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My invention is directed toward electroluminescent de 
vices. 

Certain types of phosphors, when under the in?uence 
of an externally applied electric ?eld, will luminesce, the 
intensity of the emitted light being some function of the 
intensity of this ?eld. Consequently, ?lms or layers 
formed from such phosphors can be used as transducers 
for converting electrical energy into light energy. These 
layers, for example, can be formed by dispersing phos 
phor particles in dielectric media, or can be formed ‘from 
one or more phosphor crystals without a dielectric. 
One type of device utilizing such layers is known 

to the art as a bistable electroluminescent cell. This 
type of cell is a sandwich type structure employing sepa 
rate photoconductive and electroluminescent layers elec 
trically connected in series and so arranged that some of 
the light emitted from the electroluminescent layer, upon 
excitation of the latter impinges on the photoconductive 
layer. The electrical characteristics of the two layers are 
chosen such that the photoconductive impedance in the 
dark is high relative to the electroluminescent impedance. 
Further, when the photoconductive layer is illuminated, 
the photoconductive impedance is much lower than that 
of the electroluminescent layer. ' ‘ 

As a consequence of these impedance characteristics, 
when a voltage is applied between the two layers and the 
photoconductive layer is in the dark, the electrolumines 
cent layer remains quiescent and emits substantially no 
light. The cell is then in its ?rst, or unexcited, electric 
state. 

However, when a voltage is applied between the two 
layers and the photoconductive layer is stimulated by 
a light signal, the impedance of the photoconductive layer 
decreases sharply, and a larger portion of the applied 
voltage appears across the electroluminescent layer and 
causes it to luminesce. This luminescence produces ad 
ditional illumination of the photoconductive layer, thus 
further decreasing the photoconductive impedance. As 
a result, the photoconductive impedance decreases to a 
minimum, and the electroluminescent layer luminesces 
brightly. The cell is then in its second, or fully excited, 
state. The cell will remain in its second state even after 
the light signal is extinguished since the photoconductive 
layer ‘remains illuminated by light from the electrolumi 
nescent layer. conventionally, the cell is returned from 
its second state to its ?rst state by removing the applied 
voltage therefrom. ‘ 

In accordance with the principles of my invention, I 
provide a matrix of interconnected bistable cells of the 
type indicated, wherein each cell can be separately placed 
in either one of its two states and wherein any selected 
cell can be returned from its second state to its ?rst 
state without the necessity of removing the applied volt 
age trom the selected cell. 
More particularly, I employ a cross-grid structure pro 

vided with a ?rst array of parallel, separated, ‘electrical 
conductors extending in a ?rst direction and a second 
array of parallel, separated, electrical conductors extend 
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2 
ing in a second and non-parallel direction. The con 
ductors in at least one of the two arrays are light-trans 
parent. Each conductor of one array passes over all 
conductors of the second array. The point at which any 
one conductor in the ?rst array passes over any one con 
ductor in the second array is termed a cross-over point. 
A separate bistable electroluminescent cell is positioned, 
at each cross-over point and is interposed and electrically 
connected between the appropriate ?rst and second array 
conductors. Each cell comprises a photoconductive ele~ 
ment and an electroluminescent element in series cori 
nection. The photoconductive and electroluminescent 
elements of each cell are so oriented with respect to each 
other that light emitted from the electroluminescent ele 
ment will impinge upon the photoconductive element. 
When all ?rst-array conductors are maintained at a 

‘ ?rst potential and all second-array conductors are main 
tained at a second and di?erent potential, and the various 
cells are in the dark, each cell will be in its ?rst state. 
When a light signal impinges upon a transparent con 
ductor at any selected cross-over point, the cell positioned 
at this point will be placed in its second state, and will 
remain in this state when the light signal is extinguished. 
However, a bistable cell will possess a stable second 

state only when the voltage drop across it equals or 
exceeds a predetermined minimum value. More particu 
larly, for the cell to continue to produce light in the ab 
sence of incident light radiation, the impedance of its 
photoconductive element must be maintained at a low 
value. Hence, its electroluminescent element must emit 
a minimum amount of light su?lcient to maintain the im 
pedance of the photoconductive element at the desired 
low value. The minimum value of voltage which, when 
applied across the cell, will cause the electroluminescent 
element to emit this minimum value is de?ned as the mini 
mum holding voltage. This minimum value will have dif 
ferent values dependent upon the cell geometry, but for 
a given geometry, the minimum value is ?xed and con 
stant. Applied voltages falling below this minimum 
value will be insu?icient to maintain the cell in its Second 
state; the cell will then return to its ?rst state. 
When all ?rst-array conductors are maintained at a 

?rst potential and all second-array conductors are main 
tained at a second and di?erent potential, the potential 
difference between the two potentials being at least equal 
to the minimum holding voltage, one or more cells can be 
placed in the second state by directing a light beam suc 
cessively upon the transparent conductors along the ap 
propriate cross-over points. I further provide means 
coupled between the conductors of any selected cell to 
reduce the potential difference therebetween to a value 
less than the minimum holding voltage. When this 
selected cell is in the second state, and the potential dif 
terence thereacross is‘ so reduced, the selected cell will 
return to its ?rst state, the state of the other cells remain 
ing unchanged. 

Illustrative embodiments of my invention will now be 
described with reference to the acompanying drawings 
wherein: 

Fig. 1 illustrates one embodiment of my invention; 
Fig. la is an enlarged fragmentary view in cross sec 

tion of the matrix of bistable cells shown in Fig. 1; and 
Fig. 2 illustrates a second embodiment of my invention. 
Referring now to Figs. 1 and 1a, there is shown a 

matrix of bistable cells having a ?rst array of separate, 
parallel, transparent, electrical conductors extending in 
a ?rst direction, in this example, vertical conductors 20, 
22, 24, 26, and 28. Further, the matrix includes a second 
array of parallel, separate, transparent, electrical con-. 
ductors extending in a second and different direction, in’ 
this example, horizontal conductors 30, 32, 34, 36, and 38. 
A selected horizontal conductor 32 is coupled to the 
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arm of potentiometer 42, one end of the potentiometer 
being grounded, the other end being coupled to, terminal 
46. All other horizontal conductors, namely 30, 34, 36, 
and 33, are connected directly to terminal 46. Similarly, 
a selected vertical conductor 24 is coupled to the arm of 
potentiometer 44, one end of potentiometer 44 being 
grounded, the other end being connected to terminal 48. 
All unselected vertical conductors 2t}, 22, 26, and 28 are 
connected directly to terminal 48. 
As will be apparent, each vertical conductor crosses 

over all horizontal conductors to form a plurality of 
cross-over points thereat. interposed at each cross-over 

" point and electrically connected between the vertical and 
horizontal conductor de?ning this point is a circuit com 
ponent 190. 7 Component 1&0 includes in series 'connec 
tion a separate photoconductive element 102 and an elec— 
troluminescent‘ element 104, these two elements having 
relative positions at which light emitted from the electro 
luminescent element 164 impinges upon the photocon 
ductive element 102. The electroluminescent element 
can be a separate element or alternatively, can be part 
of a continuous electroluminescent layer. 
A ?rst alternating voltage having an amplitude V is 

applied between terminal 46 and grounded terminal 50. 
A second alternating voltage opposed in phase with re 
spect .to the ?rst voltage but otherwise identical thereto 
is applied between terminal 48 and terminal 50. (The 
phase opposition of these voltages results in opposite 
instantaneous polarities indicated in Figs. 1 and 2.) ' Con 
sequently, the voltage difference between any horizontal 
conductor other than conductor 32and any vertical con 
ductor other than conductor 24 is equal to 2V. 
By virtue of the settings of potentiometers 42 and 44,7 

an alternating voltage having the same phase as the ?rst 
applied voltage, but having a different and lower ampli 
tude'V’ is applied between-horizontal conductor 32 and 
ground. Similarly, an alternating voltage having the 
same phase as the second applied voltage but having a 
second and lower amplitudeV' is applied between ver 
tical .couductor 24 and ground. ' > 

' Hence, a voltage drop' of 2V’ appears across the com 
ponent 1% located at the cross-over point 40 between 
horizontal conductor 42 and vertical conductor 24; a 
voltage drop of V-l- V’ appears across all components 10!)‘ 
positioned at the points at which vertical conductor 24 
crosses over horizontal conductors 30, 34, 36, 38 as well 
as the components positioned at the points at which ver 
tical conductors 20, 22, 26, and 28 crossover horizontal 
conductor 32; and a voltage drop of 2V appears across 
all components positioned at the points at which horizontal 
conductors 30,134, 36, and 3% cross over vertical conduc 
tors 2t), '22, 26, and 28. The voltage values are so se 
lected that the'voltage drop of 2V’ has a value below that 
of the minimum holding voltage, while the voltage drops 
V+ V’ or 2V have values at least equal to the minimum 
holding voltage. ‘ 

Consequently, when the cross-over points are suc 
cessively scanned by a light beam directed along the ver 
tical transparent conductors, the component located at 
each cross-over point will be triggered from its ?rst or 
unexcited to its second or excited state in the manner 
previously described. Thereafter, the component at any 
cross-over point other than cross-over point 40 will re 
main in its second state in the manner previously indi 
cated, since the voltage applied across this component 
will be at least equal to the minimum holding voltage. 
However, when the cross-over point'40 is no longer ir 
radiated by a light beam, its circuit component will return 
to its ?rst state since the voltage applied thereacross is 
less than the minimum holding voltage. 7 

It is often necessary to produce a pattern of excited 
cells on the matrix as, for example, by scanning with a 
light beam and subsequently extinguish some of these‘ 
excited cells ‘after the scanning operation is completed. 
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4 
This action can Ibeaccomplished in the manner shown 
in Fig.2. . > ' ' 

In Fig. 2, all horizontal conductors are connected 2 
through corresponding isolation resistors 60, both di- U 
rectly to terminal 76 and, through potentiometer 72, to 
ground. Similarly, all vertical conductors are connected 
through‘the corresponding isolation resistors 58 both di 
rectly to terminal 78 and, through potentiometer 74, to , 
ground. The'junction between any horizontal conductor 
and its resistor 60 is connected through a separate ?xed" 
contact of switch 82. Similarly, the junction between 
each vertical conductor and its resistor 58 is coupled to a 
separate ?xed contact of switch 84. The arm 66 of 
switch 82 is coupled through one side of switch 80 to the 
arm of potentiometer'72. The arm’ 62 of switch 84 is 
coupled through a second arm of switch 80 to potentiom 
eter 74. With switch 70 closed, a ?rst alternating voltage 
having an amplitude of V is‘applied between terminal 76 
and ground, while a second alternating voltage opposed 
in phase but otherwise identical to the ?rst alternating 
voltage is applied between terminal 78 and ground. 

If the, settings of potentiometer-s 72 and 74 are adjusted 
in the same manner as in Fig. l, the component at any 
selected cross-over point can be maintained at a voltage 
of 2V’ less than the minimum holding voltage, while all 
other components are maintained at a voltage at least 
equal to the minimum holding voltage. In this example, 
the component located at cross-over point 57 de?ned by. 
the intersection of vertical conductor 57 and horizontal 
conductor 54 is maintained at this voltage of 2V’. How 
ever, by appropriate settings of switches 82and184, any 
selected cell can be extinguished. More particularly, with 
switch 70 open, switches 82 and 84 are set torextinguish 
the selected cell; this cell is then returned to its ?rst stat 
by momentarily closing switch 7 0. _ - 

While I have shown and pointed out my invention as 
applied above, it will beapparent to those skilled in the 
art that many modi?cations can be made within the scope 
and sphere of my invention. , " 
What is claimed is: 
1. An electroluminescent device comprising, a ?rst 

array of parallel, separate, electrical conductors extend 
ing in a ?rst direction; a second array of parallel, sepa 
rate, electrical conductors extending in a second and 
different direction, the conductors in at leastone of said 
arrays being transparent, each ?rst'array conductor pass 
ing over each second array conductor to form a cross-% 
over point thereat; and a plurality of separate circuit 
components, each component being positioned at _a corre 
sponding cross-over point and being interposed and elec 
trically connected between the two conductors de?ning 
said corresponding point, each component including a 
photoconductive element and an electroluminescent ele—. 
ment inseries connection, these elements having respec 
tive positions at which light emitted from the electro 
luminescent element. will impinge upon the photoconduc-v. . 
tive element; means to maintain a potential difference be 
tween a selected ?rst array conductor and a selected 
second array conductor which falls below the minimum 
holding voltage; and means to maintain a potential differ 
ence between any unselected ?rst array conductor and 
any unselected second array conductor which is at least 
equal to the minimumrholding voltage; ~ . 

2. An electroluminescent device comprising, a ?rst 
array of parallel, separate, electrical conductors extend 
ing in a ?rst direction; a second array of parallel, sepa 

. rate, electrical conductors extending in a second and 

75 

different direction, the conductorsin at least one of said 
arrays being transparent, each ?rst array conductor pass- . 
ing over each second array conductor to form a cross 
over point thereat; and a plurality of separate circuit 
components, each component being positioned at a corre 
sponding cross-over point and being interposed and elec-' 
trically connected between the two, conductors de?ning 
said corresponding point, each component including a 



2,932,770 
5 

photoconductive element and an electroluminescent ele 
ment in series connection, these elements having respec— 
tive positions at which light emitted from the electrolumi 
nescent element Will impinge upon the photoconductive 
element, one selected ?rst array conductor being main 
tained at a ?rst potential, all unselected ?rst array con 
ductors being maintained at a second potential, one 
selected second array conductor being maintained at a 
third potential, all unselected second array conductors 
being maintained at a fourth potential, the di?'erence 
between said ?rst and third potentials being less than 
the minimum holding voltage, the difference between 
said second and fourth potentials being at least equal 
to said minimum holding voltage. 

3. An electroluminescent device comprising, a ?rst 
array of parallel, separate, electrical conductors extend 
ing in a ?rst direction; a second array of parallel, sepa 
rate, electrical conductors extending in a second and 
di?erent direction, the conductors in at least one of said 
arrays being transparent, each ?rst array conductor pass 
ing over each second array conductor to form a cross 
over point thereat; and a plurality of separate circuit 
components, each component being positioned at a corre 
sponding cross-over point and being interposed and elec 
trically connected between the two conductors de?ning 
said corresponding point, each component including a 
photoconductive element and an electroluminescent ele 
ment in series connection, these elements having respec 
tive positions at which light emitted from the electro 
luminescent element will impinge upon the photoconduc 
tive element, and ?rst and second Potentiometers, each 
potentiometer having ?rst and second ?xed contacts and 
a movable contact, the ?rst ?xed contacts of both po 
tentiometers being interconnected, the movable contact 
of said ?rst potentiometer being coupled to a selected 
conductor in said ?rst array, the movable contact of 
said second potentiometer being coupled to a selected 
conductor in said second array, all unselected ?rst array 
conductors being coupled to the second ?xed contact of 
said ?rst potentiometer, all unselected second array con 
ductors being coupled to the second ?xed contact of said 
second potentiometer. 

4. An electroluminescent device comprising, a ?rst 
array of parallel, separate, electrical conductors extend 
ing in a ?rst direction; a second array of parallel, sepa 
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6 
rate, electrical conductors extending in a second and 
diiferent direction, the conductors in at least one of 
said arrays being transparent, each ?rst array conductor 
passing over each second array conductor to form a 
cross-over point thereat; and a plurality of separate cir 
cuit components, each component being positioned at a 
corresponding cross-over point and being interposed and 
electrically connected between the two conductors de?n 
ing said corresponding point, each component including 
a photoconductive element and an electroluminescent 
element in series connection, these elements having re 
spective positions at which light emitted from the electro 
luminescent element will impinge upon the photoconduc 
tive element; ?rst, second and third terminals; a ?rst set 
of resistors, each of which is coupled between said ?rst 
terminal and a corresponding ?rst array conductor; a 
second set of resistors, each of which is coupled be 
tween said second terminal and a corresponding second 
array conductor; ?rst and second potentiometers; each 
potentiometer having ?rst and second ?xed contacts and 
a movable contact, the ?rst contacts of both potentiom~ 
eters being coupled to said third terminal, the second 
contacts of said ?rst and second Potentiometers being 
coupled to said ?rst and second terminals respectively, 
the movable contact of said ?rst potentiometer being 
coupled to the junction of a selected ?rst set resistor 
and its corresponding ?rst array conductor, the movable 
contact of said second potentiometer being coupled to 
the junction of a selected second set resistor and its 
corresponding second array conductor. 
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