excess of 100 were achieved on 10" x 10" panels with
0.020" center-to-center cell spacing; image saturation can be obtained
with less than 20 mR exposure to 70 KeV X-rays. 'his then constitutes
a performance "yardstick" against which any direct conversion approach
must be measured.

*US. Army Electronics Command, Fort Monmouth,

Contract No. DAAB07-71-C-0267.
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5.0 Visible-to-Visible Image Conversion Panels

5.1 Introduction

Under this part of the program, we were to develop, if possible,
two basic types of visible light amplifier panels. The first type was
to be a very sensitive panel. This type was to be sensitive to as small
an input light level as possible. The second type vas to have as large
an output brightness as possible with its sensitivity threshold possibly
no better than 10-2 to 10-1 ft-cd. The high brightness panel was to be
considered mostly for use as the second stage of an image conversion system.
The first stage of such a system could be whatever type of image converter
we developed (IR, UV, X-ray, or Visible Light sensitive). This high
brightness second stage would be used as a "brightener" to overcome ambient
light problems in viewing an image on the first stage panel by itself.
To build such a high brightness panel, a TFEL output is virtually required
if we were to have a chance of achieving many tens of ft-Lamberts output
brightness.

The first type or sensitive panel would probably have to be
one using thick film EL for output. Based on previous experience, thick
film EL cells are a much better impedance match for sensitive CdS type
photoconductors than are TFEL cells. Also, TFEL cells had not been
successfully integrated into an assembly.

As was mentioned in Section 4.3 above, concurrent with this
contract we were also working on a contract from Fort Monmouth (DAAB07-71-
C-0267) to develop our existing light amplifier technology into the
capability for fabricating 10" x 10" image conversion panels using 0.020"
EL/PC cells. This excellent research mix involving an assembly technique
development program greatly benefited both programs. We used the PC
doping results of this program in fabricating 10" x 10" light amplifier
panels for the Army and we used the improved assembly techniques in
fabricating thick film EL devices in this program.

5.2 Sensitive Light Amplifiers

5.2.1 PC Materials Study

We began with three types of PC deposition material.
The first type was CdS. In all doping experiments with Cu and Cl as
dopants, the resulting films were sensitive to light levels of 5 x 10-3
ft-cd or greater but response times were very sluggish. Response time for
a CdS:Cu,Cl cell to reach 90%7 of its final conductivity was typically
minutes for a stimulation of 5 x 10"3 ft-cd. Also, this material was
very history-sensitive. After an hour of light stimulation for testing,
the PC cells typically had to be kept in the dark overnight to be able to
duplicate the results of the testing.
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We also tried using a mixture of 80% CdS and 20% CdSe
as a deposition material. When doped with Cu and Cl, films of this
material exhibit no long-term "history" effects. However, it was difficult
to include enough Cu in the films. The only way we could Cu dope with
any success was to imbed the films in a crucible filled with an overdoped
(Cu2S) CdS powder and fire the covered crucible in a N2 atmosphere at
4000C for times of 15 minutes to 2 hrs. This method would increase the
resistivity and sensitivity of the films. But the films are cloudy and
have poor uniformity. Subsequent doping with ICI gas further reduced the
uniformity but sensitivity was generally increased.

With the poor results of the previous two types of PC,
we returned to the material we have used for several years. This is an
80% C'dS, 20% CdSe finely divided powder already doped with Cu and Cl and
quite photoconductive. Before depositing this material, it must be baked
in vacuum at 600°C for at least sixty minutes to drive out the chlorides.
The PC films will not adhere to the substrates if this is not done. By
using this doped powder, the PC film received adequate Cu doping during
formation. Prior to this contract, we had attempted to Cu dope the PC
films by evaporating minute amounts of Cu during PC film deposition but
the results were always erratic.

Figure 15 is A plot of the PC cell conductivitios of a
2" x 2" PC array made with the pre-doped CdSSe powder. The bars
represent the ranges of conductivity observed by measuring 25 cells spaced
uniformly about the substrate. The straight line drawn through the plot
is the least squares fit to the data used in the simulation programs dis-
cussed in the Appendices.

This type of photoconductor can have its impedance
values at a stimulation level of 10-1 ft-ed varied by almost two orders
of magnitude by varying the amount of Cl doping. This feature allowed us
to use this same type of photoconductor in assemblies having TFEL output
layers.

5.3 Assembly Techniques

5,3.1 Thick Film EL Assemblies

Figure 16 shows a cross-sectional view of the structure
we use for thick film EL assemblies. This structure is basically the
same as we have successfully used for some time. The device is assembled
from the PC layer forward. The thick film EL layer is simply sprayed on,

5.3.2 TFEL Assemblies

This proved to be a very difficult task. We were able
to dope arrays of CdS.Se photoconductive cells to give us impedance
ranges compatible with simple "sandwich" electroded TFEL lamps. We had
great difficulty in successfully attaching our standard interconnect layer
to the TFEL lamp array. The interconnect layer is a glass-epoxy composite
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layer 0.003" thick which contains solid conductive posts on 0.020" center-
to-center spacing to connect the center electrode of each PC cell to the
rear electrode of each TFEL cell. Our fundamental problem seemed to be
that in the initial turn-on of the TFEL lamp array, there are always a
number of pinhole defects that must blow out and clear the short circuits
at those points. Some of these defects occur in the interface between
the TFEL lamp and the conductive post. It appears that these defects
enlarge to destroy the entire post-TFEL interface and then the entire
TFEL cell breaks down and the effects propagate (probably because of trapped
gases and heat) to neighboring cells. Eventually, most of the TFEL lamp
array is destroyed.

Our next approach to the problem was to omit the
interconnect layer. We fabricated the PC cells on a sheet of 0.003"
glass which had holes etched through the glass in the center of each
center electrode of the PC cell. We bonded this PC substrate to the rear
of the TFEL lamp array with the PC itself facing away from the TFEL.
The PC substrate then became the interconnect layer. Then thin film
through-hole interconnect techniques were used to connect the PC cell
electrodes to the TFEL lamp electrodes.

This technique showed promise. For this technique to
work, an opaque dielectric layer must be included at the rear of the TFEL
layer to prevent light feedback from reaching the PC layer. The best
thin film opaque dielectric layer that we made was made of Ge co-deposited
with Ge0 2. We have achieved 0.1% transparency (in the green) with a
film - 5,000A thick. The film has a resistivity of greater than 109 ohms
per square. The film contained - 15% excess Ge. We experienced problems
in achieving uniformity of resistivity of the films. The basic technique
seems to be that the Ce0 2 evaporation must begin first with the Ge evapor-
ation phased in slowly until the desired ratio of rates is achieved. The
usual results were that high resistance films peeled off in baking and
low resistance films adhered nicely. The problem seems to be in finding
the best evaporation rate schedule for getting both adhesion and high
resistivity. We could not complete this task before the program was
finished. So we fabricated a TFEL light amplifier using a thick film
opaque dielectric. This structure is shown in Figure 17. This structure
is cumbersome but it verified that the CdS,Se:CuCl photoconductor in
thin film form can successfully control TFEL sandwich cells.

5.4 Assembly Test Results

5.4.1 TFEL Assembly

A TFEL assembly built as in Figure 17 had response
characteristics as shown in Figure 18. The points plotted are the
averaged output of the assembly. Because of the sharp "turn-on threshold"
of the device, small variations in TFEL characteristics or PC characteristics
cause the vertical portion of the curve to vary over two-thirds of decade
of input values. We plotted the prediction vs. the average of several cells
since the prediction is an average of PC characteristics measured before
assembly. The discrepancy in the dark output for the assembly is most
probably due to halation from nearby shorted cells.
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5.4.2 Thick Film EL Assembly

A thick film EL assembly built as in Figure 16 had response
characteristics as shown in Figure 19. This assembly did not fit the
computer simulation. Investigating the discrepancy, we discovered that
the opaque dielectric layer in the thick film EL layer had been inadvertently
sprayed on too thick. This decreased the response of the EL layer and
consequently diminished the gain we had expected. This points up the
necessity for further development of thin film opaque dielectric layers.
The opaque layer should be minimized in thickness as much as possible
so that as much as possible of the voltage applied to the EL cell can be
across the EL material and not be wasted in the opaque layer.

5.5 Feasibility of Stacking Visible-to-Visible Image Conversion
Panels onto Other Panels

The final assemblies of TFEL and thick film EL image conversion
panels were not finished in a form compatible with actual stacking of one
onto another because of electroding problems.

Preliminary simulations have been performed using our best
CdSe - thick film EL combination from the previous contract and data we
have from previous visible-to-visible inrage converters. The resultant
combination would have an output of less than 10-3 ft-L for an input
of - 8 x 10-6 w/cm2 and an output of - ' ft-L for an input of - 2 x 10-5
w/cm2 . The usable contrast ran'e is very narrow which makes the device
almost a saturating threshold t,'pe image converter. This type of perfor-
mance is due to the fact that both CdSe and CdS PC/EL image converters
have a ratio of output/input that increases rapidly to saturation as a
function of input. When two of these ratios are multiplied together
in a "stacked" device, the resultant ratio yields and input-output curve
that resembles a step function. Figure 20 is a plot of the IR input
vs. output of a simulated device.

There are two methods to overcome this lack of gray scale
range. The first technique %s to develop photoconductors which have
smaller conductivity change per unit increase In input radiation than the
present photoconductors used. Past evidence indicates that some improvement
can be made in this area.

The other technique is to make use of the variation in input-
output properties of the EL/PC devices as frequency of voltage is changed.
Figures 21 and 22 illustrate how the input-ovutput curves shift with
voltage and frequency variation.

We are attempting to determine whether the easily implementable
techniques of amplitude modulating and/or frequency modulating the driving
voltage of the image converters will effectively expand the gray scale
range. The basic idea is to time share the different input-output curves
within the limits of the integration time of the eye so that for a fixed
input level a non-flickering image is perceived.
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Toward this end, the computer simulations developed under the
previous contract were "streamlined" and expanded to assist in easier
reduction of greater quantities of data. The multi-frequency driving
techniques being studied under a concurrent ONR contract have been simu-
lated for an equal mixture of three frequencies and is plotted as the
dashed curve in Figure 23. This driving technique has been experimentally
verified.

Figure 24 is the same driving technique used with a simulation
of the same CdSe as Figure 23 only using TFEL for the output lamps.
Again the three frequencies shown were mixed in equal proportions in the
composite simulation.

It appears that if the output of the final image conversion
panel is to be viewed and analyzed by the human eye, then the slope of
the light-in vs. light-out curve of the final panel can be effectively made
unity. This will avoid shrinking the response range of a cascaded
pair of image conversion panels.
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6.0 IR-to-Visible Image Conversion Panels

6.1 Introduction

Under this task we were to continue development of the IR
sensitive CdSe-thick film EL panels we worked on under the previous
contract (N00014-70-C-0213). We were to also extend the work to using
TFEL as an output media. Also, we were to investigate the feasibility
of placing a visible-to-visible light amplifier panel on top of an IR-
to-visible image conversion panel. In this way, rather large conversion
gains might be realized for the cascaded pair of panels.

6.2 Results

We finished the last program by using a CdSe PC cell array
which was made by depositing pure CdSe onto an etched molybdenum electrode
array (see Figure 1) on a subgtrate of 0.003" thick glass. The CdSe
was doped with HCI gas at 400 C for 18 minutes.

Our first attempts at improving upon this technique was to dope
the CdSe powder with CuC1 2 solution, sinter in vacuum, regrind the powder,
and use this powder as deposition material. The Cl would mostly escape
during sintering so the deposited films were doped with HCl gas as before.
We were never able to get reproducible or uniform films with this process.
Small regions of some of the films were extremely sensitive but uniformity
was very poor. Vacuum annealing of the CdSe films before Cl doping
didn't improve the results.

Next we tried depositing pure CdSe, - 10,0001 thick and then
depositing approximately 101 of Cu on the CdSe films. The 104 of Cu
was deposited by an extrapolation method. First ribbons of Molybdenum
with a known thickness of Cu were used as flash evaporation sources and
the thickness of the resulting deposit was measured. This measurement
gave us a source film to substrate film ratio per unit area of the 1ource
ribbon. From this data, we prepared ribbon sources to give us a 1017
deposit on the CdSe. The CdSe films were then baked in vacuum at 400 C
for 1 hour to diffuse in the Cu.

Again, the resulting films exhibited very poor uniformity.

Next, we attempted to improvc upon a procedure that was first
tried under the previous contract. This procedure was to imbed the
CdSe coated substrate in a finely ground powder consisting of 98% CdSe,
1% CuCl and 1% NaCI as a flux. This combination of imbedding powder and
substrate was then placed in 0 a closed crucible and baked at temperatures
equal to or greater than 350 C for various periods of time. All attempts
produced films with very non-uniform response. We substituted CuaS for
the CuCls and used various amounts of NaCl and many combinations of baking
times and temperatures. No impro'-ement in uniformity was noted. The
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literature had many excellent descriptions of techniques similar to this
being used with good results. However most experimenters reported a
large class of different types of recrystallization phenomena seen when
using this imbedding technique. We deduced that most previous experimenters
had used rather macroscopic electrode sizes and spacings when measuring
the response of their resultant films. We have found that we can only
use electrode gaps of ~ .0015 to - 0.004" in the simple square "moated"
electrode pattern (see Figure 1) and achieve proper ranges of cell
impedance. The best conclusion we can draw from all the unsuccessful
doping-by-imbedding experiments is that this technique is unsatisfactory
when using small electrode spacings and buried electrodes.

We then returned to trying by other means to get a CdSe film
properly doped with Cu and with Cl as a co-activator. Knowing that using
a pre-doped powder for film deposition yielded good results for visible
light photoconductors of 80% CdS and 20% CdSe, we again attempted to
duplicate this technique using only CdSe doped with Cu and Cl. Initial
results from using the pre-doped powder were disappointing. As a point
of reference, though, it took more than six man-months of dogged effort
to develop a reliable technique for depositing the pre-doped CdS,Se film.
The first few pre-doped CdSe films exhibited poor adhesion in patterns
very reminiscent of the ones seen in early attempts with the CdS, Se films.
However, we did not have 6 man-months of effort left in the program at
this time.

At this time, we decided to see just how IR sensitive our
green-sensitive CdS, Se films were. A good green-sensitive thick
film EL with CdS,Se:CuCl assembly was tested on the IR source and we
received a pleasant surprise. It was ds sensitive as was predicted
for the best cells of CdSe:CuCl that we had occasionally found on some
substrates. We had never thought to measure the IR response of the PC
for this assembly. Figure 25 shows the response of this assembly to
near IR and for comparison, the best assembly that we fabricated under
the previous contract.

Following this lucky turn of events, we then tested a TFEL green-
sensitive test assembly on the IR source. The results are shown in Figure
26. Again the PC used in this assembly had not been characterized with
IR stimulation.

It now appears that the shortest development route to the
best IR-to-visible image converter is to modify our CdS, Se:CuCl deposition
powder by changing the ratio of CdS to CdSe in small increments until
the best IR response is found.
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7.0 General Ptsults, Conclusions, and Reconmmendations

1) We.expanded modelng techniques to facilitate parameterization of
materials, to investigate more complex forms of excitation
waveforms, and to simulate the cascaded operation of various
potential PC/EL candidate systems.

2) TFEL developed to point where can fabricate in useful
brightnesses (> 50 F-L) for useful lifetimes (- 1200 hours);
test assemblies have been sticcessfully integrated with photo-
conductors using these films in mosaic form.

3) Visible: P/C has been developed which, with useful uniformity
over large areas, is capable of controlling output for input
values around 5 x 10-4 foot-candles. ?eak optical gains of the
order of 500 have been achieved using thick film EL outputs
(Figure 17), and of the order of 3,000 using thin film EL
outputs (Figure 18).

4) IR (Figure 25): Response curve moved down 2 orders of
magnitude aith useful response now available at 10-6 w/cm2 .

5) UV: Unsuccessful in obtaining photoconductors with useful
characteristics, in terms of impedance and voltage levels
required to control series EL mosaic cells, witb measurable
sensitivity in the UV spectrum.

Recommendations:

Further studies of electroding and interconnecting TFEL would be
required before mosaic arrays with the brightness and contrast required
for high-ambient displays, such as avionic systems, can be realized with
practical geometries and useful yields.

State of the art, in simulation, analysis, design, and fabrication,
has developed to the point at which specific applications in IR and visible
image emplifiers, image conversion panels, and opto-electronic logic
can be evaluated using simulation techniques. In those cases where a
simulation shows predicted useful performance, fabrication techniques
have been perfected to the point where we can predict the feasibility
of realizing a useful structure.
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APPENDIX A

IR PROGRAM AND PLOT SUBROUTINE'

Al. Introduction

The IR Progrnm is written in FORTRAN IV and is used on a time
sharing computer network with a remote teletypewriter terminal. The
input files and keyboard inputs and the styles of data output have
all been programmed with ease of data handling for the designer in
mind. The details of the equations used in the circuit analysis are
given in Section A2 below and a detailed description of the prdgram
itself is also given. In addition, tables of all the input parameters
and a Tform of useful data sheets for these input parameters are given.

A2. Circuit Analysis and Solution Procedure

Figure Al shows the form of circuit that this program solves.
It is only a series parallel combination of resistors; however, the
resistors vary nonlinearly. We treat this circuit as an almost
linear circuit. The voltage across the EL cell isi given in rms form
by. the equation:

V2 - Vo 1 Z2 f Equation Al
Z1 + Z2

where Vo is the rms applied voltage, Z1 is the complex impedance of
the photoconductor, and Z2 is the complex impedance of the EL cell.
For simplification:

let S1 - w C1 and S2  u) C2

then Z1 . 2j - JSl2 - PC ImpedanceGI,÷ iS1  Ol S12
G1+1 G2 + JS 

Equation A2

z 1 - JS2 - EL Impedance
SG2 + j3 S2 G22 + S12

Taking the absolute values, we have:

11Z1 2 - (G 12 +S1212z 2o 2 lZ-1

IZj 2 . (G22 + S221 Equation A3

Z 2 . (G 1 + G2 ) 2 + (S1 + S2) 2
1z + 2  0 - 1 2+ S21) (G2 2-+ S2)
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Putting these values in Equation Al, we have:
'-- • G2 +I2

"V2 Vo G, + 2 Equation A4
GI + G2)2 + (S + S 2

To help in simplification in terms later on:

•iii" etC S oePG GI
letp ! note 1 - 1 Equation A5Cl SI wC2  WC1

Using this simplification, Equation Al becomes:

tpGl 2

- 2 m0 pG 2 2 Equation A6
1P(G1 + G2) + (I+p)

Solving similarly for V we have:

/PG2

(2 

2

V:LVo G Equation A7

I ___2) 2n+ (1+ p)2

C2

Also, for the ratio of voltages of the EL to the PC hlement, wehave:

v~ +1! V2 (oC 2) Equation AS
P( G 02) 2 2

a-3



The photoconductor conductivity G1 is usually described by an

equation of the form:

GI U(U d +0) V I Equation A9

Where U is a dimensional constant, Ud is a dark conductivity term,
L is the input radiation, and s and r are constants. For complete-
ness, the leakage conductivity of the EL is usually found to be best
fit by an equation of the form:

Gg - H W exp(b(V2 )) Equation Alb

Where 11 is a dimensional constant, and A and b are constants. Usually
b is very small so in the computations that follow, we neglect the
voltage dependence of G2. Strictly speaking, if one were to have a
largo b value one should modify the derivation that follows to include
this voltage dependance in G The final thing to be calculated is
the brightness of the EL. Tihs brightness usually has a functional
dependence as given by:

CL IA

B - D F• CXI) ( Equation All

Where D is a dimensional constant, F is the driving frequency, a and
A are constants. Taking Equations AD and A10 and substituting in
equation Vl, we have:

ii - U(Ud + Ls)(f(Gl))r-1 Equation A12

Where f(GI) represents the right hand side of Equation A7. In solving
this implicit equation, we now need the services of the computer.
Equation All is of the form:

, f(G1 ) Equation A13

This equation cnn be solved by Newton's iteration method.

Basically, this method finds the zeros of a function of the type:

y - f(x) Equation A14

By repeatedly doing an iteration of the form:

Xn+l " xn -(Yn/y'n) Equation A15

a-4



To get faster convergence, we used the second order form of this
iteration equation as given below:

Y(Xn) + Y(Xn) Y' ,(Xn) 1
Xn+1 " xn - y-rXn) [ + J Equation A16(2y'(n)

After the iteration is complete, the value of G is used in Equation
A6 to get the rms voltage applied to the EL cell. The actual equations
used in the second order iteration are very long and are contained in
the iteration calculation section of the IR Program.

A3. Description of IR Program and Plot Subroutine

"IR is written in FORTRAN IV and is used on a time-sharing
computer system through a standard teletype terminal. Figure A2
contains a listing of IR. Figure A3 contains a listing of PLOT.
The time sharing system it has been used on has excellent file
editing capabilities if the file contains line numbers. The first
field of numbers on a line are the line numbers. The second field
of numbers is the FORTRAN statement number field. The "*" are for
comment lines. The program is liberally laced with comments as to
the function of flags and switches and the purpose of a group of
statements. In the program, the values of input radiation are
referred to as "steps". Unless problems with the PC conductivity
iteration are encountered, the input radiation as incremented as
integers times powers of ten i.e., 1 x 10- , 2 x 10-6, 3 x 10-6,....,
1 x 10-5, ...... . If,for example, iteration convergence is not
obtained for an input step of 9 x 10-4, then jhe input radiation
value is "backed up" to 8.1 x 10-4 (8.0 x 10-" would have been
successfully used). If iteration convergence is still not achieved,
the input radiation is "backed up" to 8.01 x l0-4. If convergence
is then achieved, the Input steps are then 8.02 x 10-4, ..... ,
8.09 x 10-4, 8.1 x 0-", ....... 0, 8.9 x 10-4, 9 x 10-4. When the
program is working in one of these modes, the terms "back up" or
"small step" appear in the comment lines.

A feature which might be overlooked upon first glance at the
program or the block diagram is that whatever form of data output
is chosen, the program computes a value of light output for zero
radiation input for every voltage and frequency. This computation
is done at the beginning of every input light loop.

The linearized circuit equations discussed in the previous
section are utilized in the program under the comment "iteration
calculations" and at line 1260 and line 1300.

Table AI lists all the parameters for the data files, the file
numbers, and gives a brief description of the parameters.

If desired, the resultant data may be written into a data file
defined at program execution time.
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Figure A4 is a block diagram of the IR program. This is not
a flow chart. It is meant to be used as a guide to finding one's
way through the program in addition to providing a brief overview
of the operation of the program.

Figure A5 is a data sheet that has been useful to the computer
operator when using the program and it contans the format specifi-
cations used in the files.

The subroutine PLOT plots logarithmically the light output
versus the radiation input. The abscissa is not internally scaled
and accepts only the fifty-five "normal step" values generated in
IR. The ordinate scale is controlled by the variable LP which
allows a vertical scale on the teletypewriter of six orders of
magnitude. After the plot, 3 lines of data identification will
"be printed if they were included in the data files. This subroutine
is used with several other programs that are described later.
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PAGE I

IR PROGRHAM

20 *IMAGE INTENSIFIER* G=U*CUD+T**S)*CVl**CR-1*0))
40 * CHOOSE TYPE O)F ~UUPUTi KKK=1. DATA TABLE
60 * KKK=2p PLO~T ONLY
80 * KKK=3,o DATA TABLE AND PLOT

100 DIM4ENS1'IONJ P(5).V(5)oFR(5)
120 DIMENSIO~N TT(19j5)aB8C19.,5)
130 CUJMMWN Il.aBBPLP
140 DIMEN~SIOJN GVU)LC55)
160 DIMLNSIWJN DV(3)PAVC3)*VEAC3)PALFC3)
180 CALL DEFINE(1.3HE:LP
200 CALL DEFlNEC2p3HPCv)
220 CALL D!EYINEC3#6HKNUBS*)
240 CALL D FINECA.6H~iRITE)
260 KILLD=0
280 KKK=2
320 READ (2#1) Rp So U., UD
340 IF(IEUF(2).NE.1) READ (2o552)
360 552 Fk~hMATC ' 9)
380 kEAV(1.2) C
400 READ (1,901) AALF'D DD# AA
420 IFCIEJF(1).NE.1) NEADCl.551)
440 551 VFJRMAT( '
460 READ (3#4) CV(J)p J1,#5)
480 READC3.-4) CFH(K)* K=1#5)
S00 RF.AD(4#106) (VEA(I),Is1,3)
520 REAU(4*106) CDVCI).Il=1.3)
540 READ(4P106) CAV(I)oI=l.,3)
560 kEAD(4.106) CALF(I)*I11.3)
580 IFCIEJF(4>.NEal) READ(4#550)
600 550 FOJHMAT0
620 WRITE(9p811)
640 811 F(ORMAI'C/'CR7EAI'E A DATA FILE? 0uN0, 1.YES'/)
660 kEADC9#812) KD
680 812 FURMAT(I1)
700 IF(KD*EO#1) WRITE (9*813)
720 813 FORMATC/*SUPPIRESS UTHER OUTPUT? 0uzJO. I=YES'/)
740 IFCKD.EG*1) HEADC9PS12) KILLD
760 IFCKlLLDsEO.1) GJ 1*0 701
780 WRIIEC9.#107)
800 kEADC9#999) KKK
880 705 FOR1MATCI110)
900 701 WkvITEC9#997)
920 READC9*996) CSHUNT
940 CSHUNTzCSHUNT*t.0E- 12
960 WkITEC9#5)
950 READC9#996) TBEGIN
990 LPsALOJ610(T6EGIN)
991 IF(KD.EO*t) WRITEC5#792) LP
992 792 FORMATC12)
1000 WRITE (9#101) iR.S#U#UD IFigure A2
1020 WRITEC9#102) C~ Pag 1 of IR Program
1040 WRITEC9#902) AALF# PageA
1060 PC I )sC/CSHUNT
1080 WHITEC9#3) PCI)
1100 WHITE C9#104) V
1190 WRITE C9.105) FR
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PAGE 2

IR PROGRAM

1140 I1RITE(9,0517) DV
1160 WRITi.(9,,518) AV
1180 Wh',ITEC9,519) VEA
1200 tW,&ITE(9,520) ALF
1220 * NVT=2 PUT G VALUES INTO GVJL(L) ARRAY
1240 * NVT=1 USE UVUL(L) AhINAY FOR G IN IMPEDANCE CALC.
1260 IF(ABS(R-1.).LE..1) NVT=2
1280 * 'NCK' SAVES LAST 'L' INDEX OF INPUT LIGHT
1300 * LOJU? IN CA-;E OF SATUHVATIIN BREAKOUT
1320 NCK=0
1340 * INVTCK' USED AS SWITCH TO STATEMENT 581 IN CASE
1360 O JF II.'iATI-XO DBLUW:UP I,' HEN CJOIPUTING GVUL(L) VALUES
1300 .' USING OJTHi,' THAN FIRST FKEO., VALUE

I_12) * SET 'IVE' TO FIRST SECTION OF B VS V EL, CURVE
"1440 1VE=I
1/- "()I=
14C80 * VULTAGE VALUES DO LOOP
lbO0 DJ 68 J=l05
1520 IF (V(J)-0.0) 99, 99, 10
15/t0 10 CUNTINU'-
1560 * PLiT N•N-ZEhO,) VALUES IN INPUT.90UIPUT LIGHT MATRICES
"1580 DO 516 LM=lu191600 DJ1<515 l.J I, 5
1620 iT (L(<it LL,) = I • E- 7
1640 515 3BCLN;,)LL;A)=1,E-7
1660 516 C jN'tI1NUE
1680 * FREOULNCY VALUES DOJ LOOP
1700 00 77 K=i,5
1720 * SET LIGHT LOOP IER•INAL PARAMETER
1740 IDK-*1
1760 IF(F'CK)-00)89*89p6
1780 6 COJNTINUE
1800 IF(KILLD*E0.1) GO TO 815
18PO VksITE (97) CI4(l), V(J)* FR(K)
1I.E40 815 CONTINUE
1860 301 COJN'lINUE
1880 * PRINT C,.L!jUN HEADINGS
1900 IPCKILLD. E0.I) W TO 922
1920 IF(Ir(*.EO,.1) UJ W1 991
1940 60 1•0 (921*92'2,921), KKK
1960 921 W-;ITE(9a12)
1960 929 CONTINUE Figure A2
2000 * LET FIRST LIGHT VALUE Page 2 of IR Program
2020 T=TBEGIN
2040 IF(IDK.EQ.l) T=0.
2060 * SET VALUES FOR LUG. INPUT LIGHT VALUE GENERATO)R
2060 LTnALv)(1l0(T1REtIN**99)
2100 ILT"O
2120 * SET MAIN PRINT COUNTER
2140 NaO
2160 * SET VPC AND VI FIk) ENTERING LIGHT LOOP
2180 VPC=V(J)/4,0
L-200 V1 V(J)-VPC
2220 * SET SUBSCRIPTS FOH FIRST INPUT#JUTPUT MATRIX VALUES
2240 Ils0

a-8



PAGE 3

IR PROGRAM4

2260 KK=0
2280 *INPUT LIGHT LOOP
2300 DO 15 L=IPIDK
2320 *INPUT LIGHT LOG STEP GENERATO~R
2340 ILT=ILT,1
2360 GkJ TOr (5p3-3P3o353 3#3p3p2,ILT
2380 52 LT=LT'+1
2400 ILT=I
2420 53 CONTINUE
2440*
2460 *SET ITERATIONJ BLOWUP COUNTER
24~30 m.A
2500 AUVANCE NORMVAL LANGE LIGHT STEP PRINT COUNTER
2520 N=N~+ 1
2540 *SET SMALL STEP PR~INT COUNTER
2560 MMIM= I
2580 * EEI0JTER. FRJMJ SUCCESSFUL SMIALL STEP CALC*
2600 51 CONA'TINUE
2620 * SET I'LEiA1TTON COUN~TER
2640 i4=0
2660 * ENTER ITERATION LOOJP ON SMALL LIGHT STEP
2630 87 CJNTINUE
2700 IF (L-1) 23,9 23p 22
2720 22 VPC=V(J)-VE
2740 VI.VE
2760 23 CONTINUE
P780 *CHECK VOiLTAGE DEPENDENCE UF CON4DUCTIVITY
2800 IFCABsikh-1.).ur..I, GJ TO 663
2820 60 'TO (867,9863),NiVT
2840 867 IFCL.GT*NCK) GO) TJ 863
2860 G=GVkiLCL)
2880 60 TO 864
2900 863 (i=U*(U94.T**S)*CVpC**CR..1.))
292U 864 COJNTINUE
2940 *NORMAL ITER~ATIO~N REENTRY
2960 8 CJN'TINUE
2980 * COMPUTE IMP~EDANCE OFW PC IFigure A23000 YI=P(I)*(6/(6.2d*FH'(K,*G) Page 3 of IR Program
3020 *AUVANCE I1ERATIJN C'JUNTER
3040 Mnei4
3060 * COMPUTE 1/H OF EL
3050 Y2 G=UD*CFR(K)**AALF)*EXP(AA*(VCJ,..Vi))
3100 * COMP*UTE POW~ER FACIOR
3120 Fl/OiCC62*CK*)YG*2+o
3140*
3160 *ITERA1*ION CALCULATIONS
3150 Y2aPCI"1*PF/SGRTC1.-PF*PF)
3200 YuYley2
3220 Zw( 3 .P(£) )*C I *+PCI))
3240 VIUVCJ)*SORiT((Y2*Y2.p(z)*Pc)),/cY*Y+Z))
3260 6I'U*CU0.T**S)*Cy3 **CH- Is))
3280 D1F'G=nk-) *)*P( I)*GI/C6e28*IdRCK)*C*CY*YeZ))

*3300 DI~((IGPI/o8FýK**)+2*-IG*()Y
3320 4 DF)/62*kK**YYZ)/l+DF/1,
3340 6DsCGI-G)/C-DIFGi-3.)

* 3360 G2aG-CGD)*( I .(CGD)*DDIFG),#(2.*C..DIFG-..,
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PAGE 4

IR PROGRAM

3380 *CONVERGENCE TEST
*3400 ESC=AbS(((2-G)/GP)

3420 LI- *fJ (511.,512*513), 1MM
3 440 511 lF(ESG-0.O1) 20P 20.* 13
3/460 512 IF(ESC-O.02) 20, 20,s 13
34t;0) 513 1F(E-bU0.05) 20.p 20. 13
3500 *VALUEi' F01" NEXT I~IERATION
3520 13 6=62
3540 IF 01-500) 66.p 66, -44
3560 66 6 -0TU 8
3580 *END OF. ITLPNATIUN.P NOJ Ci4VEkGFNCE
3600 *TRY i-DVA.NCING LI GWIV INIPUl' 13Y 1/10 PREVIJLJS STEP
3620 44 UJ 10(8 31 2.
364U Fik~S*T BCKLr'r, Moi'l
3660 43 '-(1.;L)09
36U0 Mvj0
37002
3720 A
3740 NV T=2
3760 GOJ TOJ 37

*3780 * ECUNDJL E3ACXUP', tMM2I=
3600 131 1*=L'-(C10.0)**LT)*0*o9)
3820) M=0
3840 iil
3b60
3680 MINIM..2
3 ,0 0 CJ T1U 37
3920 * TF~fATIUN'. HAS CJNVE1R6ED
3 940 20 CIJNTINUE
3960 * CO-MIPUIE OUTPUT VARIAB3LES
3950 Y3=P'(I):;,G2/(6.2s6*Fi.(K)*c()
4000 VE~lV(J)*sORfT( CY3*iY3+1 .0)/((Y3+Y2)*CY3+Y2)+Z))
4010 DO 161 ll=1,93
4020 IF(VE-VEACI1l) ) 182.*181.9181
4030 182 IVE~I1
40 35 GO TJ 183
4040 181 CJNTINUE
40b0 15l,3 CUN T I NUL,
4060 400 DVLJiL=A-LUG(DVCIVE))
4050 1FLJG=ALý(1VE)*(ALUGCFfl(K)))
4100 kELJS--JiT(AV( lVt:/VE~)
4120 EVL0L7=DVL06c+FLJ6-E:L0U
4130 IFULWG*LT,--23o026) T3L'JG:-23@0fl26
4140 E5=LX0SL)
4180 * SM1ALL STEP~ PRINT CHECK
.14200 Ud TJ (393. 396. 395. 396. 395, 3VI6s 395.*396,p395.39/4)a MMM
4220 396 WV1RlE(9#11) Tp B,9 VE* G2
4 24-t0 395 CONTINUE
4260 60 TO (393#397,,398)o MM
4280 398 1*uT+C(10*0**LT*)*O.01) Figuro A2
4300 6k) TO) 39 Page 4 o.' IR Program
4320 397 T=T+CCIO.0**LT)*Oo.I) ____________

4340 399 %jMMuM(M+ I
4360 MOO
43(10 GUJ 1* 8 7
4400 394 G0 O (5C71#572o573).FMM
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PAGE 5

IIR PRO~GRAM

4420 573 T=T+CC1O.**LT)*.OI)
4440 MMM=NNN
4460 MM=2
4480 GO TO 571
4500 572 1'T+((10O**LT)*1I)
4520 MMM21
4540 MM=l
4560 G6 TO (571,581)*NVTCK
4580 581 NVT=!
4600 5'11 GOJ TO 51
4620 * END OF SMALL STEP CALC.
4640 * MlAIN S1EP PRINT CHECK
4660 393 CONTINUE
4680 IF(IDK*.EQ, )G0 TO 951
4700 IFCABS(R-I.).GT..1) GO TO 862
4720 GO TU) (866..869).NVT
4740 866 IF(L.LE.NCK) GJ W') 862
4760 869 GVJL(L)fG2
4780 862 QO TO (96.96*15.15m96.15,15.15598).*N
4800 96 CONTINUE
4820 GOJ TO (693o930,930), KKK
4840 930 CWNTINUE
4860 11=11+1
4880 JJ=K
4900 KK=KK+.
4920 LL=K
4940 TTCII..JJ)=T
4960 BB(KKLL)=B
4980 IF(KD.EOI.) 6RITEC5*810) B*T*VCJ).FRCK)
5000 810 FORMA1(4EI2.4)
5020 IFCII-19) 693#692p692
5040 692 II=O
5060 KKwO
5080 693 CONTINUE
5100 GO TO1 (951#950,951), KKK
5120 951 CJNTINUE
5140 IF(KILLDsE0I) G6 TO 814
5160 WRITE(9uil) To Bo VE. 62
"5180 814 CONTINUE
5200 IFL(IUA.EO.I) 60 W 300
5220 950 CUNIINLE
5240 * BkEAKUUT UF LIGHT LJOP IF OIUTPUT IS SATURATED
5260 IF CL-I) 232# 232o 231
5260 231 IF CCVE/V(J))-0.995) 232o I11# III
5300 232 CJ.NJTINUE
5320 98 IF ,N-9) 612. 611s 611
5340 611 N=O FIGURE A2
5360 612 CUNTINUE .Page 5 of IR Program
5380 * END OF LIGHT STEP LOOP
5400 15 T=T+(IO.O**LT)
5420 IDKwI
5440 NCKw55
5460 GO TO III
5480 , CHANGE LIGHT LOOP TO FULL RANGE
5500 300 IDl(m55
5520 G0 TO 301
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"PAGE 6

5540 *ESCAPE FROUM LIUHT LUOJP (SATURATED OUTPUT)
5560 111 CONTItNUE
5580 NVI* I
5600 NVI2CK=2
5620 IF(NCK.EQ*55) GO~ TO 63
5640 NC01<=L
5660 63 CON II NUE
5680 GO~ TO 77
5700 *NI: ITEfRAI1U-N CONVEIRGENGE F01? THIS FRE0.opVOLTAGE
5720 132 t- RTE(9,o33) ESC
57-140 * END OF FEYJ0 DJi LOOP
5760 77 CJN TI NU E
5780 89) (JN I INU E
"8G00 Gj TO (9--'.0p941p941)., KKK
5820J 941 (XON'l iUE
5840 V ALL J'LOT'LING SUBR.
58360 IF(KILLD.E~'.I) GO' 10 940)
5880 CALL LO'GPL
5900 VEI'h;C9,5b2)
5920 V, iXITE (9 * 55. )
5940 WkI'TE(9PS50)
5960 940 CONTINUE
5960 N VT =2
6000 NCK=O
6020 NV'ICK=I
6040 * END) k1 VOiLT DO LbOP
6060 88 CtlIJTINUE
6080 99 C,.,NTIiUE
6100 *
6120 *FORMAT STATEMENTS
6140 517 FUFW1lAT('DV = '.3(WLE8o.22X))
6160 12 FI'%1.AT('t,<ATIb/Ci-',2'.,2X,'LIGHT OLJT'o4Xp V EL'.06XO PCOND,)
6180 11 FUj)'AAT( IP1h/E10 o2)
6200 I FO POATC(/4E 15,2)
6P20 101 FitiýMAT (// A.X RX=. IPE.10 92p4H S=.E10.2,,4H U=,1PE10.20
62-110 + 411 I.ID=,*I FE 10.2)
6P60 2 VO 1-ýMA C E 15 -6)
6260 102 F~U p'. NA T C' G='upIPEl.2)
6300 901 VO i- 1A 1(3 E 15 e6 )
632U 902 (5~Ai (iA'%ALF=.p ik') 9. 2j 414 DU=, pIPE 102.2 4H AAM E 10 2)
63/10) 3 F10 RoiAT C 'CAP~ R~A TIJ= lo 1Pib 9 2)
6360 516 F'i6,'iAT( 'A =
63bo 4 Fý, 1A TC(SF 10 oI
6400 104 F(W,-'AT C(I0)l V APPL= *5F10.1)
6420 5 1ý 0:-MATC BiEU2 INNJ 1,46~ INPU1 HAD* V/
6440 105 F0 AT (10 H F t.i-C = p5FIO9l)
6460 7 kJ1SMAmO1HCAP siATI0=#6oID10H V APPLx#F6.,I#
6430 + SH FXE0=.'F7*1)
6500 33 FORMAT(HESCo1PE20*8)1
6520 106 Fi~l4i'1ATC3E16#2)FIUEA
6540 107 I"OJ1.1ATC TYPE 912" IF PLJT IS VE!'IKED'/ PagRe A2fI Porm6560 + 'TYPE "I" IF ONLY DATA 15 Pag 6 f I Prgr
6580 + $lYPE 1131 IF 1.5TH.UATA AND PLOT ARE DESIREDI//)
6600 997 V01LMAWT(1YPE PC SHUNT CAPACITANCE IN PF'//)
6620 996 FokM'ATCEt6,2)
6640 999 Fj.M~AT( I I
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PAGE 7

IR PROGRAM

6660 519 FOFMAT('VEA -'3(IPE8.2s2X))
6680 520 FORMAT('ALFi= a3CIPES.2*2X)/)
6780 STOP
6800 END

i FIGURE A2
Page 7 of IR Program
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PAIGL~ I

kPLUT SUBI-OuUTINEi

20 SUBNJUUIiNk.L~+

80 CU X~~JX.. YY, LP
100 * CHJJSi,. PLUfTL\IC, S;YiMIDLS
I M0 DAIA I3LANJ</1H /,DLxd/IH*/,X/IHX/
14~0 WVIA PLJ1/1HI,, 1H2o H3a 1H4, H5/

(Jo * LAI'',,L TiHE PLiJ'i'
ISO 1i1hc9op01)
200 201 F -01 AT(//0 H LIGHT OUJis FT L
2 20 207 1-ATE C c),6 0Ci)

126 0 + I' 1 11;X, '104.1 1.06x, I0 + 2

)"M*F iNIT LEJ, T WLE
300 99 C;iflh'NIJUW

320 DUI 101 Nr~1,61

360 101 C ')N TJ NLI
3V 0 602 D.) 6C5 I"197

420 LINECLIN4)=X
440 60!) 0J'\LJNU

500 -*: LLiANK T11,Ai L I,-'FE

540 1.L1 oj r( I n)A'4ri-ý
560 103 CJ T fN L) E
580 * IE ON'LY lo,' 12,5,10PE:TC O'N X-AXISi2-=2.,5=4,1(W6
600 * CLW')U'UEE YY J))INTS
620 OD 105 K=1A19

f 140 DJ 104 L1,p5
660 lFCYYCK.,L)0-j***EL-7) YYCi,%,L)=.E-7
680 Y(L)=AL0L7I0(YY0(.*L))
/00 222 YY (IlkL)=Y C...)10 + 41~

740 105 CTINUE

760 X AXIS :SLLPj Ljflp

7W DO 10'I I:,1,11)
800 M AKE i: UtLL INC ).1S LJLANK
$20o LXIj 120 N16
840 LI N E( ON)= L AN X
660 120 C J,IT I i\< E
683U * L.'AU IN PL0IIINU ~JI1JSIN COI'adiCT JIOLIT106
900 1 CHECKvO
9 2,0 1)0 106 J=1*5
94U1N)y .J
960 IF' (N-0) 106, 106, 103
980 1 Ot IF (N-61 ) 1 09s 1 09.p 106

1000 109 LINE(N)=PLJ1 (J) 1FIGUIRE A3
1020 ICHECKICHECi(+1 PAGE 1 of PLATPoGRMLjJ
1040 106 C.)NTINJUE
1060 LINE( I)=L)0T
lObo * SLLEC1' HJRIL. P01*0ITION
1100 GOJ TO (10*.111. 112.ol? 11 4, I 11 1* 1 l 4122I 114a 1112. II4. I ii112.
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PAGE 2

PLOT SUBHOUTINE

1140 * PLOT 2
1160 111 IF'(ICHECK-0) 400, 400s 411
1180 400 WRIIE(9,402) LINE(1)
1200 402 FORMAT(IH./IAI)
1220 GiJ TO 107
1240 411 IC=61
1260 DO 70 IV=1I61
1280 IF(LINE(IC).NEsbLANK) GO TO 80
1300 IC=IC-1
1320 70 CO&'NTINUE
1340 80 CjNlINUE
1360 b03 JRI'lE(9,403) (LINE(NNN)p NNN=IIC)
1380 GO TO 107
1400 403 FdfOL'IA'A(IH,/61AI)
1420.* P•LOT 5
1440 112 IF(ICHECK-0) 400P 400. 412
1460 4i12 IC=61
1480 DO 82 IV=i,61
1500 IF(LINE(IC)NEBLANK) GO TO 84
11-:20 IC=IC- 1

1540 82 CONTINUE
1560 84 CONTINUE
1580 6RITE(9(,404) (LINE(NNN),NtNN=I1IC)
1600 404 FORMAT(IH,/61AI)
1620 60 10 107
1640 * PLOT 1o 10p ETC.
1660 114 LINL(I)=X
1680 LINE(61)=X
1690 LP=LP+i
1700 IF (1-19) 443p 445, 445
1720 443 CONTINUE
1740 IFCICHECK-0) 400p 400p 444
1760 * RIUHT BDJDER DECADE MARKERS
1780 445 DO 714 IDUMwI,7
1800 LIN=1+I0*(IDUl"-I)
182U LINECLIN)=X
1840 714 CONT'INUE
1860 713 WRITE(9*301) LINELP
Ib80 301 FORM•AT( IH,/61AIs, ' I*OE's 12)

1890 Go 10 107
1900 444 CJN'|INUZ
1920 511 WRITE (9peiC5) LINEPLP
I ,40 4U5 FuhMATCI' H./,"'IAl #' I OE'o 12)

1960 107 CJJNTINUE
1970 LP=LP-6
1sfb RETUIRN
2000 END

IFIGURE A3

LPAGE 2 OF PLOTROG-AM
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TABLE AI

Input Parameters for IR Program

File Input

Name Device Variable Comments____

EL 1 C Capacitance of EL/cell

AALF Frequency dependence of EL leakage

conductivity. GEL c (Freq.) AALF

DD Dimensionai constant (H) for EL leakage

conductivity (EL conductivity is in

mhos)

AA Coefficient 'b) of voltage dependence of

EL leakage conductivity. GEL OC

Exp(AA* (Voltage))

(Optional) 30 character line for data identification

PC 2 R Exponent of voltage dependence of PC

conductivity.G PC OC (Volt)R-1

S Exponent of input energy dependence of

PC conductivity. GpC cC (L)S

U Dimensional constant for PC conductivity

(PC conductivity in mhos)

UD Dark current constant (Ud) for PC

conductivity

(Optional) 30 chan'acter line for data identification

KNOBS 3 VMI Array of up to 5 r.m.s. applied voltages
[in Volts)

FR(I) Array of up to 5 applied frequencies
(;in H;z
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TABLE AI

Input Parameters for IR Program (cont.)

File Input

Name Device Variable Comments

BRITE 4 VEA(I) If brightness of EL vs. voltage fits the

equation Bccexp(- only over

limited ranges one can fit this

equation to the experimental curve

over 3 ranges of voltage. VEA(I)

are the upper voltage limits of each

approximation.

DV(I) Array of up to 3 dimensional constants

to fit an EL brightness vs. voltage

curve (Brightness in Ft-L).

AV(I) Array of up to 3 exponential constants

to fit the equationB = Exp(- l AV I))
Vol t

to an EL brightness vs. voltage plot

over the full range of possible applied

voltages.

ALF(I) Array of up to 3 exponential constants of

EL brightness. Ba (Freq.)ALF(I)derived

from fitting of an EL brightness vs.

voltage curve.

"(Optional) 30 character line for data identification.

Keyboard CSHUNT Shunting capacitance around the PC dueInputsInputs to structure of device [in pf]. (ElG.2)

TBEGIN Smallest input radiation value for the

simulation. (E16.2)
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Inputs:

RL Parameters PC Parameters Structural Cap. Power Supply,

Brightness El71ectrical Conductivity vs. Shunt Ciap. Applied
vs P~ropeorties Voltage and around PC Voltag"es,

Voltage Radiation Input FrequencieS

iChoose type of
~Data Out~put

:! ! !!! 

,,2R.. 

.. ... 
0(

yes no

_Loop for Radiation Inputsp

En Indu of Input DO?

no yes

-Y 6

If VC Conductivity is Independent ofl`o1td75 Set Switches to
Save Values of PC Conductivity vs. Input for Future Use

After First Time Throucli Iw~t Do Looo

F PC Conductivity Indopendent of Voltarge
ctaadnot ]'ir~st Time Throuzh Input DoJ

"yes no

DO Lomput fol"Rdiativiyof nut 1 )@

qn I0- w anc.ofI PwC
_ =- =- =- ___,

2 ..... 0

BLOCKo DIAGRAM OF 'R PeSOGRA1

FIGURE A4
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--.- I-i-i--- -

10

Plot

no yes

Call PLOT SUBR
To Use S~aved

I Array of Output II ~Variables

BLOCK DIAGRAM OF IR PROGRAM

FIGURE A4!
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(20

ICompute ConducLItIVIty Of E'

rCompute Power Facto

ISecond Order Newton Iteration Calculati=on

Convergence Check?
50Iterations

no ysn n n

first 500 second 500 third 500
Set New PC attempts attempts attempts

I Print Convergcnc-I- I~)C DiffeLren ce
0 Try Another

Frequency

__ R4

Copute Output Decrease Tillu.t By Again Decrease Input
L Variables 9/10 Previous by 9/10 Previous Attempted

Attemptedc Increment Small Incre ment1~IRelax CriteriauteRlx
LLQforConvergen ce =Conv~ergence Criteria

P~rint Check Set Fliags and Set Flags and Switches
for Size of Switches for Print- for Printouts of Smallest
Input Steps outs of Small InputInuStp

Am at Normal5
Large Step

Value Am at a Small6 Input Step Value

BLOCK DIAGRAM OF IR PROGRAM

FIGURE A4
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30 31

Cekfor Selected Pit Selected Small
Output Steps Step Output Variables

Print or Plot or On Smallest Step On Middle Size
Both and/or Write Increment Input Step

on Data File

Print Plot rite Advance Input Advance Input
by Smallest by Middle
Increment Size Increment

\ Print Save Output Write Output, A
Variables in Input,Voltage,. 76
an Array Frequency in

Data File

Check for Output
Light Maximum

Less than Max. Max.

Do Another
Fre uency

Increment Input
Radiation 6

Norma! LargeBvalue

BLOCK DIAGRAM OF IR PROGRAM

FIGURE A4
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INPUT DATA FORMAT FOR IR DATE:

EQUATIONS:B - DV(I) * FALF(I) exp -1

VE

Y2G(Leakage) = DD*FR(k)AALF exp(AA*V(J)-V 1 ))

Gl(g) = U*(UD + TS)*(VlR-l)

DATA BLOCKS:

NAME DEVICE DATA

EL 1: C (E15.6)

AALF DD AA (E15.6)

(Optional: 30 character line for labeling)

PC 2: R S U UD (E15.2)

(Optional: 30 character line for labeling)

KNOBS 3: V(I) (F10.1)

FR(I) (F10.1)

BRITE 4: VEA(I) (E16.2)

DV(I) (E16.2)

AV(I) (E16.2)

ALF(I) (E16.2)

(Optional: 30 character line for labeling)

Test Data:

FUA51
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APPENDIX B

HIUNT PROGRAM AND RUNGE SUBROUTINE

Bi. Introduction

The IMINT Program treats essentially the same circuit as the
IR Program with one important difference.* The difference is that
the conductance of the photoconductor is allowed to vary exponentially
with time in response to step functions light input. A schematic
diagram of the circuit treated is shown in Figure Bl.

B2. Circuit Analysis and Solution Procedure

To solve this circuit we do not use any linear approximations.
Instead, we write the equations for the total current through the
combined circuit in a form:

Jd(VEL) 1+ VEL
.t REL Equation BI

Ctd(VR!) + _PC Equation B2I - % -- • +VpcRpc

The conductivity of the EL cell is written again as it was for the
IR Program and is expressed below:

-L H FA exp(K(VEL)) Equation B3

whore H is a dimensional constant, F is the frequency, and A and K
are constants. The photoconductor conductivity is again expressed
in the same form as before, but modified with an exponential time
term.

In the equation below, the upper exponential term is for the
duration of the light pulse. The lower time term is for the dccay
time of the photoconductor after the input radiation pulse has ceased.

" U(Ud + LE) r•61{l if tt<t -) i
IPC Vk xp(-%2(-t2))' it t2<

Equation B4
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-- ".-,-.=

F! I

1EL VEL 1EL H(Freq.)A exp(bVEL)

Optical Barrier t Prevent Feedback

Cpc pcV RpC

.. .Radiation Input
(Square Impulse, peak Value -

Before Radiation Puls:o (t."t 1 )

I• (u)(Ud)(V
UPC d(PC

During Radiation Pulse: (t 1 <t<t 2 )

gPC - U(ud + Ls)(VpC•) '-oxP(-;I(t-tI))

After Radiation Pulse: (t 2 .:t)

I .(, r-l
PC d P)(PC) 2 2xp(-;"2 (t- t 2 ))

Circuit Vscd in Simulntion• of EL'PC Image Convertor
Respon.se to Tra:isicnt Stimuttlation

FIGURIE 13l
' i-
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In this equation, U is dimensional constant, Ud is a dark conductivity
term, *L is peak input radiation, s and r are constants, %I is a rise
time constant, X2 is a decay time constant, tI is the beginning of the
light pulse, and t 2 is the end of the light pulse. The applied
voltage is assumed to be of the form:

Vapp - Vm sin(wt-6o) Equation B5

Where 6 is chosen so that the beginning voltage on the EL for the
simulatlon is zero. This gives us for the voltage on the photocon-
ductor the following term:

VpC £[Vm sin(wt-6o)J-VEL Equation BG

Putting Equation BO into the combined Equation Bi and B2, we have
Equation B7.

(CEL + Cpc) d VEL -VEL[1F•A exP(K(VEL))J

+CpcI:VmW cos(wt-60))

UdLr f l-cxP((t-t2)

Equation B7

This equation is of the functional form:

dy
- f(y,t) Equation BS

This equation is a first order equation which is easily intograble
by several numerical techniquos. We have used one of the simplest
tochniques which is the Rungo-Kutta method. The present IMINT
Program is not ideally suited for the simulation of thin film EL
light output because it has no provision yet for the inclusion of
multiple curve fits to the TFEL brightness versus voltage curve.

B3. Description of IMINT Program and Runge Subroutine

IMINT is written in FORTRAN IV and is used on a time sharing
computer system through a standard telotype terminal. Figure B2
contains a listing of IMINT. The time sharing systom it has been
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used on has excellent file editing capabilities if the file contains
line numbers. The first field of numbers on a line are the line
numbers. The second field of numbers is the FORTRAN statement number
field. The "*"1 are for comment lines. The program is liberally
laced with comments as to the function of flags and switches and
the purpose of a group of statements. A complete listing of the input
parameters for the program along with the device number called for
in the program are shown in Table B).Table BII contains the input
parameters which are entered at the keyboard at program execution
time along with comments as to the nature of the parameters. The
IMINT Program integrates Equation B4 in the section above by means
of a subroutine called RUNGE. The program is basically a simple
integration proogram except for two parts. The first of these parts
is the determination of the phase difference between the applied
voltage and the voltage on the EL. This phase difference (6O) is
determined such that the voltage on the EL at the beginning of the
simulated voltage cycle is passing through zero in the positive
direction. The program finds this phase angle from an initial guess
by the designer by means of an iteration technique and computing the
rate of change of the convergence difference between two cycles run
with different phase angles and computing a new phase angle based on
this rate of change of convergence with retpect to phase angle. Once
the program has determined a 60 so that the voltage on the EL returns
to zero in one period of the applied frequency, the program then
integrates from the end of this one cycle (with no input radiation
during this cycle) forward in time for as many cycles as the designc.-
choses.

The second part of the program differs from a simple integration
routine becausc of the time varying nature of the radiation input.
This time varying nature is handled by introducing the exponential
rise of decay functions as shown in Equation B4 of the section above
at the appropriate time in the integration.

Figure B3 is a block diagram of the IMINT Program. This is not
a flow chart. It is meant to be used as a guide for finding one's
way through the program in addition to providinz a brief overview of
the operation of the program. TableBIIl and Table BIV are data
sheets that have been useful to thle computer operator when using the
program and contain the format specifications used in the files.

The subroutine RUNGE is a simple form of the Runge-Kutta technique
for integrating first order differentinl equations. The flags,
switches, and variables in the subroutine are described in the comment
stateroents at the beginning of the subroutine listing. A listing
of RUNGE is contnined in Figure B4.
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As yet, we do not have a useful plotting subroutine to plot
the output of the IMINT Program. At present, the output is the
time, voltage on the EL, EL current, and derivitive of the voltage
on the EL. The data must then be plotted by hand. From the plot,

one can find peak AC voltages applied to the EL as 'a function of
time and use this in a simple calculation with EL brightness formulas
that are appropriate for thick film or thin film EL to get the
brightness output.

a-27

Com



PAGE I

IMINT PROGR~AM

1 0 * IM2AGE I&NTCOSIFIC1 PIZ' G RAM
20 *: OFFICE OF NAVAL RESEARCH PROGRAM
30 *
40 *
s0 D14.ENS1'JN YCIO)PDYCIO)
60 CALL D2FINECIP6111IDAT
70 RED p1)EPC~FE*pp
80 READ(1 I 10) VM., U.-UD.pS.,PAS-NX.,VEL
90 REALJCI..26) T,ýGLAMI1,GLAMi2

I10 tf11,RIEC912)
120 12P FwJ RM ' EL j ELPs PHSE o DPHSE
130 READ(9,25) LEPHEDUS
140 WI)RTEC9PI3)
IS0 13 FOV-."AT( ' IF, )rfDITjVDMED'/)
160 F~EADC9*25) TF.sD?[1'T.-DT,*V~L:E1
170 tWRI~TEC(9pl4)
180 14 FU[-f.:2ATe R.-1 TI '/)
190 READC9,PP6) '?.T1vT2
200 WRITf±(9.96)
210 16 F0f':-ATc 'CYCi%'/)
220 READ( 9,p15) CYCMX
230 11 RI TE C 9.17)

*240 17 FUIj.'1AT( 'CfNVCR'/)
*250 READ(9*IS5) C-4."NVC.R Figure B32

260 *Page I of IMINT Program
9 70 10 FO -AT C6E 12. 5)
280 11 FOj",-AT*(I/l)
290 15,F ý'MAT CEl 2, )
300 r~l5 FO .M.AT C4EI2. 5)
310 26 FO.)fMATC312*5)
320
330 1* I JT IAL IZA T IC;N OF FLAGS AND SWJITCHES
340 4'
350 * 'iG" IS INPUT STATE INDICATOP. MG-=I IS BEFORE PULSE
360 4' MGx2 IS DUnING PULS-- - G= IS AFTER PULSE
370 MG=I
380 * "GYCS IS VOLTACE CYCLE* COUN'TER
390 CYCr-1,
400 L=1
410 10=1

4 le. 0PI=3e 14359
~430 * APiPSW"1 IS 0 FOR~ FIRST INTEGR~ATION OF FIRST CYCLE
440 APP.S'.- uCi.
450 * TFI.T" IS T101¶E TO PRINT OUTPUT 'VAj!IA'.LES I.
470 * "tDTF' IS P~.i:IUL OF DkIVING FRE:0.
480 DTF= 17- T
490 1'
500 * "MJCONaj" IS Sl:ITCX TO V~:~c CHE~CK
5'10 4' 'ivCj;r,w- i IS 53.L1Cý A.7'#Lh'.D CC.'EF*-:Ci AFIER
512,0 'f UTE.CAI-:116c~:~ Tl-iwýt~

530 I' NC-ýu31 Is S! ITCX .' ~.L(~VLJ '~c
540 * c;s AŽ.'-U FHA!4:' A,,;ULP,; C. hl`%Cl*1;5
560 64JCJ.'4= I
560 IS1~VE 1 FLAG TO SAVE~ 'VLL'. TTllFJT'
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lkAIk*T PRGA

590 WRITE(9.t31

600 31 FOMT CL9','F'-9P'ROsS. V
610 l)RITE(9,30) CELpCPC.,FiE0.vVM
620 W R I TE ( 9,*3P 2
630 .32 FO F;\TC I 'M ',# IX, 'A I I X.-''AK '-IOX.- WEL)
640 WTRIjE(9o30) Hp1.A(p*AV2L
650 WRI TE(C9.p33)

* 6.60 33 F0Wit'!AT(1l, .- 'U, l1X%'UD'.P,0Xs £59,)iX, 'R)
670 WRITEC9P30) Upr.,5p
680 .R )ITE C9.- 3 4)
690. 34 F0FvAT(1Xp'PHSIL'PCX.-'DPHSE,.7Xp TF 'p 10'.-'DT')
700 WRITE C9P 30) PIISE, DPHSZ, TF, VT
710 w~ldT'Em 3.5)
7/20 35 FURIJJATC I X. 'GLAMi~ ', 7X.- MeA~i 'EL 'p I 0~p 'ELP'
730 WIRITE(,3-0ý CLN3I*),CL.Ail2.EL.ELP
740 W R I YE( 9.03
750 36 OiCiX T'IQ 2)
760 WRlITEC9P30) T1,#T2
770 *

780 30 FORMATCIP4EIl295)
190 0V EGA=,2:-,PlI'R0
Bo0 DpI-1sEDPISE-::PlI / I SO.
810 PHSE-*P)HS NI /1~00
520 <.C :UA.9.
830 V~YI i A(.tI)):f
840
550 40 GOE TO C 4S.i6, 4j1SA~VE
660 45 A1=T
$70 A2=VEL
880 A3=TP!RT
890 ISAVE=2
900 G3 TO) AS
910 46 TnAI Figurc B2
920 VEL=A2 Pago 2 of IMINT Program
930 TPRT--A3
940
950 43s? IIz 1PP! ~1 SO./,I
960 W T(9 3o)PPH

980 1,"R I'E.C 9,.-9 )

1000 9c iN'TEATIOP" 1&"EU414Y
foto 50VL1VL.;s!:AT+ S)
1020 VLu'~.~ '~~
1030 GOi TO 5U 5a5):i

1050 &Ji TO 56
1060 56 VEL6nCExPC-(T-T3)/&-LA4,2))4,VEL8
10710 W To 516

3090 5 i.; C . TI:. "
IIc V-71 Vd'. = C.Z V..21. .'06: ;) *C. -4
it 10 V2.L.3- V I. L!: :VZ*L 7 E; C fA,:(;: V Z L
3120

n-29



PAGE 3 '
IZ41NT PROGR~AM~

1130 B ASIC DIFFER~ENTIAL EOUA1OM t
I 1140 V1ELD=CVEL.I+VL2+VlEL3)/CCEL+CPIC)
1150
1160 60 Ta (60pl00)*M
1170 60 IF(T.LT.CTPRl*-1.E-7)) GO TO 80
1180 *
1190 CURCE*ED+VL,.FE..AsH.EIIA.,FL
1200 11RITEC9. 70) T.PVEL.PCUITh VELD
1210
1220 70 FORi'IAT(1P32El12.5E9*.2-E12.5)
1230 TP RT=TP 10+ DPfRTI

1,450 ciCONTINUE
1260 W~ TO (bl,82pl33),pMGI
1270 CI WlCT*LT.-(T1-1.E-7)) GO TO 83
'1280 EL=I.EP
1290 MG=2
1300 VELB=U*:CUD+EL**.?S)
1310 G0 TO 50
1320 82 IFCT.LTCT2-19E-7)) 60 TO 83
1330 m G3 I
13,40 W-LLO.
1350 VE L wU U D +EL :S)
1360 60 TO 50

1370 83 COJNTINUE

13S9 0 IJF(TsGE-.CTF-1.E-7)) 03 TO 200
1400 M=2
1410 100 CONTINUE
1*1120 DYC1)=VLLD
1430 YCI)=VEL
1440
1450 CALL ),,UNG3ECL,10oY.,DYDTa,M,#TN)
1460, 4.,
1470 VEL=YC1I
1480 GO TO 50 . Figure 1B2.
1490 200 C.)NTINUE Page.3 of IMINTPrograrm
1500 60 1*0 C210,p2,'0*300),pNC!DN
1510 TES5T FOR- C,6.VEY.t&7-CE
1520 210 VD~t'VEL
1530 VOE/~1a-VDS
1540l IF(ABSCA3SCVDFAI -ADS(VOZD))-CO:NVCR) 300o300*230
1550
1560 *DERIVE Nmt: rHASE ANC-LE FOR SMC'IN4 CONVER01.7.CE ATTEMPT
15110 230 C9 GTYJ 250

1590 PASSuI#
1600 PSAVE=PHSE

1620 Nu*=6-
1630 GUJ TO 40

1660 61 D 7

16U0 * 0FRIVE PHASE eANC~LE CASEDL 0,14 P1REVI'VOS TRIES
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PA 6E~ 4

114INT P ROcUiRAM

1690 250 IF(PIASSoE:0,VASX) G0 TO 400
1700 PASS:P1ASS+I.
1710 270 C0!~-%-VDZýAl/PVD,-.
1720 PHSEPSAVE+ClnRR
1730 PSAV.V=PHSE
1740 NC~JN= I
17150' GOJ 11 40
1160
1770 300 COJNTINJUE
1760* IF(CYC. EIC'&CYW(-,) C-: TO 400
1790 1W-(CYC-EibQ.I) NCJN=3

* 1800 .CYC~:C(GG+1.I

1.910 TF=Tlh+D)TE-
18910 ISAVEzu1
1830 TPI1.T T
1840 APW0
1850 GO 10 40
1860 9z
1670 400 SrTC4
1680 EN D

Figure B2
Pa ge 4 of I MINT Progravm
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TABLE BI

Input Parameters for IMINT Program from Data File

File Name: IIDAT Device Number: 1

Parameter
Name Comments

CEL Capacitance/Cell of EL [in farads].

CPC Shunt Capacitance around PC cell [in farads].

FREQ Applied power supply frequency to the device [in Hz].

A Exponent of frequency dependence of EL leakage conductivity

according to: GEL CC(Freq.)A.

H Dimensional constant of leakage conductivity of EL EEL leakage

in mhos].

AK Exponential coefficient of voltage dependence of leakage

conductivity of EL according to:

GEL'C Exp(AK*Volt.), Note: Volt. is absolute value

of peak applied voltage.

VAI Maximum peak applied voltage to the device.

U Dimensional constant of PC conductivity [PC conductivity in

mhos ].

UD Dark conductivity term (Ud) of PC conductivity.

S Exponent of steady state dependence of PC conductivity upon

input radiation.

PAS,%IX Upper limit on number of searches for convergence of first

voltage cycle.

VEL Voltage across EL cell at time - T.

T Time at which simulation begins [in seconds].

GLAII PC cohductivity rise time constant used in form:

0 1 - Exp(- 1 ). (Times in soconds)
PGLAMi
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TABLE BI

Input Paranicters for IMINT Program from Data File (Cont.)

V'ile Name: IIDAT Device Number: 1.

Parameter
___Name Comments

GLAM2 PC conductivity decay time constant used in form:

S Exp(-[Times in seconds]
PC GLAL12

N Number of simultaneous first order differential equations

to be integrated by RUNGE subroutine. In IMINT, N - 1.
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TABLE BII

Input Parameters for IMINT Program Entered at

Program Execution Time

Parameter
Name Comments

EL Input radiation before input pulse [in units consistent with

PC conductivity equation).

ELP Peak value of square pulse input radiation [same units as

EL above).

PHSE Initial guess at voltage phase angle for first steady-state

cycle [in degrees).

DPHSE Increment for adjusting PHSE after integration of first

steady-state cycle [in degrees3.

TF Time at whichl voltage on EL repeats its value at T. (TF-T)

is period of the driving frequency [in seconds).

DPRT Time increment between printouts [in seconds).

DT Time increment used per integration step tin seconds).

VDED Desired 'value of voltage on EL after integration of first

steady-state voltage cycle (usually equal to VEL).

R Exponent of input radiation dependence of PC conductivity:

npc O• (L)R (Note R - r-I in equations).

TI Start time of input radiation pulse [in seconds).

T2 Stop time of input radiation pulse tin seconds).

CCMX Maximum number of EL voltage cycles computed.

CONVCR Difference allowed between EL voltage computed at end of

first voltage cycle and the desired voltage value

(VDED) [in volts).
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I IDAT Pil 1 . Keyboard Inputs

Initialize Flags and Switches
Especially NCOIN-1

APPSW-0O
Save Flag up

\ r t .. , 'I

Cstants in Usfl Fo'n

SSave r.ag Up?
* no

yes no

Al. A , i A3 [ LI Save TInnL TPRT aso

Write Phase An--x.e (PIISE)
and C~olumn n__UotinJ

-Compute Derivative of Voltage-
on EL (VELD) appropriate j

to Status of Input Radiation

I RUNGE Slopes being Computed?
i.e. RU'GE Slope Flag Up?

no yes

DBLOCK DIAGP..,M OF I MINT PROGRAMI

* FIGUIIE 11"
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9 2
IWrite Output Variables?

V4!ll [ll :Check__Status of Input Radiation

i•.il: •and Adjust Parameters in VEL Derivative
I •-'F-- •.Equations if Necessary

Time Equal to End of
* First Period?

no os

Set RUNGE Slope Caic.
Flag Up

ItUNGE

After RUNGE has Computed
a New VEL Point the RUNGE

(Is . Slope Flag is Downi
(This Rlqres 4 Calls to RUNGE)

03

BLOCK DIAGRAM OF IMINT PROGRAM

FIGURE D3
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-,~ ~ ~ ~ 2 3?-z~~rrr lnrrwlSI

2 3

Covrgne Derive Differential ~ ~ ri~i
D' PHSE

Sno. yes

171 Correct PriSE with"
"- no yes v.. Differential Multiplier

APPSWfr4
NCON-2

Update Pass Counter 05

5 [Pass Counte: Full?j

no yes

F Update Pass Counterj

BLOCK DIAGRA.M OF IMINT PROGRAM

FIGURE B3
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(7)i i - I

'If II

Cycl eConeFul

no yes

Still on F'irst Cyclo?7 ,N
noye

Update Cy1le Counter
f rme nt TPRTTF

jyFlag Goes Up]

BLOCK DIAGRA.M OF IMINT PROGRAM

FIGURE 133
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IIDAT DATA FILE INPUTS FORMAT FOR IMINT DATE:

EL Leakage Constants

CEL CPL FREQ A H AK

- -- 
-- -... (6El2.55)

PC Constants
VM U UD S PASMX VEL

- -- (6E12. 5)

T GLAMI GLAM2

-- "(3E12.5)

N

- (14)

COUNMENTS:

TEST DATA:

TABLE BIII
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TTY Inputs for IMINT DATE:

EL ELP PUSE DPMSE

(4E12.5)

TF' DPRT DT VDED

_ ____(4E12.5)

R Ti T2

______(3E12.5)

(E12.5)

CONVCR

(E12.5)

COMMENTS:

TEST DATA:

TABLE DIV
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PAGE 1

14JNGE SUBROUTINE~

10 SW31rUTUJE RU Or.u Ms( 10, Y,, DY., DTot4,T*N)
20 N=.NVIUDER OF D~IFFERE-01TIAL EQUATION'S (%-AX. OF~ 10)
.30 *IG.=l INDIC' ATES IF~ CALL IS FOR F'IRST RUNGE SLoprz

* 40 * ALCe IN THE~ SUBRUTIiIE
50 *T=1MDEPEQEM\T VARIAC-LE
60 a:DT=INTEGR~ATIUN 1I3CREHIENT OF IND- VARIASLE
70 *Y=D!EPEDENT VARIAMEL
80 *DY=DERIVATIVE OF Y
90 *L=2 IS Sl;J1TCH AROUND '*IG" CHECK AT STATEM.ENT 100 (ON

100 F IRIST CALL TU IlU.\GE SLUP)IES)
110 M =2 INDICAiTES TO IMAIN PROGRTAM* THAT RUNGE SLOPES ARE
120 *BEING COMPiUTED
130 'DIMENI~SION4 DY(I0),pYQ),FC6O)
140 90 GO TOi ( 100D.I10 ).L

IO100 GO) TOCIO1,110)*IG

170 L=2
180 DO) 106 X=1:N
190 K3=N+'r(
200 106 FCK3)=Y(X<)
210 Go 1*0 c90
220 110 DO 1/40 1N
230 K1=K
240
250 K3.d12+N
260 y"4 X+,%

* 270 GOTC1~1,1314,
280 111 F CK I=DYc,,'):*DT
290 K)FC%4 0* XI

* 300 00 TO 140
310 112 F CK2) =D Y (X) -:'DT
320 00Z TO 124
330 113 P*0K3)=;DY(K%):-DT

*340 GO TO 134
350 114 K)FIý)FCI2*F(()F3)--DC)iT/6
360 00 TO3 1.0
370 1241 Y CK) = ,5*,T K )
380 YcK)mY(XO+F(A(4)
390 GO TO 140
400 134 YCi():(AX4)+FCK3) Figure B34410 140D C-J-TIMU: RUGESbrutn
420 GOJ T0(170p180,170,p180)#J lIGiSbotn
430 170 T=T + s5* 1)
440 ICO J=J+1
450 1 F CJ- 4) 4,O j40 As29 9
460 299 1621
470 Mr. 1
-480 GO TO 406
490 4.04 IG=2
500 405 L=I
510 406 F. --7 U INA
520
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APPENDIX C

UTILITY PROGRAMS

Cl. Introduction

Several smaller programs were developed to aid in the

analysis of proposed devices. The first group of programs are

used as aids in extracting useful parameters of the light-emitting

materials and the photoconductive materials. This group includes

the GFIT, ELFIT, ELDG, and PLDATA programs and the SLPLOT sub-

routine.

The GFIT program fits a non-voltage dependent equation to

resistance vs. input radiation measurements of photoconductor

cells. The ELFIT program fits the electroluminescent brightness

vs. frequency and voltage measurements to an equation over three

consecutive ranges of applied voltage. The ELDG program creates

pairs of brightness vs. voltage data from an equation. The data

is put in a file for plotting with the PLDATA program. The PLDATA

program takes data from a file, modifies it for use in the SLPLOT

subroutine, and calls the subroutine. The SLPLOT subroutine

generates a four-cycle semi-logarithmic plot of a maximum of

five curves of fifty points each.

The second group of utility programs simulate unusual ways

of driving image conversion panels and the stacking or cascading

of image conversion panels. The AM and FM programs use data files

generated by the IR program to simulate the time averaged light

output from image conversion panels driven by very simple amplitude

or frequency modulated voltage waveforms. The MASSA program con-

donsos the data files generated by the IR program for use in the

AM or FM programs. The CASCAD program uses data files of input
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PACE~ I

14!JNGE SUBROUTINE~

10 SUDJUT1IJZ P-UNGEC-:LXG, YoDY, DT.Pt.TN)
* 20 4 N=NUN~DEI% U W FFEI RZOTIAL EQUATIONS (%-IAX. OF 10)

*.30 *1 IGul IND)ICATES IF CALL IS F%-)A FIR~ST RUNJGE SLOP'T
* ~40 *GALC* IN' THEi SUDRDUTIi1E

50 *TuIiND~rIivDENT VARIAE.LfE
60 *DT=INTfEGl'ATIUN INClE'eENT OF INi~. VARIABLEZ

*70 44 Y=D1-.PDlEVT VARIAMEL
80 * 0Y&.DERIVATXVZ' OF Y
90 *L=2 IS SW~ITCH ARIOUND "IG" CHECK( AT STATEMENT 100 CON

* 100 * FIJSST CALL TU IlUNGS SLOPES)
110 *e N=2 IN)I C .A TES TO IMAIN PROGRTA-M THAT R~UNGE SLOPES ARE
120 M~ING COMPeUTEDL
130 'DIMIIENSIL)N DYC10).o'(10),pF(60)
1 40 90 GZ * TI C0Op I10).,L
150 100 GO TOCIOI1,110)oIS
160 101 J~l
170 L=2
ISO DO 106 X=1,N
190 K=~'
200 106 FCI(3=Y(K<)
210 GoJ To) 90
220 110 DO 140 K1(=Ijt
230 K1~l(
240) )(2c(+ 54
250 1312-
260 K4=X+%

290
300 GO TO 140
310 112 F(,2)=DY(X<).-DT
3 P0 GO TO 124
330 113 F0(3)=DYCKO-'cDT
340 CE) TO 1341
350 114 Y(K)=F(FCK1F(l)2. -*CF(X2)+FCX3))+DYCK)4.'DT)/6*
360 GO TO 140
370 124 Y1.~(2
360 ()YKF(A
390 GO TO 140
400 134 Y C X =FCX4) +7 CK3) Figure 134
-410 140 CJNTIMUE RUNGE Subroutine
420 GOJ T0C170oI8s01 70,sI0)*J
430 170 1*TT -5:6.f)If
440 160J J=J+1
450 IFCJ-4)404.,404.,299
460 299 IGm!
470 Ma
AS80 GQ TO) 406
490 40 4 1G=2
500 405 Lu!
s10 11,06 FIT7 UJ
520 Ji
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vs. output of simulated image conversion panels to compute the

* light output of a cascaded pair of panels. The MASSA2 program

is used after the UASSA program to condense IR2 data output for

use in CASCAD. In addition, the AM or FM programs can be used

to effectively sort IR output data before use in CASCAD.

C2. WFIT Program

This program fits an equation of the form:

g 0 conductivity - u(ud + Ts)

where u and ud are constants, T is input radiation, and S is a

constant, to resistance vs. input radiation data obtained by

measuring individual PC cells under stimulation. The fit is

obtained by assuming that for T k 10-3 g 9 u. UdT8. The

natural logarithm of both sides is taken and the resulting

equation is fitted by means of the least-squares method to the

test data. This determines S and U. After this fit, the simple

average of the dark current data is used for the product u .ud

and ud is computed.

The program uses data from a stored data file containing

the input radiation and resulting cell resistances. The file is

called for at program execution time. A zero input radiation

value signifies the end of the data file and reads in the average

(computed manually) dark resistavce of the cells.

Table CI summarizes the necessary data inputs and formats

for the program. Figure Cl is a listing of the GFIT program.
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PAGE~ 1

GFVI P)2&JGIAM

20 *C~JiWUUT;]IVI*1Y LOUAT1&JN FIT
140 b * ( U*UL)+ I* *S)
60 DIME~NSION jC 75),-(C75).PTLC75)D GL(75)
80 U)ATA Sl#S2pS3*S4/ 4*O./

100 E)J 20 I1%2175
120 )XLAUl)C1) TCI)*GCI)

160 2 FIU)JMAT( 2E 16,p4)
180 1 E I- I
200 IFC(T(I)oLE.o0,) (30 TO 30
9220 20 CLANTIN4LIE
2140 30 Du 40 J=IPIE

260 (IL(J)AuU(G(T CJ)

300 '40 COJNTINUEI
320 VU) 50 l,%=bIE~

360

380 S=5+,0

1420 50 C; ) N'1 N, tJ E

460 S CC (S;3 s41)SFN-S I S/ CC4*2)/F N S 2
480 13L=( S3- S*.S4)/IFN'
500 4 FUMA(Ii13K

520 U=E';M'(L)

560 WkIIL(9.:
580 3 k'J M A7( 2 X P 'L I Ci I T I 2, 'G' La EvdA S '2 X. '( C A L C.

620 DOi 60 L:: oI I
6/40 C6=U*d(Ul)+l (L) **S)

6 CI 60 CONTIi'UL~
700 WRIlI:(9,95) U* Ut), S
720 b FUhM(A'jU=',),'Ft092/p 'Ut)=1p bP10*9/j, Sn'PIVE1f.2/)
7.40
760 E N D

FIBUREC1



INPUT DATA FORMAT FOR GFIT

EQUATIONS: G U*(UD + T**S)

DATA BLWCK:

Device Data Format

Energy Input Cell Resistance(A)

|1 ,,______(E16.4)

9 9

I 
!

0. , Average Dark Resistance

(Maximum of 75 lines of data)

TABLE C1

i~ Cl



C3. ELFIT Program

This program fits an equation of thc form:

B a Brightness -DD. ex ,

where D, a, and A are constants; V is the applied r.m.s. voltage;

and F is the applied frequency, to the brightness vs. voltage and

frequency data obtained from sample EL material. The natural

logarithm of both sides of the equation is taken and the resulting

equation is fitted by the method of least-squares to the measured

values. The program accepts up to 10 frequencies and 30 voltage-

brightness number pairs per frequency. The data is stored in a

data file and called for at program execution time.

In practice, it is best to first plot the measurements as

In B vs.\ftand determine the Voltage ranges over which the

resulting curves are approximately straight lines. Usually, for

thick film EL, the curves are straight lines for all practical

voltages. TFEL curves are not and in the IR program, we make

provisions for dividing up the brightness vs. voltage dependence

of the TFEL into 3 voltage ranges. The ELFIT program is then

used on the measurements falling into each separate range. The

IR program then uses the a, A, and D parameters only when the

EL voltage is in their range of validity.

Table CII lists the data format for the stored data file

used by ELFIT. Figure C2 is a listing of the ELFIT program.
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PAGE I

* bLF IT PRO)GRAM

10 *EL EQUATION FIT
20 * B=D*CF**ALiPH)/EXP((A/V)***5)

* 30 DIMENSION' CF(10).pJJ(10).V(10#30)
-40 + .BCIO.#30).#F(I0)
s0 DATA FN*.SljS2.S3*S14*S5S6*S7,*S8/ 9*0.1
s0 DO 10 !1.1IO
I10 )HEADC 1.2) FCX)
120 2 FOiRMAT(F.*12*3)
130 IFCF(1)-0.) 30* 30. 40
140 40 CONTINUE
150 FI=I
160 1=
190 DOk 20 J=Io30
200 kLAD(1.5) VCI.J).* B(X.J)
210 5 F~kMATC2EIP1.*3)
220 IFCVCI&J)-0.) 10*10#22
230 22 COJNTIN'UE
240 CFCI)=J
250 JJCI)=J
260 20 CO)NT~INUE
270 10 CONTINUE
280 30 CONTINUE
290*
300 DU) 50 K=I,!!
310 50 FN=FN+CI"CK)
320*
330*
340 D0 6U LulllFIUR!C
350
360 JJJ:JJ(L)
370 DO 70 vii4= 1 jJJJ
380*
390 IF(II-1) 55* 55p 23
400O 55 S1=S1+ALk)G(F(LAMM))
410 S3=S3+(V(LPMM))**-.S
4P0 S7=S7+(V(L.i-,#ýi)**-.S)*AL0G(E3(L,,MM))
430 S8wS6+C1./VCLpMM))
440 GO) TO 70
450 2'3 CONJTINUE
460*
470 S1=S1.AL0G(F(Lp%,MM))'
-480 52= S2+AL0 G(F (L) )
490 S3=S3+ (V CL.* MM) )**- &5
500 S4=S4+(ALC)U.CkFCL)))**2
510 Sb 5+L C1 . 4L
520 S6:S6+CV(LMM)**-. 5)*ALUGCIC'L))
530 S7=S7+(VCL.MM)**-.5)*ALeJG(BCLMM))
540 S8xS8+(Ie/VCL*MM))
550 70 CONTINUE
560 60 CONTINUE
570*
S80o
590 UC(IX-I) 44m 44m 45

* ~600
610 45 COrNTINUE
620 DET=FN* C-S4*S8+S6*S6) -S2*(-S2*S84S3*S6)-S3*C S2*S6-S3*S4)
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ELF I T JRUGRAM

630 Dl.UG= 6(ý; 1 4.C/- S*$';S46•.*.S6) -. 2* (-!•*S8+S7*S-6)-S3* (S5:S6-S7
6 140 + 44S/0 )) / U)'U'[
650 ALP11|- C FN$ ( . 5. S [;+ S TO8 6 )- S I xt C - s R*.8+ S3 *56 ) - S33 ( `!* S 7

660 + -SD)) E DFET
670 SQ RA= (FN* C 1:1i 7- S6.•* )-5 ;* C S.P2. S7- S3*S5 ) + S I C C2* S 6-
600 + S3,NI4)) / VET
690 GLO W) 31
700
710 ,4 CN17'I"N 1U
7 n.o DET=-i N ,,., + IS,3 , S 83

730 VL'J, C C .- S .1 H: -,4,3? / D S71'
7/•C0 •O:= F ::AIS ''S ) / IF-"[T
"7L' f 0 LF'i"H 0.i
"7d60 ft P

770 *
~7 8 0O 31 A=.0fOi,*! SO:;( lA

790 D= E,,P DL(O )

s it0 I E'C( 9, 99 )
20 99 FdJ•'AB // '[i';; ALT8 T/ 71 " - * ) )

8 E3 u DJ ',30 LL2:1.Il

850 6 e;PI'// W,. '/, I; IO. /, 'iT ,5 'd GHTNESS ,

b6O + 1.P ' CALc; . 'AL . 0/)

[.,70 JJJnJJJCLL)
66;0 Vij 9(0 (.i = I JJJ,.J

900 71 D•:/ X ( /\V )..iJ)'k 5

910 '(;J "11 73
9P0 72 e •'!'01`1 IN\UtE

9gl J i j, 4.4 (( CF(LL) ).i:ALi; H) EXP C CAV(LA, i) )**#. 5)
9/40 73 C,.T•INlJE
9!A)j~'F:9 7 V(LL•,.PMO VI.' L.g M.)p, Ni'.

960 7 'VJt". iAT'( I P3hfI' .Oo'2)
970 90 G J'f'I L 1i:,
9V bo c' ý 0 P3 '' T I N U .
990 Do•ll:'2, ) l. APAI.,PIl

1000 •3 I'Lf:'•I(I [);' ,1F:lO,*-., A-- •I K O ,. 'ALF=" I ElO, P,//)
10 1 () cX '•' i
10 PO b'.N I

FIGURE C2
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INPUT DATA FORMAT FOR ELFIT

EQUATION: B D*(F**ALPH)/XP((A/V)**,5)

DATA BLOCK:

Device Data Format

1 Frequency _---_., (E12.3)

Voltage , Brightness (E12.3)

0. (0. voltage - ready for new
frequency)

0. (0. frequency terminates
data input)

Maximum: 10 Frequencies
30 Volt, Brightness/frequency

TABLE CII
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C4. SLPLOT Subroutine

This subroutine generates a four-cycle, base ten, semi-
logarithlmic plot of up to five curves. The subroutine uses an

X-array (linear scale), a Y-array (log scale) and a variable named
DEC which determines the lowest ordinate on the plot. The

lowest ordinate is 1 0DEC

The program automatically determines the end points of the

linear scale and picks a convenient scale factor for reading

values from the plot.

For plotting brightness data of EL lamps, the PLDATA program

discussed in the next section is used as a ralling program. Table
CIII summarizes the calling arguments of the subroutine. Figure C3

is a listing of the SLPLOT subroutine.
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SUBROUTINE SLPLOT

20 SUBROrUTINE SLPLOT (X*Y.PDEC)
40 DIMENSIWN MCT(5)j,PLOT(5).PL1NEC(62).PSCALE(7). X(5.5O),Y(5.50)
60 INTEGER ELANKP DI'*X)?'Lv)T.,PLUSP PLUT
80 *ARRAY CtOM1)'ESSIO~N
100 Do~ 200 1=IP5
120 mcn0 JaiS
140 DOJ 201 Jl5
160 2?07 IP(J-CSO-1C)) P08,PP06,-206
180 208 WFCXCI.J)-0.) 20O2j,202j-201
200 202 MC=MC+1
220 JJ~J
240 203 XCI*JJ)=XCIPJJ+l)
P260 YCI*JJ)=Y(I.OJJ+1)
280 JJ=JJ+)
300 IIFC(50-MC)-CJJ-1)) 205.P207P207
320 205 GOJ TOJ 203
340 201 CUh'NTINUE
360 206 MoCTC I )=0-MC
380 200 CUN'TINUE
400*
420 *DEfP. VA1,,IABLE RANGE
440 Xi~1N=Xc1,1)
460 XivAX=X(1.41 )
480 00) 10 l1=1..
500 M~AXJ=M CT ( I)
520 DO 20 Jz1*MAXJ
540 IF.(X(IpJ)-o0) 20,020.011
560 11 IF(X(IPJ)-XMIN) 30'30'#31
580 30 XMIN=XCIJ)
600 31 lFCX(lPJ)-XM~AX) 20*P20.32
620 32 )(MAX=XC1PJ)
640 20 COJNTINUE FIGURE C3
660 10 CiNT1NLJE
680*
700 *SCALE DEPoVARIABLE
720 IX=O
740 XhkAN6E=XMAX-Xt~1IIq
760 XSAV=XiRANGE
780 12 Ib(M'F.AN(6E-60o) 13*14Pl4
800 1 3 XA(C
1320 IX=IX+1
840 (6) TU 12
860 14 I1FCXd8ANGI;-600o) 15*15*16
1380 16 XRANULu;kAfq(hE/10#
900 IXZIA-1
920 GO 1T0 14
940 15 CUNTINUE
960 XDIVXkANJGE/60-.
9650 IFCXL)IV-1.) 63,61P63
1000 61 DIVa1.
1020 60 TU 69
1040 63 IFCXDIV-2*) 62#62,964
1060 62 XDIV=29*CIO**C(-IX))
1080 DIV=2.
1100 00 TO 69
1120 64 IF(XDIV-5e) 65p65*66
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PAGE 2

-UF3M.OU'l'IOL SLPLUT

1140 6 5 XDI V- 5.C 10 C (- I X) )
1160 uIV:-5,
1180 GU TOu 69
1 200 66 C,;NTINUE
1220 70 XDIV 1 OV (100 0 - IX))
124/0 )IV= 10.
1260 69 CONTYNUE
120 2SO
1300 : Li,.EST CL, VALUE
13 ,.20 N "r,'M1 N
1340 1 0
1360 G 0 11XF( -1.) 72#75,7i3
1:3 ';O "1Y ",. , ,;' , -: "" , :.•• 10 ,

0 60.'. T IO "li' o8
1440 73 I.'C XS- 10.) 75. 5,7,74

1 "60 74 Ž;=;X•5,I1U.

1 500 (30;U "fd"3

1 540 I 25: •5
15601600 0, -- Lý 5:! ( ,'13 ••;'i.
I1!620 1 F ( N N X ,• . IO :.KIj) 4ý .--!(I .I:*DI0
15,00

1640 4--
1660 , C1...).I. PLOT ZSYNIMBiLS
I16t,,O HfL N.'=1}
1700 0.; T= I H,.:

17 .0 X"<L 'fT= I iiX
1740 PL=
1760 PLOTC( I =I HI
1 '/18 0 PI.,0 '1 (C ) 2 - 1 H-2

1,00 PL J T 3 )1 H 3
1620 2 -OT' C -04) 11 14
1640 P:L.. 0 T C 5) 11 }5

1$60 D4
1 bu0 SCALE KH; PU I14TS

SO.0 G)J3 tl I=~
)1 /Jo 1,1 P) 3100 1 P , I SAN l U E C

1 8 F ( Y C 1 ,1) * LE -.0, ) Y( I J) = I ,1:" 10

e?()0 0 y ( j, ,. , J= o,;.6 10 Y(l J I i31 , I F3 :iD. Cj + I•
0 140 1401.J' 1

2040 U300 C;.-JI N U L;,
P060 -*,
20'P0 P RINT Lu. hDER
2100 SCAL( I )L ( S
210 V.J 110 I- ,
;140 120 fCALE( I )=SCAL1i( I-I )+(10.,XDIV)
2160 W R I, '14 " 9,400)
,:I t;O 400; i" A)t,,; f(/ /

22o00 • t1• L,: ('.). 12 1 ) S CAL V

p I F ( 7 I p': E 6 .2-5
92.4,0 lq I "D I 9., 1 2,
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PAGE: 3

SUBROUTINE SLPLOT

2260 122 FORMAT(7C *'p9X))
9280 DO) 123 1=1,61
2300 123 LINE(I)=kPLUS
2320 DO 124 iL~lp61:10
2340 124 L~INE(I)=XPLOJT
2360 WjRITE(9,1I25)(LYN*E(IDUM1),IV)UM=1,61)
2380 125 F031HIAT(61 A I
2400 *BLANK THE LINE
2420 DO~ 126 I11,61
2440 126 LINE(1)=I3LANK
2460*
2480 * PLOT THlE POINTS
2500 IDIEC=DEC+4o
2520 IDOT=0
2540 IXPLOTO=
2560 LINEC62)inOe
2580 DO 310 N=1,01
2600 LINLC1)=PLUS
2620 ID0JT=ID0IT+l
2640 IF(IV")T*NE.6) GO Tk) 315
2660 IDX)T=0
2660 LINE( I)=D01'
2700 IXFPL~T: Ik-LUT+l
27P0 IFCIXPLOT.NE*3) 60 TO 315
2740 IXPL01=0
2760 LINEC 1)=XPLUT
2780 LINEC6I )=J-LOT
2800 IDEC=IDEC..1
2u20 LINE(62)=1VEC
2840 315 IPY=73-N
2860 DO 311 I=1P5
2850 oAXJ-f4 CT ( I )
2900 DOa 312 J= loMAXJ
2920 1YCY(I#J)*10001
2940 IX=Xc(,J)
2960 IJF(1Y-73) 316*317j,317
2960 317 Y(1PJ)0.o
3000 1Y0O
302~0 316 1f,(IY-Il-Y) 312,013#31.3
3040 313 LN~I+)FkTI
3060 Yc1,J)0.*
3060O 31 P CUNTINUEk
3100 311 C U101iq i EJ
3120 IC=61 FIGUEC
3140 VU) 314 IDUM=1P61
3160 IF CLINECIC)*N~E.[3LAN'J) UI TO 384
3180 314 IC91IU-1
3200 384 LC=IC+1
3220) WiPIfl(9380) CLINE(,iQVUtM)*NDU~u1,1C)
3240 350 FfjXMAl(61Aljolo0E'%I2)
3260 DO~ 362 11=1s61
3280 3E2 LINEM1)ai3LANK
3300 310 CjNTZNUFE
3320 DO 363 Irl#61
3340 363 LINfCI)=PLUS
3360 DU 365 I1=161#l0
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SUBROUTINE .5LPL0T

3380 385 LINE(U)=XPL•T

3420 WVRI'E(9,122)
3440 WHITE(9*121) SCALE
3460 WRITE(90400)
3480 RET Ui*N
3500 LW)

'|n a
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40

DATA T1LOCK FOR SLPLOT SUBROUTINE

(X, Y, DEC)

Dimensions of Arrays:

x(5,50)

Y(5,50)

X direction is linear scale

Y direction is Log10 scale

Maximum of 5 curves plotted

DEC: Bottom ordinate of the Plot is 1 0 DEC

TABLE CIII
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C5. PLDATA Program

PLDATA converts raw measurements of brightness of EL vs.

voltage at a fixed frequency into a data block for plotting by

the SLPLOT subroutine. The program lots you choose at execution

time whether to plot vs. voltage or the inverse square root of

the voltage. This second form allows the operator to determine

ranges of applied voltage over which the ELFIT program can

provide accurate results.

Table CIV summarizes the format of the data file used with

the program. Figure C4 is a listing of the PLDATA program. It

must be loaded with the SLPLOT subroutine.
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PAGE

PLDATA PROF~GRAM

20 * L 0L T DATA WITH SLPLOT
140 L)IMENI'ýSI XQS'SO),PY5,pbo)
60 DATA X/250*0,/*y/250*o./
so DU) 10 Iz~1,*,

100 uJ 20 J=1050
12cn0 IRhADCI,1) N(Ijj)#yCj,j)
140 IF(X(I.,J)&LLj'*Q.) (;jJ' pO '
160 20 CUJNfINUE

900 10 CONUiNUiE
220 IRLAV( 1,2) EDL.C
2.4140 1 FJKJc:16. 3)

N801 ~ dE C 9,93)
300 3 k<W4AjC///'.;TYLE OFPOO
320 + 'I= X-VALIJES AS BIZADP/
3,40 + X1 t JTx*
360 +
380 kEAD(9,4)0 ISi
400~ 4 F0L1'\MA'f( I I
420 60 TO (30,-',O),IS
440 40 DO so 1=1,5
460 V.) 60 J=1.950

500 601 C-NTINUE
520 5U CONTINUiL
540 GO To 100
560 30 CONTINUE
580 100 CALL 6LPLOT(X,Y*D'EC)
600 lF(IEOFCI,, 102,,102.,103
620 102. IiE4L(1,i101
640 101 IFUi.'-2A'C 1 '

660 W HI TEC9.o 10) 1
660 ti-I i~C 9. 200)
700O 200 Fkj-,'-1ATC///)
720 103 s'ijp
740 EN

FIUR 4
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INPUT DATA FOR•AT FOR PLDATA (Uses SLPLOT Subroutine)

DATA FORMAT:

Device Linear Scale Log Scale

X_______ Y (2 E16.3)

I t

t t

I I

0. (terminates a curve)

0.

0.

0.

0. (After five zero. X inputs,
ready for DEC) D

DEC (E16.2)(Lowest ordinate plotted - 1 0DEC)

(Optional 30 Character Line for Data Identification)

Beware of Blank Records in File!!

TABLE CIV
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C6. ELDG Program

This program generates a set of EL brightness vs. voltage

and frequency values computed from the equation:

Brightness - D.Fa exp(4VF)

where D, a, and A are constants, F is the applied frequency,, and

V is the applied voltage. This program ts useful in checking the

results of the ELFIT program. The resultant data file is ready

for use by the PLDATA program.

The program asks for the D, a and A values along with their

ranges of validity at execution time. All data is entered at

the keyboard. The program will accept five voltage ranges but

the IR program can only use three ranges.

Table CV lists the formats for the Input data. Figure C5

is a listing of the ELDG program.
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LDG PHRiURAM

20 E L DATA GENER~ATOR FO~R IFLATA
.10 DIMENSION FC IO).A(5),VLCs),VUcS).DVcs),AVCs3)

100 1 F0i,;Al'eVULTAGE R'ANGE) VL&VU%')
120 1*%'EAD(9*9) VLCI),VUCI)
140 2 FkhVAT(2Elo.2)
160 IF-(VL.C1)-os) 30* 30,p 20
180 20 11=1
200 ll'i ITE C9,p3)
220 3 OfL-ANAT('0 I V AV ,ALPHA'/
P. 40 kKA0)(,A) L)V(I)*AVCI),Acl)
260 4 Fl.j 1-I L10. 2)
2dO 10 LCJLU.
300 30 COTIN"UE~
310
320
340 U1R ITE C 9.5)
360 5 J YRET( 'PIQU1vCIES 'I)
380 1JO '40 J=1,10
4100 )ýA1)(9.#6) F'(J)
4120 6 F*.A T ( E 0. 2)
440 1IF(F(J)-Oo. 50.*50*60
460 60 JJ-J
480 40 CON11NUE
500 50 CO~NTINUE.
510 k'8 I TE (9.-7)
511 7 FuIMiC'lTEXPONjENT OF SMALLEST O~RDINATE CF10.I)'/)
512 kEAD(9, s) DEC
513 8 F0 MAT(F 10 1)
520*
530 DO 80 L=IPJJ
540 Do~ 70 K1,Iol
660 C=10
680 V=VLCK)
700 IN*TVS=VLCK)/So
120 vmlqiv
740 11b b
760 9 ) C 0 il q l I.
840 IFCV-.iU(XK 212.2#221
8360 22 V= VU C 1N
880 C=Uo0
900 21 GJNT1&UL~b
920 ~ i(~W(V )V
940
960 LjL0'= V~(V(Xi) )
96S0 BLU(=lVL06ýLJ,- LLOG

10 200W I E I -9
10140 9 FjiiwjA1C 36.)

1120 CzC41.

1160 70 CUc~rNTF IINUc
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PA(iE 2

hLLDG 13HtGRAM

.1188 klI T bc. 9 Z0 Z j Uc

1190 80 Ck3NTINU1L
*1192 IF(JJ*Eoo$) (, 1,0 99

1193 DU 98 KlK=JJ,*4,l

1195 98 CONTIN'UE

1 200 SU
1220 E~ND

FIGUE5
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INPUT DATA FORMATS FOR ELDG

EQUATION: B - (F(L) **A(K))*DV(K)/SQRT(AV(K)/V)

DATA BLOCK:

Device Formats

TTY VL ___(E1_.2)(as asked for) , VU______ (E1O.2)
DV , AV , ALPHA (E1O.2)

VL DVU

DV , AV, ALPHA

0. (0 Voltage terminates parameter
Frequencies (E1O. 2) inputs)

0. (0 frequency terminates data input)

Exponent of (E16.2)
Smallest
Ordinate

Maximum of 5 voltage ranges

Maximum of lo frequencies

VL < Voltage Range < VU

TABLE CV
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C7. FM, AM and MASSA Programs

The MASSA program condenses the data file created by the IR

program into a more compact form for use with the AM and FM programs.

Figure CO lists the MASSA program. It calls for the input data

file at program execution time.

The FM program uses the brightness vs. radiation input data

generated by the IR program and condensed by the MASSA program to

approximate the operation of an image conversion panel driven by

several applied frequencies in rotation. The simulation is-that

a panel is driven at a constant voltage and one frequency (F 1 ) for

a short time (tl), then driven at another frequency (F 2 ) for a

short time (t2), and so on up to Fn for time tn and then driven

again at Fl, etc. If the sum ti is less than the time for the

eye to see flicker in the brightness of the panel, the viewer

perceives a simple average brightness of the panel. The FM

program sorts through the response curves generated by the IR

program and weights the output brightnesses for a selected frequency
n

by the fraction tj/Eti for that frequency. The program will accept

up to 20 desired frequencies but seldom is it worthwhile to construct

a data base large enough for use with that many frequencies.

Figure C7 is a listing of the FM program. Table CVI is a

summary of the data file format for the FM program. The FM program

may also be used to effectively sort and condense data for use in

the CASCAD program. The FM program must be loaded with the PLOT

subroutine.

The AM program works in an identical manner to tho FM program

only it computes a weighted average of different voltages applied

for short time periods at one frequency. Figure CS is a listing
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of the program. Table CVII describes the formats of the data file.
This program may also be used to sort data for CASCAD. The AM
program must be loaded with the PLOT subroutine.
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PAGE I

MASSA Ph'JGRAM

20 *MASSAbE LIGHT AM,' DATA
30 WFLAU= I
32 kLI-ADCl,4) LP

36 4 Fkht*4A T( IP)
40 10 kdEADC1.) BT,'F*F
60 1 FU$:*1lATc4EI2*A)
80 12 1=0
100 D3s=B
I1P0 TS=T
140 Vs
160 PSP

200 P FJWlATC 2rL 2.)
R1IC
220 20 i\E4IJ(1 11) P.t'T,Vsi.
240 1FC12Jtr(j)) :30*30a100
260 30 1ý('-FS') 40*50.P,40
230 40 IF'(1-19) 60j70.70
300 60 LVJ 8U J=11 18#1
320 t-.HITE(P..,3) GS5
340 3 F Uk,4I CiA1E 10*.10
360 8oc01 CdTIN u E
370 L; ' L) C7 0,110)p IIFLAG
380 70 UJ 10 12
400*
420 50 i 1I TE 2 j3) DS
440 1 ;II+ 1
460 BbS0
4h0 1 S=T

520 V=
540 uo) 70 20
560*
580 100 li'LA(=2
59U U.IJ TO 40

60U0N

FIGUEC
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PAGE I

FM PkJ• G)AM

20 * F+ DRIVEN LIGHT AMP

4060 DIMJEM.fIlON I(0FA(.),(15)VSX195

0 CO,'tM'JUN XXF, B.'),LP
100 DATA VS/5*0./
120 DJ 23 I=IP19
140 Do 24 J=I 5
160 XX(IPJ)=O.
180 BoI C) I., J) =O*

200 24 CON'TINUE
220 23 C O IIN U E'V

240 t.,I'NI '" r" )C
260 4 FJ,-6A'T'(/'CFREATF DATA VILE? 0=NJ, )=YES*/)
2 0 H•:A[)(', 9 I ) ;I.31':I T
300 5 I'•£.'A T( 1 )
320 15iW1 '1 = 11"1
340 W.•vHi E ( 9, 9 9)
360 99 FPLOA1(/ {<ANIT PLOT? 0=NW, I=YE5'/)
380 REA1)( 9.o5) I SV..I T2

,00 I S, 1 '2= I SWI T2+ I
4P20 WtU TE( 9.0 2)
440 2 F ,,'i'rAT(/'FkEO, ,FIACTIOi S'/'TE',.-INA.Ii!. W ,ITH 0.'/)
A60 I CUJ 1) = 1
480 P'd 10 1=o,2p0
500 REAO(9*1) FO(1I),.'.A(l)
52 0 ? F1 U;i-.A' C P.. I P.,o 4)
540 IF(FD(1)) 1,12,11
560 I1 IC=I
580 10 C UN 1I'UE
600 12 CUNI41NUE
62 " FS=PFL)( I)
640 *

660 hF2AO)C 1 7) LP
680 7 1 -W ,kAT' C'12)
"700 IF(IIT.EQ.2) ,IE(2,7) LP
720 20 iEAD(I., I) VF
740 D3 30 1=1,IC
760 I'fEFAVV(I)-F)-I*) 21,21,30

•00 21 A v E.." I
6 20 6 1, ' T, f FIGURE C7

b60 I30 J.')U 1

860 22 CJ.NLI .NL
900 (U IJ (/40p60),, IOUOD

920 40 UJ .S0 JslI.19
94110 hEAD1( I p 3)
960 3" IORAfC E 12.4)
980 50 CJNT,"VUE
1000 IFCIE0~F*(I)) 20*2O#80
1020 *

1040 60 DO 69 K=1,5
1060 I'(A!;.,(V-VS(K))-1.) 66#66,69
1060 69 CO,4 IINUK
I100 DU 68 KzIv5
1120 IF(VS(K)) 68,o67,68
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PAGE 2

FM PRO GRAjM

1140 6' CUNTINUE
1160 1GOJJD= I
1180 6U 01T 22
1200 67 V5(K)=V
1220 66 C UN•'TINUE
1240 Du 70 I1=119
1260 READ( Io 3) 1t
1 280 BOC(IPK)=[3'J(I•K)+(FIA(ISAVE)*B)

1300 70 CULI''t NUE
1320
1340 iF(IE}LWFCl)) 20.20o.%0
1360 bO C W "1\ II' NUE

{ ~~13b 06 ( TJ"1 ( 9 1 • p)*. • IsV',j' '

1400 92 CLINTINUE
1420 DiJ 93 K=1*5
1440 DX 94 J=1,19
1460 F(DU3(JpI)) 93"93,95
1480 95 1',PiiE(2,6 BJ(J.K)
15C00 6 FJfi".A,'1AT( fi. I P 4)
1520 94 C jN'IT',N LL
15!40 93 CONIINL•E
1560 91 L(,J *"J (97,96),1St' 2
1560 96 CALL I jPL
1600 97 CU.T•N"I U E
1620
1640 EN D

FIGURE C7
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INPUT DATA FORMATS FOR FM

Device: Data Format:

TTY Frequency_ Fraction(as asked for) Fr qraction_ (E12.4)

p 
____ 

__ ___ __ ___--___ __

0. (maximum of 20)

Voltage , Frequency (E12.4)

Brightness (E12.4)

19 values

Voltage , Frequency

Brightness

etc.

TABLE CVI
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PAGE:

Awl PH0G1KAM

20 *AM UNIVI;N LIGHT AMP
40*
60 DIMENSION VDC20),PFJ-A(P.0),pJ( 19.,S)tS(5),XXC t9.5S
80 CU3MMUN ŽXXBO.LP

100 DATA '/*.
120 DOi 23 1=1*19
140 DU 24 J=1#5
160 XX(1,J)=Oo
180 L30(I*J)=O.
200 P.4 COiNTIiqUL
220 23 CONTINUE

P40 WRI'IE(v,'i)
260 4 U ATA F~ILE? 0=N~s 1=YE:S/l
e80 Mk.Ab(9,"5) ISWIT
300 1 S IT= I W'T+ I
320 5 11VV I)
340 ViNITL(9,99)
360 99 FURMAT(/'WANT PLOT? 0=NOJ, 1=YESI/)

400 ISWI +12= 1bwVj2 ,,+I
420 WkIIE902
440 2 FOR,~ /'w~'G~p RCIOS 'EMINT WI~TH 0.9'/)
460 1IUk(L2V I
480 K=O
500 uLI 10 I~ip20
520 IkEAU(9.,)) VDCI),IRA(l)
540 1 IJ 1A T C2EI 2, 4)
560 IFCVV)CI)) 1101P.011
580 11 Ic=I
600 10 CUNTIN\IE
620 12 CUNTINUE
640 VS=VD(I)
660*
680 kEAU(1,*7) L?
700 7 Fi,1ATC 12)
720 IICIV E:)dilITL(2, 7) Lil
74f) 20 iJEAv 1) . ) V, F
760 Vu 30 lr.I,LICFIUEC

900 22 C JN II N U F
9pu0 TO 1 (40s60)p IrGJUV
940 40 DO 50 Ja1s19
960 X-EAD(1*3)
960 3 i'01%,AACEl2.I 4 )

1000 5U CONEjINUE
10W0 IFCIEJP*Ct)) 20#20*60
1040*
1060 60 [DO 69 KmIDS
1080 IFCAUCiY-FS(K))-j.) 66i*66,69
1100 69 CONIINUE
1120 DO 68 K=1#5
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PAGE 2

AM P)W61AM

1140 IF(FS(K)) 68,67,68
1160 .,8 Co4k'IIq UL
1I50O I k')O D=: I

1200 Go l 22
1220 67 P'! (K)=F
1240 66 C ONIINU V
1 260 Uj 70 11=, 1919.80 8(A(I3

1320 70 CriJU:

1340 VS=V' ~1.1,OI160'F() 20.,20,ptI0
13•$0 ilO (X,)NiINUE
1400 (-,.J 'Il ( ,9., S. T
1420 92 CO"NTINUE
14-i10 JLi 93 K=I 5
14/60 DO 94 J."119

li DI}( (J,•()) 93. 93, 95
1500 95 FJIf'(J,6) J(JK)
15P0 6 IdRLW1(t... )
1b40 94 Cu14L\4NUu
1560 93 CUN'I'jýUL
15830 91 Gi TO (97,96) 1..IT 2
1600 96 CALL LJL2CjL
1620 97 CONTINUE
1640 S''p
1660 EiND
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INPUT DATA FORMATS FOR AM

Device: Data Format:

TTY Voltage , Fraction (E12.4)
(as asked for)

9 _ii____i___ii_____________

0. (maximum of 20)

1 Voltage , Frequency (E12.4)

Brightness (E12.4)

19 values

Voltage Frequency

Brightness

etc.

TABLE CVII
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II

C8. CASCAD Program and MASSA 2 Program

The MASSA 2 program converts the data files generated by IR

and MASSA into a form compatible with the CASCAD program. The IR

program can generate up to 25 output brightness curves for different

voltage and frequency combinations. The CASCAD program will only

plot data for 5 possible output combinations of the second stage

panel. The operator should edit his data files to make sure that

the fil]s tied in dovire 2 contain no more than 5 curves. The AM

or FM program can be used to sort the files generated by IR and

MLASSA. For instance, if the operator using AM selects 100% of

one voltage to be used, the output data file will contain brightness

curves at only that operating voltage and all frequencies that were

available.

The CASCAD program takes a set of 19 output brightnesses from

the first image panel and uses these brightnesses with linear

interpolations from all sets of output brightnesses for the second

state image panel to generate an approximate simulation for a two-

stage image converter. The program permutes all curves of the

second stage panel on each curve of the first stage panel.

Either or both of the simulated image conversion panels may

have been AM or FM simulated panels. At this stage in the simulations,

operator discretion is mandatory or one may drown in output curves.

Figure C9 is a listing of the MASSA 2 program. Figure C10

is a listing of the CASCAD program. TablcCVIII is a summary of input

data formats for CASCAD.
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PAbE~ I

MASS'A2 IPhJ(bRAM

20 *MASSA2
40 * PkEPAKES MA~SA6hED DAIA FO0R CASCAD
60 D1MiENSIUN B3(19)

80 HEAUC1.1) LP-
100 Wkld'E(2*1) LP
120 1 iFihMAT(12)
IL A 2 F 0 ixfviCAl1 El2 *4)
160 3 F 0A&A T(2E I :-. 4)
180 30 hKA V CI p3) VpF
200 DU 10 1=1s1¶.

P20 kLAL)(1,2) B3Q)
240 10 C N71 NL, EL'
260 Di E0 I1::1019

300 20 c UNT1 N UE
320 IF(L I1) 30Op30,p40
3~40 40 kilJI- Li'W
360 E~ND

FIGREC9J
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CAiCA1) PhiJbhkAiv

20 *CA.',CAD

40 * UhdUMPUS UUTIPUI OF CA!ýCAVIKV LIGHT AMPS

160 UL)U 13 J=*
160 Ax~IJ)=Us
P200 13 Ct;A* ILUE

$O 12 GJN~l'Jl2
P. I0 V.) 10 i.=4P16R3

r60) I ( I+I )=I C I-3)*l 30

300 j12)11)*.

340*
360 v)1*L I
300 1 OuAl /Ch:Vi /A FILE .? O=0'.iJ I=YES I/)
400 J\Lo4U(Yv*P) W1
A 120 2 1-Ji-AA] C11

460 WldIKli (9.03)
4 ;- 3 0 3 ('Li(~~4~ ~ INPUT' N~ADhAI AT1N V)

520 k.-VU2C9,7) LP
5.eo kEAlJCP.,6) Le'
b60 1%I%I l'E( 9.7) LiP

600 6 FU:.-oll( 121)
6 CP 7 F~hiiC I OX, ' I E 12)
640 4 P Os- ,,*Al(EA Pe 4)
660 f13a 10.**LP
680
700 L)J 20 1 1 19
7 P0 'I ( I~ C I )*TD/1 o E- 6)

7bo 30 TO ~~ 1)L) I .J1 101

840 V 31 1=U,;:'

Lbb0 !) F.JgwA I(:* 12 a: 4)
tb 0 35 GJ~v I I i4U.

980 kL)A-) 3,1 ) 1 rn I 19
9/O32 C01,41

960 ,J-;J+I

1000O 40 OJ) 50 1Im,1l

1040 IV1 (J6UI(=-10)1

1060 80 1) (K- I ý0 60# 90,p O

110i0 90 1)J( I *J)t'NYK)

I1-( I V, SOj 1I0 ibi
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IJA(UE 2

CA~SCAL) PHOGýAM

11,40 70 N=K
1160 8C,)3(- (f2Kl2K1)C1I-~<t)
11130 + /CI'(K.-rI(K-1 ))
1200 IFCI3UCIaJ)*LL*0.) R0 JeJ):j .E- 0
1220 50 CNI I INUW
124110 1FCIE0I~c2).IEQ1) UJ 10 100
1260 6 J TfO 3b5

13P.0 100 (-.- 1IJ (103" top)#!1'1

1360 103 CALL LJ~jPL
13cio UJP.) *S
11400 DO P.6 H1,19l
1420 IiJCKi )=Oe
14140 26 CU.AIINUiL
1460 25 C0,411 NU E
141s0 J=O)
1500 JU'%-EINV P
1520 6 0 W 3 0
1540 101 STUP
1560 LN

FIGM C10
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INPUT DATA FORMAT FOR CASCAD

Device: Data Format:

1 LP (I2) (Beginang input Radiation -
(First Stage) 10 )

Output Brightness (E12.4)

19 values

Brightnesses are in groups of 19

2
(Second Stage) LP_...... (12)

Output Brightness

19 values

(Same format as for device 1)

(Maximum of 5 groups of Brightnosses)

TABLE CVIII
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