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My invention is directed toward electroluminescent im 
age display devices. 

Certain types of phosphors, when placed in an electric 
Iñeld, will luminesce, the intensity of the emitted light 
being some function of the strength of this applied ñeld. 
Consequently, ñlms or layers containing such phosphors 
can be used to transform electrical energy to light energy. 
Phosphors of this type are said to be electroluminescent. 
A first type of electroluminescent layer is formed sole 

ly from electroluminescent phosphor and is termed a ho 
mogeneous layer. A second type of electroluminescent 
layer is formed from a suspension of electroluminescent 
powders in dielectric media as described, for example, in 
the copending patent application Serial No. 306,909 filed 
August 28, 1952, by Norman L. Harvey. 

Conventionally, an electroluminescent layer of either 
type is subtended and electrically connected ̀ between first 
and second transparent electrically conductive íilms, thus 
forming anelectroluminescent cell. A voltage is applied 
between the two ñlms, and the cell luminesces in accord 
ance with the magnitude of the ̀ applied voltage. When 
the ñrst type of layer is used, a constant or variable volt 
age can be applied across the cell; when the second type 
of layer is used, the applied voltage must be a variable 
voltage. 
An electroluminescent film can be interposed between 

first and second mutually perpendicular (for example, 
horizontal and vertical) arrays of parallel, separated elec 
trical conductors to form a crossed-grid structure. In such 
a structure the ñlm is divided into small sections or “cells," 
each of which is situated between one horizontal con 
ductor and one vertical conductor. It is known that ap 
plying a suitable electric potential dilîerence between the 
pair of conductors associated with any given cell will 
cause that cell to luminesce. 
Such applied potentials can be switched or commutated 

between different pairs of conductors, to successively en 
ergize each cell in turn, thus producing an effect analogous 
to scanning in a cathode ray tube. If a signal carrying 
image information is applied to each energized ̀ cell in 
turn, the combined action of the signal and the scanning 
effect on the crossed-grid structure will cause the structure 
to display an image in a manner analogous to a cathode 
ray tube. . 

In my copending application, Serial No. 641,981 tiled 
February 25, 1957, I disclose an improved electrolumi 
nesccnt cell having increased light output as compared to 
conventional cells. This improved cell comprises a ho 
mogeneous electroluminescent layer, a heterogeneous elec 
troluminescent layer, a photoconductive layer, and lirst, 
second and third electrically conductive ñlms. The lirst 
lilm is in electrical Contact with one side of the homo 
geneous layer;,the second ñlrn is in electrical contact with 
one side of the photoconductive layer and one side of 
the heterogeneous layer; the third ñlm is in electrical con 
tact with the other side of the heterogeneous layer. The 
other sides of the homogeneous layer and the photocon 
ductive layer are in electrical contact with each other. 
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A direct voltage is applied between the first and second 

films, and an amplitude varying electrical signal is applied 
between the second and third films. As a consequence, 
the heterogeneous layer is energized, its light output vary 
ing in accordance with the amplitude variations of the 
applied signal. 
When the heterogeneous layer does not emit light, the 

voltage drop across thehomogeneous and photoconduc 
tive layers produced by the direct Voltage appears pri 

photoconductive layer and the homo 
geneous layer does not luminesce appreciably. 
When the heterogeneous layer does emit light under 

the influence of the applied signal, this emitted light will 
irradiate the photoconductive layer, thus reducing its re 
sistance. This reduction in resistance decreases the volt 
age drop across the photoconductive layer and, conse 
quently, increases the voltage drop across the homogene 
ous layer to a point at which the homogeneous layer will 
emit light. The light output from the homogeneous layer 
varies with the light output from the heterogeneous layer 
and thus varies in accordance with the applied signal. 

In a sense, the portion of the structure subtended be 
tween the first and second conductive films can be re 
garded as analogous to an anode-cathode circuit of a 
vacuum tube amplifier, while the portion of the structure 
subtended between the second and third conductive films 
can be regarded as analogous to the grid-cathode circuit 
for this amplifier. 
The light output of the improved cell thus far de 

scribed, -while acceptable for applications requiring only 
moderate amounts of light, is insu?licient for many appli~ 
cations. More particularly, in this cell the dark resist 
ance of the photoconductive layer is dependent upon the 
thickness of this layer; since the dark resistance must be 
high relative to the resistance of the homogeneous elec 
troluminescent layer, the photoconductive layer must be 
relatively thick. However, in this type of ampliñer, most 
of the light incident upon the surface of the photocon 
ductive layer is absorbed in the surface itself. With the 
layer thickness required, the percentage change in resist 
ance, resulting from Variations in light emitted from the 
heterogeneous electroluminescent layer is relatively small 
and limits the light output. 
As further disclosed in the above identiñed applica 

tion, Serial No. 641,981, the light output of the ampli 
ñer is increased by “matching” the homogeneous and 
photoconductive layers in the manner taught in the, co 
pending application of Gertrude Rothschild, Serial No. 
619,729, liled November l, 1956, now Patent No. 2,915, 
641; i.e. the homogeneous layer has a wavelength de 
pendent light emission characteristic at which the emis 
sion attains a maximum value for a given range of wave 
lengths and the photoconductive layer has a wavelength 
dependent photoconductive sensitivity characteristic at 
which the sensitivity of the layer as a whole attains a 
maximum value over the same given range of wave 
lengths. In this arrangement, as explained in more detail 
in the Rothschild patent application Serial No. 619,729, 
the dark resistance of the photoconductive layer can be 
made high relative to the resistance of the electrolumi 
nesccnt layer by appropriate adjustment of the thickness 
of the photoconductive layer. Further, when this rela 
tionship of the light emission characteristics of the elec 
troluminescent layer to the photoconductive sensitivity 
characteristic of the photoconductive layer is established, 
the photoconductive action is not coniined to the surface 
of the photoconductive layer, but rather extends substan 
tially throughout the entire layer. 

I have succeeded in modifying thisimproved cell in 
such manner as to produce a crossed-grid structure. This 
structure as compared to conventional structures has 
greatly increased light output and further permits the 
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switching or commutating potentials and the information 
carrying signal to ybe separated from each other and sep 
arately utilized. Y 

- Accordingly, it is an object of my invention to provide 
a new and improved crossed-grid structure. ' Y 

Another object is to increase the light output of crossed 
grid structures. 

Still another object is to permit separate utilization of 
switching potentials and information bearing signals in a 
crossed-grid structure. » 

These Vand other objects of my invention will either be 
explained or will become apparent hereinafter. 

In accordance with the principles of my invention, I v 
provide an electrolurninescent structure having in the 
order named, a first array of separated, parallel, trans 
parent electrical conductors; a first homogeneous electro-> 
luminescent layer; a photoconductive layer; a second 
array of Separated, parallel, transparent electrical con 
ductors oriented at some angle other than zero with re 
spect to the first array conductors; a transparent insulat 
ing film; a first transparent electrically conductive film; a 
second heterogeneous electroluminescent layer; and a sec 
ond conductive film. 

Preferably, the light adsorption properties of the photo 
conductive layer are matched with the light emission 
properties of the first‘electroluminescent layer in the man 
ner taught by Rothschild, patent application Serial'No. 
619,729, now Patent No. 2,915,641. ` 
The first and'seeond arrays, together with the first elec 

troluminescent layer and the photoconductive layer, form 
a crossed-grid structure. Each conductor in the first ar 
ray crosses over each conductor in the second array to 
form a cross-over point thereat. . 

Conventional switching or commutation means cou 
pled to the conductors of both arrays serveto selectively 
condition each cross-over point in turn. By the term 
“condition” I mean that a D.C. potential is applied bc 

v tween the two conductors forming the cross-over point to 
` be conditioned. In the absence of light excitation of the 
photoconductive layer, the dark resistance of the photo 
conductive layer and the value of the D.C. bias are such 

excited but is biased almost to the point of excitation. 
An A_C. signalis applied between the first and second 

conductive films and energizes (weakly or strongly) the 
entire second electroluminescent layer. The light emitted 
from this second layer _irradiates the photoconductive 
layer, thus reducing its resistance and causing the first 

v electrolurninescent layer to luminesce in the region of the 
conditioned cross-over point. The intensity of the light 
output from the luminescent portion of the first layer 
will vary in accordance with the AC. signal but will be 
at a higher level of intensity of the light emitted from 
the second electroluminescent.layer. 
My invention will now be described in detail with ref' 

` erence to the accompanying figure which is a partially 
cut away view of one embodiment of my invention. 

Referring now to the figure, there is shown an electro 
luminescent sandwich-like structure comprising in the 
order named a transparent glass plate di?, a ‘first set of 
horizontal, parallel, separated,'transparent, electrical con 
ductors 42, 44», 46; a first homogeneous electrolumines 
cent layer 48; a photoconductive layer Sii; a second set 
of vertical, parallel, separated, transparent, electricall con 
ductors 52, 5d, 56, etc.; a transparent electrically insulat 
ing film 58; a first transparent electrically conductivefilm 
60; a second heterogeneous electroluminescentflayer-62; 
and a second electrically conductive film 64. i 

Direct voltage switching or commutating potentials 
are applied sequentially across terminals ¿i2-456, 42-54, 
42-525 44-46, etc. to sequentially condition ‘each cross 
over point for conduction in the manner previously de 
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4 
scribed. The apparatus for producing such potentials 
is known and consequently is not shown in the figure. 
An amplitude modulated signal is applied across termi 

nals 10, thus actuating the entire second electro-lumines 
cent layer, the second layer luminescing to an extent 
dependent upon the magnitude of the signal. The light 
emitted from the second layer irradiates the entire photo 
conductive layer and decreases its resistance. However, 
as a result of the “conditioning” of each cross-over point, 
the light output from the first electroluminescent layer 
is confined to a localized region about the particular con 
ditioned cross-over point.v 

It will beapparent from the foregoing that the switch 
ing or commutation potentials act only upon the crossed 
grid section of my device, while the signal is always 
supplied across the terminals it). Thus, the signal and 
these potentials are electrically isolated from each other 
and yet optical interaction is obtained. 
When the light output of the homogeneous layer can 

be relativelyl low, the photoconductive layer need not 
be used. In this situation, the homogeneous layer itself, 
rather than the series combination of the homogeneous 
and photoconductive layers, is conditioned by the switch 
ing potentials. Y ‘ 

While I have shown and pointed out my invention as 
applied above, it will be apparent to those skilled in 
the art that many modifications can be made-Within the 
scope and sphere-of my'invention as defined in the claims ' 

which follow. 
What is Vclaimed is: _ 
1‘. In combination, a first array of parallel, separated» 

electrical conductors extending along a first direction;` 
a second array of parallel, separated electrical conduc 
tors extending along a second and differentl directionra 
structure interposed between and in electrical contact Y 
with said first and second arrays, said structure including', 
in series connection a first homogeneous electrolumines 
cent element and a second photoconductive element, ‘said 
first element having a wavelength-dependent light emis 
sion characteristic at which the emission attains a maxi 
mum value for a given range of wavelengths, said sec 
and element having a wavelength-dependent phtotocon 
ductive sensitivity characteristic at which the sensitivity 
attains a maximum value over substantially the same saidv 
range and furtherhaving a fundamental absorption edge 
definedl by a wavelength smaller than any Wavelength 
in said range; r'a transparent insulating tilm applied over 
said first array; and an electroluminescent cell applied 
over said insulating film, said cell including a third> 
heterogeneousY electroluminescent layer electrically con 
nected to and interposed between ñrst and second elec 
trically conductive ñlms, ‘ 

2. In combination, a crossed-grid structure; an elec 
troluminescent cell; and a transparent electrically insu 
lating film‘interposed between said cell and said struc 
ture. r . 

3. In combination, a crossed-grid structure provided 
withrfirst and second spaced'coplanar arrays extending 
'inrespectivefirst and second non-parallel direction, each 
array >being composed of' a plurality of parallel, sepa 
rated, electrtical conductors, and an element interposed 
between and in lelectrical contact with said arrays, said 
elementl including in, series connection a homogeneous 
electroluminescent lai/6_1' anda photoconductive layerf 
anelect’roluminescent cellprovided` with a heterogeneous, 
electroluminescent layer, opposite sides of saidY hetero 
geneous-layerbeing coated with an electrically conductive, 
fihn; and, a-_transparcnt insulatingtilm `interposed bc 
twecnf said cell ~` and said elementgsaidinsulating film 
making physical contact with one ofA said arrays and 
one of said conductiveffilms. ’ 

4. Inrcombination, a crossed-grid structure provided 
with first 'and second spaced coplanar arrays extending` 
in respective first andvsecond non-parallel directions, each 
array being composed of a plurality of transparent, par 
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allel, separated electrtical conductors, and a structure in 
terposed between and in electrical contact with said ar~ 
rays, said structure including in series connection a homo~ 
geneous electroluminescent layer and a photoconductive 
layer; an electroluminescent cell provided with a hetero~ 
gencous electroluminescent layer, opposite sides of said 
heterogeneous layer being coated with an electrically 
conductive film, at least one of said íilms being trans~ 
parent; and a transparent insulating film interposed be 
tween said cell and said structure, said insulating film 
making physical contact with one of said arrays and 
said transparent conductive films. 

5. The combination as set forth in claim 4 further 
including means coupled to said arrays to supply switch~ 
ing potentials thereto and means to apply an amplitude 
modulated signal between said two conductive ñlms. 
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