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WAVELENGTH SELECTIVE RADIATION RESPON-
SIVE SYSTEMS AND DEVICES

Egon E. Locbner, Belle Meade, N.J., assignor to Radio
Corporation of America, a corporation of Delaware

- Application April 5, 1956, Serial No. 576,260
13 Claims, (CL 250—213)

This invention relates to systems utilizing radiations of
various wavelengths, and in particular to systems and de-
vices adapted to respond to radiations in selected spectral
regions only.

Materials which have the property. of changing their
electrical impedance in response to the incidence of radia-
tions. are well known in the art and are collectively
referred to ‘as photoconductors. This property may be
observed by placing a photoconductive material between
two electrodes and applying a potential difference between
such electrodes. It will be found that the photoconduc-
tive material has a very high electrical impedance when
the photoconductive material is shielded from all radia-
tions. However, when radiations, visible or invisible, to
which the material is sensitive are allowed to impinge
upon the photoconductive material the impedance of such
material, will be found to decrease substantially.. It will
also be found that such photoconductive response of the

photoconductive material is dependent upon the intensity

of the incident radiations, the wavelength of the incident
radiations, and the voltage applied thereacross.

The above-described photoconductors have been used
in many ways in the prior art. - For example, cells com-
prising photoconductive material between two electrodes
have been widely used to control electrical devices in ac-
cordance with the incidence of radiations on:such cell.
More recently, electroluminescent materials (i.e. mate-
rials which emit radiations in response to an eleéctric
field applied thereacross) have been used in conjunction
with the photoconductive materials to provide light ampli-

fiers and radiation reproducing and storage devices .of’

various kinds. In all of such devices, the variation of
the impedance of the photoconductive ~material in.ac-
cordance with the intensity of radiations incident thereon
has been utilized. Therefore, the primary objective of

the art has been to produce and utilize photoconductors -

having a response covering a wide spectral region, or, in
other -words, photoconductors which will respond to as
many different wavelengths as possible:
response has the effect of increasing the sensitivity of the
photoconductors since low levels of radiations of a great
-number of different wavelengths will produce the same
result as a high level of radiations of a single wavelength.

Thus, the wavelength selectivity of photoconductors,:

although known, has not been exploited to any great ex-
tent. - Photoconductive materials having a broad spectral
region of response have been used to respond to two or
more different wavelengths of radiation. ~More recently

the selectivity of photoconductors has been used to en-
able the amplification of a certain wavelength of radia-

tion independently of other wavelengths or ‘the conver-
~ sion of certain wavelengths of radiation into other wave-
lengths.

advantage.
It is an object of this mventlon to prov1de devices
capable” of  producing tadiations in response to' the ‘in-

Such’ wide band -

However, the wavelength select1v1ty of photo-
conductive response - has -not been utilized in its best
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cidence of any one or all of two or more selected spectral
reg10ns only: of radiation.

It is a further object of this invention to provide devices
capable of producing or storing radiations in a selected
spectral région in response to the incidence of any one or
all of two. or more selected spectral regions only of
radiation.

It is still another object of this invention to provide new
and useful systems and devices wherein information is
carried by combinations of distinct spectral regions of
radiation. [

Briefly, one embodiment of this invention compmses a
first “radiation ‘responsive element, the electrical im-
pedance of which is decreased by the incidence thereon
of radiations in a given spectral region only, and a volt-
age responsive. element electrically connected in series
with such first radiation responsive element.. A second
radiation responsive element, the electrical impedance of
which is decreased by the incidence thereon of radiation
only in another spectral region different from said given
spectral - region, is directly electrically connected in
parallel with the first radiation responsive element and in
series with the voltage responsive element. In operation
the incidence of radiation in either spectral region will
reduce the impedance of one of the radiation responsive
elements thus causing the voltage responsive element to
be actuatéd. - "According to one feature of this invention,
a ‘single photoconductive element, adapted to have a

‘maximum response in two or more different spectral re-

gions only, may be used in place of the parallel conrected
photoconductive - elements.

A modification ‘according to this invention may com-
prise in addition to one or more of the embodiments,
above described, a source of radiations matched to each
of the spectral regions involved and which is adapted to
be modulated to provide radiations in different spectral
regions in accordance with certain desired information,
the voltage responsive element providing an output of a
desired nature.

- This invention will be more completely understood’

_ when the following detailed description is read in con-
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junction with the appended single sheet of drawing
wherein:

Figure 1 is a schematic representation of an embodi-
ment of this invention;

Figure 2 is a graph showing generalized photoconduc-
tive response curves for a number of well-known phote-
conductive materials;

Figure 3 is an idealized perspective view partially in
cross-section of. a‘ cylindrical photoconductive crystal
which may be used according to this invention;

Figure 4 is a graph showing a generalized photoconduc-
tive response curve of the photoconductive crystal shown
in Figure 3;

Figure 5 is a graph showing the generalized electro-
Iuminescent radiation curves for a number of well-known
electroluminescent materials; )

Figure 6 is a cross-sectional view of a device con-
structed in accordance with the subject invention; and

Figure 7 is a cross-sectional view of a storage device
constructed in accordance with this invention.

Referring to Figure 1 there is shown a pair of photo-
conductive or radiation-responsive elements or cells 12
and 14 electrically connected in parallel with each other,
and- a load 16 electrically connected in series with the
parallel connected elements or cells 12 and 4. When a
voltage source 18 is.connected across the series parallel’
circuit, it will be seen that the voltage will be divided be-~
tween the load 16 and the parallel connection of the:
radiation-responsive elements 12 and 14. As is character-
istic ‘of parallel circuits, the voltage appearing there- :

“across will be determined primarily by the element 12
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or 14 having the lowest impedance and its relative mag-
nitude as compared to that of the load 16. It may
be assumed that when the radiation responsive ele-
ments 12 and 14 are shielded from all radiations they
will have approximately the same very high impedance,
as is characteristic of such materials.. Thus, if the im-
pedance of the load is much smaller than either of the
impedances of the elements 12 and 14 the voltage ap-
pearing ‘across the load 16 will be some small portion
of the applied voltage and the load 16 may be chosen
or adapted to be insensitive to such small voltage.

In operation, radiations C; to which one of the radia-
tion responsive elements 12 or 14 is sensitive are caused
to impinge upon such elements. Similarly, radiations
C, to which the other responsive element is sensitive are
caused to impinge on said other element. Such radia-
tions will cause a substantial decrease in the impedance
of the selected element and thus a decrease in voltage
appearing across the parallel connected elements 12 and
14 and an increase in the voltage appearing across the
load 16. Thus, the load 16 may be adapted to be excited
by such increase in voltage, or at such increased voltage,
to give a desired output. It will be seen that the inci-
dence of radiation upon either of the radiation respon-
sive elements 12 or 14 will produce the above described
redistribution of voltages in the circuit. It will also
be seen that the incidence of radiations C; and C, upon
both of the radiation responsive elements 12 and 14 will
produce a corresponding redistribution of voltages in
the circuit.

According to this invention each of the radiation re-
sponsive elements 12 and 14 is composed of a material
which is sensitive to radiations in a given spectral region
oaly. - Thus, where the spectral region in which the first
element 12 is sensitive does not appreciably overlap the
spectral region in which the second element 14 is sen-
sitive, an output may be induced only by the incidence
thereon of radiations in either one or both of the two
spectral regions. Referring to Figure 2, there is shown
a graph of the generalized response curves of a number
of known radiation responsive materials. ‘The radiation
or photoconductive response of the materials is plotted
against the wavelength of the incident radiations. It
will be seen from the graph of Figure 2 that a number
of combinations of materials could be selected for use as
the radiation responsive elements 12 and 14. Thus, the
embodiment of this invention shown in Figure 1 may be
adapted to respond. to radiations in either one or both

of two different spectral regions but not to radiations’

in any other spectral region. Such a device may be used
to detect the presence of radiations in either or both
spectral regions  and to give an output in accordance
therewith. i

The. radiation responsive cells or elements 12 and 14
may each comprise a large crystal of a radiation respon-
sive material to. which two electrodes are attached, as is
known in the art.  Each of such elements 12 and 14 may
also comprise radiation responsive material in the form
of crystals of powder particle dimensions bound together
by a suitable matrix into a layer or stratum and. sand-
wiched between two electrodes, or they may comprise
a layer of radiation -responsive material sintered -onto
one electrode and another electrode in contact therewith,
such as are described 'in applications of Frederick K.
Nicoll, Serial No. 527,476, filed August 10, 1955 and
now abandoned, and Soréen M. Thompson, Serial' No.
473,001, filed December 3, 1954 now U.S. Patent num-
ber 2,765,381. o

Certain structural and electrical advantages may be
obtained through the use of a single radiation responsive
element having a response in either of two different
spectral regions, in place of the two separate elements
hereinabove . described. For example, two layers, as

described above, each of a different radiation responsive -

material, may be sandwiched, side by side, between the
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4
same two conductors, in which case the element as a
whole would exhibit the response of both materials.

Figure 3 shows a single cylindrical crystal 20 having
a response in either of two different spectral regions,
which may also be used to replace the parallel con-
nected radiation responsive elements. Such a crystal may
be produced by modifying the spectral response of a
crystal 22 of a first radiation responsive material by
forming on at least one surface thereof a layer 24 of a
second radiation responsive material in the same crystal
structure "as that of the first material. A preferred
method for modifying the spectral response of a cadmium
sulfide crystal, for example, comprises heating a crystal
thereof supported over a quantity of selenium at a tem-
perature of about 700° C. The selenium volatilizes and
reacts with the cadmium sulfide forming a layer 26 of
cadmium sulfoselenide in a surface layer. A similar
process may be carried out in the production of a
sintered layer on an electrode, in which case a sintered
layer would be produced having a response similar to
that ‘of the single crystal 20 described above.

Referring to Figure 4, a graph of the photoconductive
response. of the crystal 28 plotted against wavelength
It will be seen that the response curve has
two peaks of response, one in each of two different
spectral regions. However, it will also be seen that
the crystal exhibits a lesser degree of response in the
spectral region between such peaks. Such intermediate
response is probably due to the respomse of the inter-
face region 26 between the separate crystal and the sur-
face layer thereon. The response curve of the crystal
22 has been completed in dotted lines in Figure 4 as has
been the response curve for the surface layer 24. The
curve consisting entirely of dotted lines is believed to
represent the response of the interface region 26 men-
tioned above. It is desirable to reduce the response curve
of such interface region 26 to a negligible value in order
to enhance the selectivity of the crystal with respect to
spectral response. Such reduction can probably be ac-
complished by adjusting the process to minimize the
thickness of such interface region 26. However, the ef-
fects of such intermediate response can also be mini-
mized through the proper design and operation of the
device, as described hereinafter.

The operation of an embodiment of this invention is
complicated by the fact that the magnitude of the re-
sponse of a radiation responsive material is a function
of both the wavelength of the incident radiations and the
intensity of such radiations, The graphs shown in Fig-
ures 2 and 3 are normalized graphs representing the re-
sponse of the various materials when the intensity of the
various wavelengths of radiations are held constant.
Thus, it will be seen that high intensity radiations of a
wavelength to which a given material is relatively insen-
sitive may produce the same response as low intensity
radiations of a wavelength to which the material is more:
sensitive. Furthermore, since the graphs shown in Fig-
ures 2 and 4 were evolved by subjecting the various radi-
ation responsive materials, sequentially, to different radia-
tions each in a very narrow band, they do not necessarily
represent -the response ‘which the radiation responsive
material would show to each wavelength of radiation if
alt of the wavelengths of the radiations were present on
the material at the same time. Thus, it will be seen that
this invention does not completely eliminate the necessity
for radiation shielding in all embodiments.  To state the
matter more broadly, it is not the primary purpose of
this invention to eliminate the necessity of radiation
shields in radiation responsive devices. - Embodiments of
this invention must be very carefully designed and oper-
ated in order to take advantage of the selectivity of the
photoconductive materials. as represented by the graphs
shown in Figures 2 and 4.

The -design considerations in embodiments of this in-
vention are thus divided into three main areas. First, of
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‘¢ourse, ‘is the. selection of pairs or groups of photocon-
ductive materials which have a very marked wavelength
selectivity in spectral regions that do ‘not appreciably
overlap each other.  The second consideration is the
selection and adaptation of a load that will enharnce the
selectivity of the radiation responsive material.  Since
all radiation responsive materials have a_certain level of
conduction even in the dark (i.e. without the incidence of
radiations) the load must not respond to such dark level
conduction. Similarly, the load must not respond to the
slight changes in the impedance of the radiation respon-
sive materials that might occur when radiations bordering
on or slightly overlapping with the region of spectral re-
sponse of the material impinge upon such material.
Thus, it will be seen that the load may be adapted to
enhance the selectivity of the radiation responsive mate-
rial by designing it to respond only when a certain maxi-
mum- of impedance decrease (or. radiation. response)
occurs in' the radiation responsive material.

The third area of design consideration is concerned
with the radiations which are allowed to impinge ‘upon
the radiation responsive materials. - The ideal situation
‘would be to have a source or sources of radiations in a
plurality of spectral regions which are exactly matched
to the spectral regions of response, respectively, of the
radiation responsive materials, Thus, if the radiation
responsivé materials were properly chosen, the overlap
of the spectral regions of response, and thus, of the spec-
tral regions of the radiations would be such that each
radiation responsive element would respond only to the
radiation having a spectral region matching its own and
not to the other radiations. Thus, shielding would only
be necessary to protect the radiation responsive elements
from external or ambient radiations.

According to this invention, electroluminescent ele-
ments are very advantageously used either as the load
for the radiation responsive elements or as a source of
radiations” for activating the radiation responsive ele-
ments, or both. Electroluminescent elements ‘comprise
a:layer or stratum of certain well-known phosphors’ be-
tween a pair of electrodes.” The application of a voltage
to such. electrodes will produce an.electric field between
the ‘electrodes - and  through the phosphor layer. Such
electric - field will induce radiations from the - electro-
luminescent phosphor. It is known that an electrolumi-
nescent cell may be adapted to have a certain threshold
voltage below ‘which. no- appreciable radiations will be
produced and above which radiations will be produced
and which will vary in intensity with the magnitude of
such voltage.. It will be seen that by adjusting the
threshold voltage of the electroluminescent element, a
certain amount of selectivity may be obtained. i

Furthermore, it is known that different electrolumi-
nescent materials will electroluminesce in different spec-
tral regions. "In fact, it has been found that the spectral
regions of certain electroluminescent materials corre-
spond favorably to the spectral regions: of response of
certain of the radiation responsive materials. There-
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fore, ideal ‘sources of radiations are provided by electro-

luminescent materials for embodiments of this invention.
Referring to Figure 5, a graph is shown which represents
the spectral regions covered by the radiations from cer-
tain. .electroluminescent materials. By comparing the
graph of Figure 5 with the graph of Figure 2 it will be
seen that certain of the spectral regions of electrolumi-
nescence substantially duplicate certain of the spectral
regions ‘'of response of the radiation responsive materials.

Referring to Figure 6 an embodiment of this invention
is shown in ‘which electroluminescent materials are used
both as the load and as sources of radiation in two dif-
ferent spectral regions. An electroluminescent load ele-
ment 30 is arranged in electrical contact with a pair of
radiation responsive elements-32 and 34. The radiation
responsive - elements are ‘in turn’ arranged in' radiation
receiving relationship - to a pair of -electroluminescent
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source. elements 36 and 38. The spectral response of
each of the radiation responsive elements 32 and 34 are
matched respectively to the speciral regions of electro-
luminescence of each of the electroluminescent source
elements 36 and 38. It will bg seen that at any given
level of radiation intensity from the source elements 36
and 38 the efficiency of operation will be determined by
the degree of matching of the spectral regions of response
and. electroluminescence.

A structure according to this embodiment may com-
prise a first sheet of glass 49 upon one surface of which
a transparent conductive coating 42 has been formed as
by the deposition of the vapors of stannic acid, water
and methanol .thereon. The electroluminescent load 30
may be placed in contact with the transparent conduc-
tive ‘coating and may comprise a layer of particles of
zinc sulfide with activator proportions of copper and’
coactivator proportions of iodine suspended in a trans-
parent electrical insulating material such as ethyl cellu-
lose. A second transparent conductive coating 44 may
be applied to the electroluminescent load.30 and may
comprise a thin layer of silver paste for example. The
radiation responsive elements 32 and 34 may be applied
to the second tramsparent conductive coating 44 in the
form of adjacent layers or coatings each covering a por-
tion of the area of the eleciroluminescent load 30. The
radiation responsive elements may comprise photocon-
ductive crystals of powder particle dimensions bound to-
gether by a suitable matrix, or layers of photoconductive
material sintered in situ. The first radiation responsive
element 32 may be composed of zinc sulfide and. the
second radiation responsive element 34 may be composed
of cadmium sulfide, for example. A second sheet of
glass' 46 having a transparent conductive coating 48
formed on one major surface thereof, as described with
respect to- the first sheet of glass, is positioned with the
coating 48 in electrical contact with both radiation re-
sponsive elements 32 and 34. The opposite major sur-
face of the second sheet of glass 46 is provided with two
spaced and electrically. insulated’ conductive coatings 50
each corresponding in area and position to one of the
radiation responsive elements 32 and 34. The pair of
electroluminescent source elements 36 and 38 may be
applied, one to each of the conductive coatings 56 and
coextensive therewith, in the form of layers or coatings
of electroluminescent material as described with ref-
erence to the electroluminescent load 39. The source
element 36, which is coupled to the first radiation re-
sponsive element 32, may be composed of electrolumines-
cent boron nitride, for example, and the source element
38, which is coupled to the second radiation responsive
element 34, may be composed of (ZnS:Cu,Cl) zinc sulfide
with activator proportion of copper and coactivator pro-

. portions of chlorine, for example. * A conductive coat-

ing 52 may then be applied to, and extending over, both
electroluminescent source elements 36 and 38. A differ-
ent voltage source 54 and 56 may be connected between
the conductive coating 52 and each of the conductive
coatings 50 on the opposite side of the source elements
36 and 38 and switching means 58 and 69 may be pro-
vided to enable the energization of either of the source
elements 36 and 38 separately. Amnother voltage source
62 may be connected between the first transparent con-
ductive coating 42 and the third transparent conductive
coating 48.

"It will be seen that the spectral region of electrolumi-
nescence of the boron nitride material of which the first
source element 36 is composed substantially matches- the
spectral region of response of the zinc sulfide material of
which the first radiation responsive element 32 is com-
posed and that the spectral region of electrolumines-
cence of the ZnS:Cu,Cl material of which the second
source - element 38 is composed substantially matches
the spectral region of responmse of the cadmium sulfide
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“material .of the second.radiation respomsive element 34.
It will be . seen, furthermore that the-spectral region of
electroluminescence - of the load 30 -is. intermediate t.he
spectral. regions of, response: of the radiation responsive
elements 32 and 34. . :

.In .operation, if ecither of the switches 58 or 60 . are
closed, the source element 36 and: 38 corresponding there-
to will be turned on and radiation therefrom will impinge
upon the radiation responsive elements. 32.and 34. Tt}e
impedance of only one radiation responsive element will
be appreciably decreased by radiations from each of the
source elements 36 and 38, however, due to the spectral
region matching above described. Such decrease in im-
pedance of one- of the radiation responsive elements 32
and 34 will result in a change in the voltage appearing
across the electroluminescent load 3¢ and will cause an
electroluminescent . output therefrom. Furthermore, the
electroluminescence emitted by the load 30 will not affect
the impedance of the radiation responsive elements 32
and 34 due to the mismatch of spectral regions described
above. . ’

“Thus, it will be seen that by proper adjustment of the
thickness™ of the various layers and the voltages applied
thereacross, this embodiment of the invention may be
adapted to produce radiaticns only in response to the
energization of either one or both of the source elements.
Similarly, proper mismatching of spectral regions may

be used to modify the output of the. structure, as desired. .

Referring to Figure 7, a.structure according to another
embodiment of this invention is shown. The device
shown in Figure 7 is a storage device which makes use of
the parallel connection, or the double peak response of
a radiation responsive material according to this inven-
tion. The device shown in Figure 7 may comprise a first
sheet of .glass 64 having a transparent conductive coating
66 applied to one surface thereof by any suitable method,
for example, by the deposition of the vapors of water,
methanol and stannic acid thereon. A given electro-
luminescent material may then be applied to such trans-
parent . conductive coating in the form of a layer 68.
For example, the electroluminescent material may com-
prise particles of zinc sulfide with activator proportions
of copper and coactivator proportions of chlorine and
may be suspended in a transpareat insulating material,
such as ethyl cellulose, for example, and sprayed or
painted or otherwise applied to such transparent con-
ductive coating. A second sheet of glass 76 may be
provided with a transparent conductive coating 72 upon
which a sintered layer 74 of radiation responsive mate-
rial having a double peak response similar to that shown
in Figure 4 may be applied, for example. The two
layers ‘68 and 74 are then placed in contact with each
other ‘and a voltage source is connected between the
two transparent conductive coatings 66 and 72. It will
be seen that no radiations will be induced in the electro-
luminescent material so long as there are no radiations
incident upon the layer 74 of radiation responsive mate-
rial. However, if the device is exposed to radiations C;
in a spectral region to which the radiation responsive
material 74 is sensitive, electroluminescence will be in-
duced in.the electroluminescent material. According to
one feature of the structure shown in Figure 7, the elec-
troluminescent material may be chosen so that the spec-
tral region of the radiations C, produced thereby cor-
responds to one of the spectral regions in which the radia-
tions responsive material is sensitive.
ness of the layers 68 and 74 is properly adjusted to enable
a gain of more than unity due to the feedback of the ra-
diation ‘C, from the electroluminescent material to the
radiation- responsive -material, storage can be obtained.
That is, once radiations have been induced frem the elec-
troluminescent material in response to the incidence of
radiations -in ‘a spectral -region to which the radiation
responsive. material is semsitive, such radiation will con-

Thus, if the thick-
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tinue. even. after the .actuating radiations are no longer
incident .upen.the.radiation responsive -material, .due - to
the .feedback .of radiations from the .electroluminescent
material to.the: radiation. responsive material. Thus,: it
will.be_seen -that. a-device is:provided -which -is- adapted
to be actuated.by.radiations in- one-spectral region.and
to store in.radiations of -another spectral region but will
not react to radiations.in any other- spectral region even
one-which may be intermediate that of the actuating radi-
ations and that of the storage radiations.

It will be seen that there has been provided herein-new
electroluminescent. devices.and systems which are capable
of making use.of the wavelength- selective properties of
radiation responsive material in combination with certain
light .sources to. enable. the . translating of information-in
the form of radiations of -various wavelengths into an
output of a desired type. Such systems and devices will
have wide use in .certain -storage applications wherein
it is desired to store given information or images. - Further-
more, such devices and systems will be useful in logic
and calculator systems. .According to this invention, the
amount of information which may be carried ‘in a-given
radiation beam: may be increased in-accordance with a
number of spectral regions which are used.

What is claimed is:

1. A wavelength-selective ‘radiation responsive :device
comprising a first sheet of transparent insulating material,
two.spaced, transparent conductive coatings on- one major
surface of said sheet, two elements of electroluminescent
material, each.of said -elements of electroluminescent
material being in electrical contact with only- one 6f said
coatings, an. electrical .conductor extending over both of
said elements of electroluminescence material and in elec-
trical contact therewith, a transparent conductive coating
on the other major surface of said first sheet, two ele-
ments of radiation responsive material on said conductive
coating on said .other surface of said sheet, each of said
elements of radiation responsive material corresponding
in size and position to said elements of electroluminescent
material, an-electrical conductor extending over said ele-
ments of radiation responsive material and in electrical
contact therewith, a layer of electroluminescence material
on said conductor extending over said elements of radia-
tion responsive material, and a second sheet of glass hav-
ing a transparent conductive coating on one major - sur-
face thereof positioned  with said conductive coating in
electrical contact with 'said layer of electroluminescent
material, each of said ‘elements -of electroluminescent
material being adapted to emit a different spectral region
oniy of radiations and-each of said elements of radiation
responsive elements being -adapted to respond to a dif-
ferent spectral region only of radiations, said spectral
regions of said electroluminescence being matched to
said spectral regions of response of correspondingly posi-
tioned elements of electroluminescent material and radia-
tion responsive material, respectively.

2. An electrical apparatus comprising a source of radia-
tions in each of .a plurality of different spectral regions,
radiation responsive means in radiation receiving rela-
tionship with said source of radiations, said radiation re-
sponsive means. exhibiting a decrease in -electrical im-
pedance in.response to radiations in said plurality of dif-
ferent -spectral regions only, and -electroluminescent
means, having a certain threshold voltage above which
a desired output will - occur, said radiation . responsive
means being -electrically. connected to said electrolumi-
nescent means in such manner that said -electrolumi-
nescent means will emit light over its entire emitting area
when said radiation responsive means is excited in any
of said spectral. regions, each of said plurality of spectral
regions .and the response of said radiation responsive
means and said -threshold.voltage of said electrolumines-
cent means being such.as to provide a desired output for
the ‘incidence - of - any. one of ‘said plurality. of spectral
regions: of radiations on :said radiation: responsive means,
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3. A wavelength selective radiation responsive ‘device
comprising electroluminescent means and radiation re-
sponsive means, said radiation responsive means having a
variable impedance: characteristic in response to radiant
energy and having pronounced maximum response in at
least two different spectral regions ‘as compared to a
substantial spectral region of substantially lower response
intermediate said regions of maximum  response, said
radiation responsive means being electrically connected to
said electroluminescent means in such manner that said
electroluminescent. means will emit light over its entire
emitting: area when said radiation responsive means is
excited in either of said different spectral regions.

4. A device as in claim 3, wherein said radiation re-
sponsive means comprises a plurality of radiation respon-
sive elements connected in parallel with each other and
having said pronounced maximum responses in different
spectral regions.

5.. A device as in claim 3, wherein said radiation re-
sponsive means includes a single body of material having
a double peaked response.

6. A wavelength selective radiation responsive device
comprising an electroluminescent element, first and sec-
ond photoconductive elements, conductive means elec-
trically connmecting said photoconductive elements in
parallel with each other and in series with said electro-
luminescent element so that said electroluminescent ele-
ment will emit light when either of said photoconductive
elements is excited, said first photoconductive element
having a maximum photoconductive response in one rela-
~ tively narrow band of wavelengths of light only, and said
second photoconductive element having a maximum
photoconductive response substantially only ina different
relatively narrow band of wavelengths,

7. A wavelength selective radiation responsive device
comprising a pair of spaced apart sheet-like electrodes, a
layer of electroluminescent material intermediate said
electrodes, and photoconductive layer means intermediate
said electroluminescent layer and one of said electrodes,
said photoconductive . layer means having pronounced
maximum photoconductive response in at least two dif-
ferent spectral regions -as compared. to a . substantial
response in the spectral region of substantially lower re-
sponse intermediate said regions of maximum response,
said photoconductive layer means being electrically con-
nected to said electroluminescent layer in such manner
that said electroluminescent layer will emit light over its
entire emitting area when said photoconductive layer
means is excited in either of said spectral regions.

8. A device as in claim 7, wherein said photoconduc-
tive means comprises two layers of different material ar-
ranged along side each other,
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- 9. A device as in claim 7, wherein said pbotoconduc-
tive means comprises a single body of material having a
double peaked response.

10. A device as in claim 9 wherein said photoconduc-
tive material is responsive to light falling within two rela-
tively narrow bands of wavelengths only, and said electro-
luminescent material is adapted to emit light falling sub-
stantially within one of said wavelength bands only.

11. A wavelength selective radiation responsive device
comprising a pair of spaced apart sheet-like electrodes, a
layer of electroluminescent material intermediate said
electrodes, first and second photoconductive layer means
intermediate said electroluminescent layer and cne of
said electrodes and arranged along side each other, said
first photoconductive layer having a maximum photocon-
ductive response in a first relatively narrow band of wave-
lengths only and said second photoconductive layer hav-
ing a maximum photoconductive response in a second
and different narrow band of wavelengths only, a first
electroluminescent cell adjacent to said first photocon-
ductive layer and capable of emitting light which is
matched only to the response of said first photoconduc-
tive layer, and a second electroluminescent cell adjacent
to said second photoconductive layer and capable of
emitting the light which is matched only to the response
of ‘said second photoconductive layer.

12. A device is in claim 11, wherein said electrolumi-
nescent layer is formed of a material which emits light
falling outside said first and second narrow bands.

13. A device as in claim 3, wherein said electrolumi-
nescent means is adapted to emit light falling within
said intermediate region.
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