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This invention relates to electroluminescent devices 
and, more particularly, to electroluminescent devices 
which are adapted to be energized to produce radiations 

' ‘of different colors and color blends. 
Electroluminescent devices which produce radiations of 

different colors are well known and such devices usually 
comprise a pluarlity of stacked or superimposed individ 
ual electroluminescent cells. Each of the individual cells 
of the stack can ‘be energized to produce a different color. 
By selectively energizing different cells of the stack, any 
preselected color or blend of such colors can be obtained. 
In the fabrication of such stacked cells, difficulties have 
been encountered in making electrical connections to 
the intermediate electrodes and in properly insulating the 
several superimposed electrodes which are required. 

It is the general object of this invention to avoid and 
overcome the foregoing and other di?iculties ‘of and ob 
jections to prior-art practices ‘by the provision of an elec 
troluminescent device which can be energized to produce 
different preselected colors and color blends and which 
device is very positive inoperati'on. 

It is another object to provide an electroluminescent 
device which can be energized to produce different colors 
or color blends and which device is very simple to fabri 
cate. . 

f It is a further object to provide a stacked electrolumi 
nescent device to which electrical connections can be read 
ilyjmade. 

.It .is an additional object to. provide alternative con 
’ structions for an electroluminescent device which can be 
energized to produce different colors and color blends. 
The aforesaid objects ‘of the invention, and other ob- ' 

jects which-will ‘become apparent as the description pro 
ceeds, are achieved by providing an electroluminescent 
device which is formed as a plurality of stacked or super 
imposed individual cells. In the construction of- this 
device, an insulating foundation. has provided thereon a 
?rst conducting layer, an edge portion of which provides 
a'?rst contact area for purposes of energization. At least 
three other contactv areas are provided on the foundation 
and all of the contact areas are electrically insulated from 
one another. The first phosphor layer of the combination 
is coated or carried over the ?rst‘conducting coating in 
such manner that the phosphor layer overlaps the ?rst 

' conducting. coatingand also overlaps onto a portion of all 
contact areas. Over this ?rst phosphor coating is applied 
a second conducting coating which is light transmitting 
and electrically connects to one of the contact areas. Sec 
ond and third phosphor coatings and the respective suc 
cessive conducting coatings are similarly applied, with the 
latter electrically connecting to predetermined individual ' 
contact areas which are provided on the foundation- In 
this manner, all electrical contacts as required to energize‘ 
the device are made to the foundationfsupported contact 
areas. Because ‘of the foundation support, these contact 
areas are readily adapted to be connected to an energizing 
source. By properly preselecting the contact areasacross 
which an‘energizing potential is applied, any individual 
cell of the stacked combination, or any combination of 
cells, can be cause’ to electroluminesce to produce any 
preselected color of light. ' ' e ' 
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For a better understanding of the invention, reference 
should be had to the accompanying drawings. wherein: 
FIG. 1 is a plan view of an electroluminescent device 

constructed in accordance with the present invention, to 
gether with the energizing source therefor; 
FIG. 2 is a sectional elevational view of the device as 

shown in FIG. 1, taken on the line II—II in FIG. 1 in 
the direction of the arrows; 

FIG. 3 is a side elevational‘ view of the device as shown 
in FIG. 1, taken on the line IlI—III in FIG. 1 in the di 
rection of the arrows; 

FIG. 4 is a plan View of the foundation portion of the 
device as shown in FIG. 1, illustrating the arrangement 
of the contact areas carried thereon; 
FIG. Sis a fragmentary sectional view of a device gen 

erally as shown in FIGS. 1—-3, but illustrating an alterna 
tive construction; ’ 

FIG. 6 is ‘a fragmentary elevational view of a device 
I generally similar to that shown in FIG. 5, but illustrating 
still another alternative construction; 
FIG. 7 is a sectional view of yet another alternative 

construction, taken on the line VII—VII in FIG. 8 in 'th 
direction of the arrows; V ' 

FIG. 8 is a sectional view of the device as shown in 
FIG. 7, taken on the line VIII-—VIII in FIG. 7 in the 
direction of the arrows. 
With speci?c reference to the form of the invention 

illustrated in the drawing, the electroluminescent device 
10 as shown in FIGS. 1, 2 and 3 is adapted to be ener 
gized to emit different preselected colors or color blends 
and comprises an electrically insulating foundation 12 
with the operative portions of the device carried thereon. 
Considering FIGS. 1 and 3, a ?rst conducting layer 14 is 
carried on a substantial portion of the insulating founda 
tion 12 and a portion of the conducting layer 14 which 
is proximate one edge of the foundation 12 serves as a 
?rst contact area 1.6. Also carried on the foundation 12 
is a second contact area 18, a third contact area 20 and 
a ‘fourth contact area 22. The contact areas are each 
positioned proximate edge portions of the foundation 12 
and all contact areas .16—22 are electrically insulated 

. from one another, both by a spacing therebetween and 
‘ the phosphor-dielectric insulating material which is car. 
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ried thereon. The arrangement of the contact areas 16-22 
on the‘ foundation 12 is shown in detail in FIG. 4. Over 
a substantial portion of the ?rst conducting layer 14, and 
extending onto portions of the contact area 1642, is car 
ried a ?rst electrically insulating, light-transmitting layer 
24 comprising phosphor, which electroluminesces when, 
energized, with a ?rst preselected color, such as red. Over 
a substantial portion of the ?rst phosphor layer 24 is car 
ried a light-transmitting electrically conducting layer 26 
‘which also electrically connects to the electrically conduct 
ing contact area 18, as shown in FIGS. 1 and 2. Coated 
over the second conducting layer 26 is a second insulating 
layer 28 comprising phosphor material which electrolumi 
nesces when energized to emit a second predetermined 
color, such as blue. The second phosphor layer 28 also 
overlaps all contact areas 16-22 in ‘order to insure that in 
dividual conducting coatings which are interposed be 
tween the phcsphor layers are insulated from one an 
other.‘ Over a substantial portion of the second phosphor 
layer 28 is a third light-transmitting, conducting layer 30 
which also electrically connects to the third contact area _ 
20, as shown in FIGS. 1 and 2.‘ Coated over the third 
conducting layer 30 is a third‘insulating layer 32.v com 
prising phosphor material which electroluminesces when 
energized to emit a third predetermined color, such as 
green. The third phosphor layer 32 also overlaps all 
contact areas 16-22. Over a substantial portion of the 
third phosphor layer 32 is a fourth conducting layer 34, 
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which also electrically connects to the fourth contact area 
22, as shown in FIGS. 1 and 3. 
As a speci?c preferred example, the electroluminescent 

device as shown in FIGS. l~3 is formed on a light 
transmitting foundation which preferably is fabricated of 
glass. In this embodiment, the foundation l2 and con 
ducting layer 14 comprise the viewing face for the device 
10. The ?rst conducting layer 14 and the contact areas 
16-22 are all fabricated of electrically conducting, light 
transmitting tin oxide which is applied to the glass foun 
dation 12 in accordance with well-known techniques. 
Other known conducting material such as indium oxide 
can be substituted for the tin oxide. The second, third 
and fourth contact areas 18—22 are all insulated from the 
?rst contact area 16, such as by scribing or abrading the 
tin oxide, as initially applied, from the surface of the 
foundation 12. As a specific example, the ?rst phosphor 
layer 24 comprises zinc-cadmium-mercuric sul?de acti 
vated by copper. Such phosphor has a red electrolumi 
nescent emission and is described in detail in copending 
application SN. 807,730, ?led April 20, 1959, by A. 
Wachtel and owned by the present assignee. The phos 
phor desirably is in ?nely divided form and for best per 
formance is mixed with a light-transmitting dielectric 
material. As an example, the phosphor is mixed with 
equal parts by weight of polyvinyl-chloride acetate and 
the layer 24 is applied by spraying to a thickness of ap 
proximately two mils. The second conducting coating is 
formed of light-transmitting, electrically conducting cop 
per iodide. Such copper iodide coatings are well known 
in the art and are formed by vacuum metallizing a thin 
layer of copper onto the surface which is to be coated 
and thereafter passing the copper surface through iodine 
vapor until the copper is converted to copper iodide and 
becomes light transmitting in nature. The second phos 
phor layer 28 is preferably formed of zinc sul?de which 
is activated by copper and coactivated by chlorine and 
has a blue emission. Such phosphors are known. As 
'in the case of the ?rst phosphor layer 24, the phosphor 
material comprising the layer 28 desirably is mixed with 
a light-transmitting dielectric material, as previously de 
sscribed. The third conducting layer 36 is also formed 
of copper iodide, as previously described. The third 
phosphor layer 32 preferably comprises zinc sul?de phos 
phor which is activated by copper and coactivated with 
chlorine and has a green emission. Such green-emitting 
phosphors are well known and the emission color is read 
ily obtained by controlling the amounts of copper and 
chlorine with respect to one another, in accordance with 
well-known procedures. The uppermost fourth conduct 
ing layer 34 is preferably formed of vacuum-metallized, 
reflecting aluminum or silver, although it can be formed 
of copper iodide if both sides of the device 10 are desired 
to serve as viewing faces. 

Energization for the device as shown in FIGS. 1-3 is 
preferably accomplished with a conventional potentiom 
eter-transformer arrangement, wherein three potentiome 
ters 36 are each connected across the supply line with 
the slide contacts for the potentiometers each connecting 
to the primary windings of conventional transformers 38, 
the secondary windings of which connect to the contact 
areas 16-22. By adjusting the individual potentiometers 
36 to energize predetermined electroluminescent layers 
of the device 10, any color from red through blue or any 
preselected desired color blend can be readily obtained. 

In contrast to previous multi-layer electroluminescent 
devices, electrical connections to all of the individual 
electrically conducting layers are very simple to make 
and are very positive, as well as rugged in performance. 
As an example, electrical connections can be made by 
means of conventional bus bars 40 to a portion of each 
individual contact area 16-22 which is uncoated with 
phosphor material. Alternatively, a clamp or pressure 
contact can be readily made by clamping across the sides 
of the foundation 12. 
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4 
As a possible alternative embodiment, the device 10a 

as shown in FIGS can be provided with a plastic foun 
dation 12a which can be either opaque or light transmit 
ting in nature. Urea formaldehyde is a suitable opaque 
plastic and polystyrene is a suitable light-transmitting 
plastic. With such a construction, the ?rst electrode 
layer 14:; and the contact segments adjacent thereto are 
formed of copper iodide or similar light-transmitting 
material which does not require high temperatures of 
formation which could melt or damage the plastic foun 
dation 12a. The embodiment 10a is also modi?ed from 
the embodiment 10 as shown in FIGS. l-3 in that an 
additional layer 42 of insulating material is provided over 
the fourth electrode layer 34 in order to prevent shock 
hazard. The additional insulating layer 42 can be made 
light transmitting or opaque, depending on which side 
of the device 10a is to serve as the viewing face. A 
further additional separate layer 4-4 of dielectric material 
has also been included adjacent the third phosphor layer 
32, in order to improve the electrical breakdown charac 
teristics of this phosphor layer. Any of the device em 
bodiments as illustrated and described hereinbefore can 
incorporate additional separate dielectric layers between 
the individual electrodes or conducting layers which de 
?ne each electroluminescent cell or layer of the combi 
nation devices. 

In FIG. 6 is shown a further alternative embodiment 
105 which is modi?ed from the embodiment as shown 
in FIGS. 1-3 in that metal mesh electrodes 46 are uti 
lized, wherein the interstices between the individual 
meshes serve to transmit the light which is generated. 
Such mesh-type electrodes are well known. Conducting 
glass ?ber mesh electrodes can be substituted for the 
metal mesh electrodes and are generally described in 
US. Patent No. 2,774,004, dated December 11, 1956. 
The plastic foundation 12b can also be made ?exible to 
enable the device 1017 to be conformed into desired 
shapes and better withstand shock hazards. In the em 
bodiment 101) as shown, the metal mesh electrodes are 
embedded in light-transmitting plastic material. 

In FIGS. 7 and 8 are shown yet another alternative 
embodiment 190, which generally corresponds to the 
device embodiment 10 as shown in FIGS. 1-3, except 
that an additionallayer 47 comprising electroluminescent 
phosphor has been provided over the fourth conducting 
layer 340, which is formed of light-transmitting copper 
iodide. Over the fourth phosphor layer 47 is provided 
a ?fth conducting layer 48 which is formed of vacuum 
metallized silver or aluminum or copper iodide. The 
contact areas on the foundation 12 are also slightly modi 
fied in that the contact area 18, as shown in FIG. 1, has 
been broken into two insulated segments 18c and 50, in 
order to provide the additional contact area 50 which 
electrically connects to the ?fth conducting layer 48. 
As in the previous embodiments, the phosphor compris 
ing' the layer 47 is selected to electroluminesce with 
a preselected color, such as yellow. Zinc sul?de phosphor 
which is activated by copper and manganese electro 
lurninesces with a yellow color and such a phosphor is 
well known. Additional phosphor layers can be provided 
if it is desired to add other preselected colors to the 
output of the device 10c. If additional phosphor layers 
are desired, an additional electrically conducting elec 
trode layer is provided over each such additional phos 
phor layer, with, the electrically conducting electrode 
layers positioned between such additional phosphor layers 
being formed of light-transmitting material such as copper 
iodide, for example, in order to transmit the generated 
light. An additional contact area on the device founda 
tion, proximate the edge portions thereof, is also required 
for each additional conducting layer which is utilized and 
each of these additional contact areas are necessarily in 
sulated from all' of the other contact areas. Such a 
modi?ed construction is readily obtained byfurther di 
viding any of the contactareas 13—22 in- the device em 
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bodiment 10 as shown in FIGS. 1-3. An energizing 
potential is adapted to be electrically connected to each 
such additional contact area or areas which are pro~ 

‘vided, either by means of a bus bar connection or by 
clamping across the foundation of the device. 
The devices as illustrated and described hereinbefore 

are subject to further considerable modi?cation. As an 
example, the device 10 as shown in FIG.‘ 1 can be fabri 
cated entirely of ceramic material and the plastic dielec 
tric which has been described hereinbefore replaced by 
suitable ceramic dielectric mixed with the phosphor. In 
addition, while the phosphors as described emit respec 
tively in red, blue and green, phosphors which emit in 
colors different from those indicated can be substituted 
therefor and such phosphors are well known. It is pre 
ferred, however, that the phosphors emit in the primary 
red, blue and green colors in order that by selectively 
energizing the device, any predetermined color can be 
achieved merely by controlling the energization of the 
individual cells which comprise the combination device. 

It will be recognized that the objects of the invention 
have been achieved'by providing an electroluminescent 
device which can be energized to produce different pre 

‘ - selected colors and color blends and which device is very 
positive in operation. The device is simple to fabricate 
and electrical connections thereto can be readily made. 
‘In addition, alternative constructions for such a device 
have beenprovided. 
While best embodiments of the invention have been 

illustrated and described in detail, it is to be particularly 
understood that the‘ invention is not limited thereto or 
thereby. ‘ 

We claim: 
1. An electroluminescent device adapted to emit in 

different predetermined colors and comprising: an elec 
trically insulating foundation; a ?rst conducting layer 
carried on a substantial‘ portion of said foundation; a ?rst 
contact area formed by a portion of said ?rst conducting 

' layer proximate an edge portion of said foundation; sec 
ond, third and fourth electrically conducting contact 
areas carried on portions of said foundation which are 
uncoated with said ?rst conducting layer and each posi 
tioned proximate edge portions of said foundation; said 
contact areas each electrically insulated from one an 
other; a ?rst electrically insulating light-transmitting layer 
comprising phosphor which electroluminesces with a ?rst 
preselected color carried on a substantial portion of said 
?rst conducting layer and overlapping onto said contact 
areas; a second electrically conducting layer which is 
light transmitting carried on a substantial portion of said 
?rst insulating layer comprising phosphor and also con 
necting to a portion of said-second contact area; a sec 
ond electrically insulating light-transmitting layer com 
prising phosphor which electroluminesces with a second 
predetermined color carried on said second conducting 
layer and overlapping onto said contact areas; a third 
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electrically conducting layer which is light transmitting 7 
carried on a substantial portion of said second insulating 
layer comprising phosphor and also connecting to a 

1 portion of said third contact area; a third insulating light~ 
transmitting layer comprising phosphor. 'which electro, 
luminesces with a third preselected color carried on said 
third conducting layer and overlapping onto said contact 
areas; a fourth electrically conducting layer carried on a 
substantial portion of said third insulating layer compris 
ing phosphor and also connecting to a portion of .said 
fourth contact area; at least one of said ?rst and fourth 
electrically conducting layers comprising a viewing face 
for said device with all material comprising such viewing 
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6 
face being light transmitting; and energizing potentials 
adapted to be electrically connected to said ?rst, second, 
third and fourth contact areas. 

2. In the electroluminescent device as speci?ed in claim 
1, wherein said foundation and said ?rst conducting layer 
are light transmitting. 

3. An electroluminescent device as speci?ed in claim 2, 
wherein said foundation is glass. 

4. An electroluminescent device as speci?ed in claim 3, 
wherein said ?rst conducting layer is formed of tin oxide. 

5. An electroluminescent device as speci?ed in claim 4, 
wherein said fourth conducting layer is formed of metallic 
material which is opaque and re?ecting‘. 

' 6. An electroluminescent device as speci?ed in claim 1, 
wherein said foundation is formed of plastic material. 

7. An electroluminescent device as speci?ed in claim 6, 
wherein said foundation is flexible. 

8. An electroluminescent device as speci?ed in claim 1, 
wherein said foundation and said ?rst and fourth con 
ducting layers are light transmitting. 

9. An electroluminescent device as speci?ed in claim 1, 
wherein said foundation is opaque and said fourth con 
ducting layer is light transmitting. . 

10. An electroluminescent device as speci?ed in claim 
1, wherein said second and third conducting layers are 
formed of copper iodide. 

11. An electroluminescent device as speci?ed in claim 
1, wherein said second and third conducting layers are 
formed of electrically conducting mesh. 

12. An electroluminescent device as speci?ed in claim 
1, wherein at least one additional layer of electrically 
insulating dielectric material is included adjacent at least 
one of said insulating layers comprising phosphor. 

13. An electroluminescent device as speci?ed in claim 
1, wherein said insulating layers comprising phosphor 
electroluminesce respectively when energized to emit in 
the red, blue and green regions of the visible spectrum. 

14. An electroluminescent device as speci?ed in claim 
1, wherein each of said layers comprising phosphor are 
adapted to be energized in predetermined fashion. 

15. An electroluminescent deviceas speci?ed in claim 
1: wherein said fourth electrically conducting layer is 
light transmitting; at least one additional electrically in 
sulating light-transmitting layer comprising phosphor 
superimposed over said. fourth conducting layer; an ad 
ditional electrically conducting layer carried over each 
said additional phosphor layer, with any said additional 
conducting layer having any said additional phosphor 
layer carried thereover being light transmitting; an ad 
ditional contact area carried on said foundation, proxi 
mate an edge portion thereof, provided for each said . 
additional conducting layer and electrically connecting 
thereto and insulated from all other of said contact areas; 
each said additional layer comprising phosphor electro 
lum-inescing with a predetermined color; and an energizing 
potential adapted to be electrically connected to each said ’ 
additional contact area. 

References Cited in the ?le of this patent 
‘UNITED STATES PATENTS 

2,756,165 v Lyon ________________ __ July 24, 1956 
2,867,739 Michlin ____________ __>__ Jan. 6, 1959 
2,918,594 Fridrich ______________ __ Dec. 22, 1959 
2,928,975 Williams _____________ __ Mar. 15, 1960 
2,928,980 » Williams _____________ __ Mar. 15, 1960 

' . FOREIGN PATENTS 

746,669 Great Britain _________ __ Mar. 21, 1956 


