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Our invention relates to devices for converting elec 
trical energy into light and, more particularly, is di 
rected toward a class of such devices wherein the energy 
conversion is ‘attributed to internal quantum-mechanical 
processes. 

According to classical physical theory, when an ex 
tremely thin ?lm or barrier of poor conductivity is inter 
posed between ?rst and second electrically conductive 
layers and an electric ?eld of relatively low intensity is 
established between these layers, the electrons present in 
the layers will have insu?icient energy to traverse the 
barrier, ‘and no current should ?ow between the layers. 
Experimentally, however, it has been shown that some 
electrons have suf?cient energy to traverse the barrier 
(and indeed to pass through one of the layers as well) 
since an appreciable current will flow between the layers 
under the conditions indicated. To provide an explana 
tion for these experimental results, recourse is had to 
quantum theory. Consequently, the operation of such 
barrier structures is said to be ‘based upon 'in-ternal quan 
tum-mechanical processes. 
We have succeeded in developing devices utilizing 

cathodoluminescent phosphors in combination with thin 
?lm or barrier structures of the type described above 
wherein light can be generated directly by the applica 
tion of an electric ?eld to the structure. It should be 
understood that our devices are not electroluminescent 
devices, since the cathodoluminescent phosphors are not 
excited directly by an electric ?eld. 

In accordance with the principles of our invention, 
a thin ?lm or barrier is interposed between ?rst and 
second electrically conductive layers. (This ?lm is a 
poorly conductive material such as a semiconductor or 
a dielectric.) A cathodoluminescent phosphor layer can 
be applied over one layer, or can be interposed be 
tween the ?lm and one of the layers, or can itself con~ 
stitute the barrier ?lm. In any event, application of a 
relatively low voltage between the ?rst and second lay 
ers will result in the generation of light. 

Illustrative embodiments of our invention will now 
be described with reference to the accompanying draw 
ings wherein: 
FIG. 1 illustrates one embodiment of our invention 

wherein the phosphor layer and the barrier ?lm are 
positioned on opposite sides of an electrically conductive 
layer, 

FIG. 2 illustrates a second embodiment wherein the 
phosphor layer and the barrier ?lm are positioned ad 
jacent each other between ?rst and second electrically 
conductive layers; and 
FIG. 3 illustrates a third embodiment wherein the 

phosphor layer also functions as a barrier ?lm. 
Referring now to FIG. 1, there is shown a glass sub 

strate 10, one surface of which is coated with a tantalum 
layer 12. The top surface of this layer carries a thin 
?lm or barrier 14 of tantalum pentoxide. A gold layer 
16 is applied over the ?lm 14. A phosphor layer 18 is 
applied over layer 16. (This phosphor layer can be, 
for example, yttrium oxide containing about 5 mole per_ 
cent of europium or can be any of the phosphors com 
prising a host material having the cubic C-type rare 
earth oxide structure incorporating up to about 20‘ mole 
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percent of 1a doping ion which can be a rare earth, a 
transition element or an actinide, as disclosed in the 
copending application of R. A. Lefever and K. A. Wick 
ersheim, Serial No. 213,859, ?led July 31, 1962. Alter 
natively, the phosphor can be yttrium oxide doped with 
cadmium, magnesium, copper or thorium or can be lan 
thanum oxide doped with a rare earth ion as disclosed 
in other copending applications of the same inventors, 
Serial No. 213,896 or 213,897, both ?led on July 31, 
1962.) 
When a low alternating or direct voltage is applied 

between the tantalum layer 12 and the gold layer 16, pink 
light was emitted from the phosphor layer. 

Typically, the tantalum layer is 1 micron thick, the 
barrier is 100 angstroms thick, the gold layer is 100 
angstrom units thick and the phosphor layer is 1 micron 
thick. The applied voltage can be, for example, 12 
volts R.M.S. at 60‘ cycles per second and the current 
?owing between layers 12 and 16 can be 30 milliamperes. 
Alternatively, the same results ensue when a direct volt 
age of 8 volts is applied, the positive terminal of the volt 
age source being connected to the gold layer, the current 
in this case being 75 milliamperes. 

In forming the structure shown in FIG. 1, the sub 
strate is ?rst coated with tantalum. The tantalum is 
then electro-polished. The top surface of the tantalum 
layer is then anodized to produce the barrier; the gold 
is evaporated onto the anodized surface; and the struc 
ture is completed by vacuum depositing the phosphor 
layer on top of the gold layer. 

Referring now to FIG. 2, there is shown a glass sub 
strate 10, one surface of which is coated with a gold 
layer 20. A barrier 22 of vacuum deposited silicon 
monoxide is applied over the gold layer 20 and a semi 
transparent silver layer 24 is applied over the monoxide 
?lm 22. A phosphor layer 18 is interposed between 
barrier 22 and layer 24. Again application of an alter 
nating or direct voltage between layers 20 and 24, can 
cause a pinkish glow to be viewed through the silver 
layer 24. 
FIG. 3 shows another modi?cation comprising a glass 

substitute 10, a gold layer 20, a phosphor barrier 30 
and a semi-transparent silver layer 24. Application of 
an alternating or direct voltage can cause a pinkish glow 
as before. To form the structure of FIG. 3, the gold 
coated substrate was held above a molybdenum boat 
containing a suitable mixture of gadolinium and euro 
pium oxide powders [(Gd0_95Eu0,05)2O3]. The boat was 
placed in an evacuator and heated to 1800° C., the 
evaporant being deposited upon the substrate as a phos 
phor ?lm. After cooling to room temperature, the ?red 
substrate was removed and inserted into an oven and 
reheated to 200° C. to activate the phosphor ?lm. After 
cooling, the twice ?red substrate was removed from the 
furnace and vacuum coated with silver in a conventional 
manner. 

The thickness of the various layers is not particularly 
critical, but the barrier or ?lm must be extremely thin 
varying from a lower limit of 20 angstroms to an upper 
limit of about 1000 angstroms. 
The conductive layers can be formed of conventional 

materials other than gold ‘as for example tin oxide or 
aluminum. The barrier can also be formed of conven 
tional materials other than tantalum pentoxide or silicon 
monoxide, as for example A1203, MgF2, TiOz. 

While we have shown and pointed out our invention as 
applied above, it will be apparent to those skilled in 
the art that many modi?cations can be made within the 
scope and sphere of our invention. 
What is claimed is: 
1. A device comprising ?rst and second electrically 
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conductive layers, a thin ?lm or barrier having a thickness 
Within the range of 20 to 1000 angstroms interposed 
therebetween, and a cathodoluminescent phosphor layer 
associated with said ?rst and second layers and said 
barrier. 

2. A device comprising ?rst and second electrically 
conductive layers, a thin ?lm or barrier having a thick 
ness within the range of 20 to 1000 angstroms inter 
posed therebetween, and a cathodoluminescent phos— 
phor layer interposed between said barrier and one of 
said ?rst and second layers. 

3. A device comprising ?rst and second electrically 
conductive layers, a thin ‘?lm or barrier having a thick 
ness within the range of 20‘ to 1000 angstroms inter 
posed therebetween, and a cathodoluminescent phosphor 
layer secured to the surface of one of said ?rst and sec 
ond layers remote from said barrier. 

4. A device comprising ?rst and second electrically 
conductive layers, and a thin ?lm or barrier of a cath 
odoluminescent phosphor having a thickness within the 2 
range of 20 to 1000 angstroms interposed between said 
layers. 
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