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My invention is directed toward electroluminescent dis 
play devices. 

Certain types of phosphors ‘luminesce when under the 
in?uences of an externally applied electric ?eld, the in 
tensity of the emitted light being some function of the 
strength of this applied ?eld. Consequently, ‘?lms or 
layers formed from such phosphors can be used as trans~ 
ducers for transforming electrical energy to light energy. 
Phosphors of this type are said to be electroluminescent. 

It is known that ?rst and second mutually orthogonal, 
for example, horizontal ‘and vertical arrays of parallel, 
separated electrical conductors can be positioned on each 
side of such a ?lm or layer to form a crossed-grid struc 
ture wherein a portion of the ?lm (de?ned as a cell) is 
connected between a horizontal conductor and one verti 
cal conductor. When a suitable electric potential ditfer~ 
ence is applied between any one horizontal-vertical con 
ductor pair, the cell connected between this pair will 
luminesce. 

Further it has been proposed to switch or commutate 
these applied potentials in such manner as to successive 
ly energize each cell in turn, thus producing an effect 
analogous to the cathode ‘ray tube scanning operation 
as developed in a conventional television receiver. In 
this manner, it is possible to produce a ?at electrolumi 
nescent panel which may be adapted for use as a replace 
ment for a cathode ray tube in a television receiver. 

It will be apparent that these known devices display 
an electroluminescent image against an unlit or dark 
background. 

In contradistinction, I have invented a new type of 
electroluminescent image display device in which the 
image to be displayed forms a dark or unlit pattern dis 
played against an electroluminescent background. To 
distinguish the new device from the types described 
above, the term electro-tenebrescent will be applied there 
to. 

Accordingly, it is an object of the present invention 
to provide a new and ‘improved device of the character 
indicated. 
Another object is to improve electroluminescent image 

display devices in such manner that the image to be dis 
played forms a dark or unlit trace displayed against an 
electroluminescent background. 

.Still another object is to improve electroluminescent 
image display devices through the use of infra-red quench 
1ng. ' 

Yet another object is to provide a new and improved 
electroluminescent image display device in which a dark 
image is produced by selectively quenching electrolumi 
nescent radiation at selected areas on an energized elec 
troluminescent panel. 

Still a further object is to provide a new electro 
tenebrescent image display device. 

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

It is known that electroluminescence can be quenched 
0r extinguished by infra-red radiation of an appropriate 
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wave length. It is also known that certain semicon 
ductor materials, such as‘ germanium, silicon and certain 
intermetallic compounds, can be used as a source of such 
radiation. For; example, when minority carriers are in 
jected by a p-n juction or a metallic pont contact into 
such a semiconductor, some radiative recombination will 
ensue, and infra-red radiation will be emitted as a re 
sult of this recombination. (The technique of injecting 
carriers by a p-n junction or by a point contact is known 
to the art and will not be described in detail in this ap 

Further information on carrier injection can 
be found for example in the textbook “Transistors, 
Theory and Application” written by Coblenz and Owens 
and published in 1955 by the McGraw-Hill Book Com 
pany. 

In my invention there is provided an energized electro 
luminescent panel which emits uniform electrolumines 
cent radiation. Adjacent one surface of this panel is 
placed a semiconductor layer which contains one or more 
p-n junctions or alternatively contains one or more 
metallic point contacts. The layer is insulated from the 
panel. When minority carriers are injected into the 
semiconductor layer by at least one of the junctions or 
point contacts, radiative recombination occurs and local 
ized infra-red radiation is produced ‘in the region of the 
said junction or point contact. 

vI further provide means to inject said carriers by a 
selected one of said junctions or a selected point con 
tact, the radiation produced in the region of said junc~ 
tion or contact penetrating into said panel and quenching 
the electroluminescent radiation of a corresponding small 
region in the electroluminescent panel. 

Illustrations of my invention will be described with 
reference to the accompanying drawings, wherein 

Figs. 1, 2 and 3 illustrate different embodiments of my 
invention, and Fig. 4 is a cross sectional view of the em 
bodiment of Fig. 1. 

‘ Referring now to Figs. 1 and 4, there is provided a 
multi-layer structure including in the order named, a 
glass layer It), a ?rst conductive ?lm 12, and electrolumi 
nescent layer 14, a second conductive ?lm 16, an elec 
trically insulating layer 18 (which is transparent to the 
infra-red radiation) ‘and a semiconductor (11 type) layer 
20. Secured to a surface of layer 20 remote from the 
glass layer 10, is a metallic point contact 22 and a base 
contact 30. Base contact 36 and point contact 22 are 
electrically interconnected through a series network in 
cluding, in the order named, a battery 24 and a switch 
26. (As indicated previously, the point contact can be 
replaced by a p~n junction, if desired.) The conductive 
?lms 12 and 16 are connected to a power supply 28. 
This arrangement operates in the following manner. 
The electroluminescent layer is energized (by virtue 

of the connection between the conductive ?lms and the 
power supply 28) and exhibits uniform electrolumines 
cent radiation which can be visibly observed on the ex 
posed surface of the glass layer 10. 
The small portion of the semiconductor 20 in juxta 

position with point contact 22 constitutes (together with 
point contact 22) a p-n or rectifying junction. When 
switch 26 is closed, layer 20 is coupled through the p-n 
junction and switch 26 to the positive terminal of bat~ 
tery 24. In addition, layer 20 is coupled through the 
base or ohmic contact 30 to the negative terminal of 
battery 24. Consequently, the junction is biased in the 
forward current or low resistant direction; majority 
charged carriers (electrons) ?ow out of the layer and 
through the point contact, while the minority charged 
carriers (holes) ?ow through the contact into the semi 
conductor layer. This action of the minority charged 
carriers is termed “injection.” When the minority 
charged carriers are so injected, some of these minority 
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charged carriers recombine radiatively with the majority 
charged carriers present in the semi-conductor layer; 
this action produces infra-red radiation. The radiation 
penetrates through the various intermediate layers into 
the electroluminescent layer 14 and extinguishes the elec 
troluminescent radiation therein in a region which cor 
responds approximately to the area of the point con 
tact 22. In this manner, a selected area of the electro 
luminescent layer 14 is quenched when switch 26 is 
closed. - 

Referring now to Fig. 2, there is shown a structure 
similar to vFig. 1. However, in Fig. 2 the single point 
contact 22 of Fig 1 is replaced by a plurality of point 
contacts, in this example point contacts 100, 102, 104. 
Each of these point contacts is connected to a corre 
sponding ?xed contact of stepping switch 106. The posi 
tion of the stepping switch arm 108 is controlled by a 
conventional stepping switch mechanism 110. Incom 
ing pulses carried in a pulse train are supplied to the 
stepping switch. Each time a pulse is supplied the mech 
anism, the stepping switch arm is advanced one step. 
The semiconductor layer 20 is grounded. An incom 

ing signal is supplied through terminals 112 and there 
after supplied through stepping switch arm 108 and the 
semi-conductor layer. Dependent upon the position of 
the stepping switch, a selected one of the three differ 
ent electroluminescent radiation areas of the electro 
luminescent layer 14 is extinguished in accordance with 
the incoming signal. As the amplitude of the incoming 
signal increases, the number of injected carriers in 
creases, the amount of radiation produced increases, and 
the degree or intensity of quenching increases accord 
ingly. 

It will be obvious that by increasing the number of 
point contacts and correspondingly increasing the num 
ber of ?xed contacts of the stepping switch, the entire 
surface of the semiconductor can be divided into radia 
tion areas which can be selectively quenched in the 
manner indicated. 

In Fig. 3, the device shown in Fig. 2 is modi?ed in 
such manner that the electroluminescent layer can be 
scanned to produce a dark trace in a manner analogous 
to known cathode ray tubes of the dark trace type. 

In Fig. 3, there is provided a plurality of coplanar 
semiconductor layers, in this example three layers 200, 
202, 204. These layers are separated from each other 
by insulating layers 206. Secured to a selected surface 
of each of these semiconductor layers is a second plu 
rality, in this example a like plurality of thin point con 
tact layers 208, 210, 212. 

Each of the semiconductor layers is provided with cor 
responding base contacts 230, 232, 234. Each base con 
tact is connected to a corresponding ?xed contact of a 
stepping switch 214. Each of the point contact layers 
is connected to a corresponding ?xed contact of a second 
stepping switch 216. An incoming video type signal is 
applied between terminals 112. One of these terminals 
is grounded, the other is connected to the arm 218 of 
stepping switch 216. The arm of stepping switch 214 
is grounded. Incoming pulses, which can be line synchro 
nization pulses which are carried along with the incom 
ing video type signal and subsequently separated there 
from in a conventional manner (not shown), are sup 
plied to the stepping switch mechanism 220 which con 
trols the position of the switch arm 222 of stepping 
switch 214. 
The synchronization pulses are also supplied to the 

conditioning electrode of gate 224. A pulse generator 
226 supplies pulses to the input of gate 224 and the out 
put of gate 224 is connected to the input of the step 
ping switch mechanism 226 which controls the position 
of the switch arm 218 of the stepping switch 216. The 
pulse generator generates pulses at a recurrence fre 
quency three times as high as the recurrence frequency 
of the synchronization pulse. 
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4 
Gate 224 is normally closed and is opened only upon 

arrival of each synchronization pulse. The time delay 
of gate 224 is so adjusted that upon the arrival of this 
synchronization pulse, gate 224 remains open for suf? 
cient time to permit three separate sequential pulses gen 
erated by the pulse generator 226 to pass through the 
gate and control the operation of stepping switch mech 
anism 226. At this point, gate 224 is closed and opened 
again only upon the arrival of the next synchronization 
pulse. In this manner, each point contact of semicon 
ductor layer 200 is selectively energized in turn. Then 
the contacts of semiconductor 202 and 204 are selec 
tively energized sequentially in the same manner. In 
other words, the operation produced is analogous to the 
scanning operation of a dark trace cathode ray tube. 

Certain known electroluminescent layers are formed 
from electroluminescent powders which are in contact 
with each other. When such layers are used, power 
supply 28 can be either of the direct current or alter 
nating current types. Other known electroluminescent 
layers are formed from electroluminescent powders 
which are separated from each other by some dielectric 
material. In this situation an alternating current power 
supply must be used. 

While I have shown and pointed out my invention as 
applied above, it will be apparent to those skilled in the 
art that many modi?cations can be made within the 
scopev and sphere of my invention as de?ned in the 
claims which follow. 
What is claimed is: 
1. In combination, an electroluminescent layer; ?rst 

and second electrically conductive ?lms coating opposite 
surfaces of said electroluminescent layer; and a semi 
conductor layer positioned adjacent the second ?lm and 
insulated therefrom. 

2. The combination as set forth in claim 1, wherein 
said semiconductor layer is characterized by radiative 
recombination of oppositely charged carriers. 

3. In combination, an electroluminescent layer; ?rst 
and second electrically conductive ?lms coating opposite 
surfaces of said electroluminescent layer, said ?rst coat 
ing being optically transparent, said second coating being 
transparent to infra-red radiation; and a semiconductor 
layer positioned adjacent said second ?lm and insulated 
therefrom in a manner at which infra-red radiation pro 
duced in said semiconductor layer travels through said 
second ?lm into said electroluminescent layer, said semi 
conductor layer being formed from a semiconductor 
material in which infra-red radiation is produced when 
oppositely charged carriers recombine therein. 

4. In combination with an electroluminescent panel, a 
semiconductor layer positioned adjacent said panel and 
insulated therefrom; and means coupled to said layer to 
generate infra-red radiation in a selected region of said 
layer, said radiation passing out of said layer into a 
corresponding region of said panel. 

5. In combination, an energized electroluminescent 
panel emitting uniform electroluminescent radiation, said 
panel containing a large plurality of radiating point ele 
ments; a semiconductor layer containing a like plurality 
of p-n junctions, said layer being insulated from said panel 
and being positioned adjacent said panel in a manner 
at which each junction is aligned with the corresponding 
point element, said layer, when minority carriers are 
injected thereinto by at least one of said junctions pro 
ducing localized infra-red radiation in the region of 
said one junction, said radiation resulting from radiative 
recombination of said injected carriers; and means to 
cause carriers to be injected into said layer by a selected 
one of said junctions, the radiation produced in the region 
of said selected junction penetrating into said panel and 
quenching the electroluminescent radiation of the cor 
responding point element. 

6. An electroluminescent display device responsive to 
an incoming video signal and comprising an energized 
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electroluminescent panel emitting uniform electro~ 
luminescent radiation, said panel containing a large plu 
rality of radiating point elements; a like plurality of 
radiation generators, each generator, when energized by 
said signal, emitting infra-red radiation which thereafter 
impinges on the corresponding point element and quenches 
the electroluminescent radiation emitted by said corre 
sponding element, the degree of quenching increasing as 
the amplitude of the video signal increases; and means to 
supply said signal successively to each of a selected num 
ber of said generators in turn, whereby the resulting 
quenching action produces a dark visual image de?ned 
against an electroluminescent background. 

7. In combination, an electroluminescent panel, a layer 
of semiconductor material positioned adajcent one sur 
face of said panel and insulated therefrom; and at least 
one point contact secured to the surface of said layer 
remote from said panel. 

8. A device for extinguishing electroluminescent radia 
tion emitted from a selected point element in an ener 
gized electroluminescent panel, said device comprising 
a generating element which when energized produces in 
fra-red radiation, said element being mounted adjacent 
said panel in a position at which said infra-red radiation 

10 

15 

20 

6 
passes into said panel and extinguishes the electroe 
luminescent radiation emitted from said point element, 
said generating element being insulated from said panel; 
and means to selectively energize and deenergize said 
generating element. 

9. A device for extinguishing electroluminescent radia 
tion emitted from a plurality of point elements in an 
energized electroluminescent panel, said device com 
prising a like plurality of generating elements, each of 
which when energized produces infra-red radiation, each 
of said elements being mounted adjacent said panel in 
positions at which the infra-red radiation produced by 
any one element passes into said panel and extinguishes 
the electroluminescent radiation emitted from the cor- _ 
responding point element, each generating element being 
insulated from said panel; and means to selectively ener 
gize and deenergize selected ones of said generating ele 
ments in a predetermined pattern and sequence. 
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