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ABSTRACT: A luminescent display device comprising an 
electroluminescent element; an energy-responsive element 
(for example, a photoelectroconductive element) connected 
in series to said electroluminescent element so that said 

52 U.S.Ch....................................................... 315/169, energy-responsive element controls the bias voltage to said 
315/170,315/173,315/175,315/176,2501211, electroluminescent element in response to input energy, 

2501217 thereby controlling the luminescent output from said device; 
(5ll Int. Cl................................... oup woo as a u o H05b 37/00 and means for selectively separating a portion of the wave 
50 Field of Search............................................ 315/169, form of the luminescent output, thereby to increase the 

169 (TV), 171, 170, 172,173, 175, 176; 313/108; sensitivity of said device and to make the luminescent output 
250/211,217 controllable. 

54). LUMENESCENT DISPLAY DEVICE 
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3,575,634 
LUMENESCENT DISPLAY DEVICE 

This invention relates to an energy-responsive luminescent 
display device comprising an electroluminescent element and 
an energy-responsive element which varies at least in its 
electric resistance in response to a variation of energy applied 
thereto. 

Hithereto, various types of photoamplifying device which 
comprises a combination of an electroluminescent element 
and a photoelectroconductive element as the energy 
responsive element, have been proposed. However, such 
conventional devices have been based on controlling the AC 
power which contributes to the luminescence of the 
electroluminescent element, by varying the AC impedance of 
the photoelectroconductive element in relation to an incident 
energy such as light or radio-active rays. As is well known, the 
photo photoelectroconductive sensitivity of a 
photoelectroconductive element is much lower under an AC 
voltage than under a DC voltage. Generally, a 
photoelectroconductive element can be represented by an 
equivalent electric circuit consisting of a capacitance and a 
resistance connected in parallel to each other, the former 
being determined by the material and dimensions of the 
element and the latter being variable according to the energy 
excitation. Thus, the equivalent circuit or the element has a 
low AC impedance determined by the capacitance, however 
high the variable resistance is. Accordingly, in order to 
effectively vary the AC impedance 
photoelectroconductive element by an energy excitation, the 
impedance of the variable resistor should be of the same or 
lower order compared with the impedance of the parallel 
connected capacitor. Therefore, in the range of intensity of 
the energy excitation where the variable resistor has a higher 
impedance than that of the parallel capacitor, it is impossible 
to control the AC power for exciting the electroluminescent 
element by the above-mentioned energy excitation. On the 
other hand, the impedance of a photoelectroconductive 
element has a lower limitation because of the saturating 
photoelectric characteristics. Therefore, a considerable 
voltage is consumed in the photoelectroconductive element, 
thereby limiting the luminescent output taken from the 
electroluminescent element. 
For the above-mentioned three reasons, the conventional 

photoamplifying devices have been limited in the energy 
amplifying factor and the sensitivity, thus the operation of a 
high sensitivity being substantially unattainable. 
An object of this invention is to overcome the above 

mentioned disadvantages of the conventional devices and to 
provide a unique energy-responsive luminescent device of 
high sensitivity and high energy amplifying factor. 
The energy-responsive luminescent device of this invention 

comprises means for exciting an electroluminescent element 
with an AC electric field and means for controlling the AC 
electroluminescent waveforms from said AC excited 
electroluminescent element, by applying to said element a 
unidirectional electric field which relates to the electric 
resistance of an energy-responsive element when said energy 
responsive element varies at least its electric resistance in 
response to an energy excitation, thus operating as an energy 
responsive luminescent display device. 
This invention will be described hereinafter by the example 

of an embodiment where a photoelectroconductive element is 
used for energy-responsive element, with reference to the 
attached drawings in which: 

FIG. is a diagram showing the constitution of an energy 
responsive luminescent device embodying this invention; 
FGS. 2a, 2b, 2c, 2b' and 2c' show waveforms observed on 

an oscilloscope in testing the embodiment shown in F.G. 1, 
including the AC operating voltage, the luminescent output 
from the electroluminescent element and selectively 
separated luminescent pulses; 

F.G. 3 is an experimentally determined diagram which 
shows the relations between the intensity of luminescence and 
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2 
luminescent pulses A and B of the electroluminescent 
element, and - 

FIG. 4 is an experimentally obtained diagram showing the 
operating characteristics of the embodiment shown in FIG. 1 
as compared to that of a conventional device. 
Now, referring to FIG. 1, the FIG. which shows the 

constitution of an embodiment of the energy-responsive 
luminescent device according to this invention, includes a 
representation of the device by an equivalent electric circuit. 
As is well known, the waveform of luminescent output from 

an electroluminescent element (hereafter referred to as an EL 
element) which contains an electroluminescent material, for 
example, in an electroresistive (unidirectionally 
semiconductive, or an accumulatively polarizable dielectric 
medium, when the element is excited with an AC electric 
field, can be controlled by a DC electric field applied thereto. 
Here, an accumulatively polarizable dielectric medium means 
a medium which sustains the inner electric field when a 
polarizing DC voltage is applied to it from outside and holds a 
residual of said electric field when said electric field has been 
removed. An EL element as mentioned above which is excited 
with an AC electric field and the output luminescent 
waveform of which is controlled by a DC (unidirectional) 
electric field applied thereto, is referred to as an AC-DCEL 
element hereafter. 

FIG. 1 shows an equivalent circuit in which an AC-DC EL 
element 100 represented by resistor Re and capacitor C is 
connected in series to a photoelectroconductive element 200, 
that is, energy-responsive element, the resistance Re of which 
varies according to the incident light Li as an incident energy 
and a bypass capacitor element 300 having a capacitance C, 
the latter two elements being connected in parallel. An AC 
voltage source 400 and a DC voltage source 500 are 
connected to the above combined circuit, thus to apply an AC 
operating voltage V superimposed by a DC bias voltage V to 
the circuit. 
The AC luminescent power of the AC-DCEL element 100 

is supplied mainly through the bypass capacitor 300 and is 
taken out as a luminescent output L. 
The luminescent waveform of the AC luminescent output 

La can be controlled by varying the DC bias voltage V of the 
element 100 by the variable resistor Rp of the 
photoelectroconductive element 200, which in turn varies 
relating to the input light Lt. 
As this variation in waveform or intensity of the luminescent 

output relates to the of input light Li, a variation in input light 
Li can be detected as a large variation in luminescent output 
L2. 

If the AC impedance of the bypass capacitor 300 is selected 
to be an appropriate value lower than that of either the 
photoelectroconductive element 200 or the AC-DC EL 
element 100, a very small portion of the AC source voltage is 
allotted to the photoelectroconductive element 200, thus 
making the use of unidirectional photoelectroconductivity 
possible. On the other hand, as a substantial portion of the AC 
voltage V, is applied to the AC-DCEL element 100, a high 
luminescent output near the maximum value of the EL mater 
ial can be obtained. 

Accordingly, if the maximum value Rip of the resistor Rp of 
the photoelectroconductive element 200 and the value of the 
resistor R of the AC-DCEL element 100 are selected so that 
either Rpp is of the same order as R or slightly higher than Re, 
the waveform of the AC luminescent output L is effectively 
controlled by the DC voltage V, which varies in response to 
the input light Lt to the resistor Rp and a very high sensitivity 
of operation will be attained, the minimum detectable input 
light intensity Lt min of the energy-responsive luminescent 
device being equal to that of the photoelectroconductive 
element 200. 

FIG. 2 shows waveforms taken in testing the device shown 
in F.G. 1 when V is 150 v. (f=l kc.) and V is 400 v. 
The AC-DCEL element 100 in this embodiment was an EL 

the applied DC bias voltage Vb as to each of two types of 75 cell of Set 4.1X2.6 cm. in area which was, by mixing powder 
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of green luminescent ZnS EL fluorescent material with a 
dielectric medium, more particularly tricresylic phosphate 
which is accumulatively polarizable and electroresistive and 
then by applying the mixture between two plates of nesa 
coating glass. With this element, Ce was 10 pF and RE was 
5X10ohms. The photoelectroconductive element 200 in this 
embodiment was a transversally conductive sintered CdS 
photoelectroconductive cell having an area Spc-0.9X1.3 cm., 
and its maximum resistance Rp nar, i.e., electric resistance 
with no incident light was 5X10' ohms. As the bypass 
capacitor 300, an oil-filled capacitor of CF8puF was used. As 
input light Li, a green EL light was used as in the AC-DCEL 
element 100. 

FIG. 2a shows the waveform of the operating AC voltage 
VA, that is, alternating voltage applied to the AC-DC EL 
element 100, as measured at the nesa-coating light-pervious 
electrode on the luminescent output side, the potential at the 
other electrode or the electrode on the opposite side being 
used as base potential. 
FIG.2b shows the waveform of the AC excited EL output 

from the AC-D-C EL element 0-0 when the 
photoelectroconductive element 200 has no input light, while 
FIG. 2b' shows a similar waveform when the 
photoelectroconductive element 200 has an input light Li. It 
will be noted that two types of luminescent pulses A and B 
occur during each cycle of the AC voltage V. As seen from 
FIGS.2b and 2b', the input light L decreases the resistance of 
Rp and increases the bias voltage V. Accordingly, the 
waveform of the luminescent pulses A and B vary so as to 
decrease the intensity of the pulses. Therefore, in the energy 
responsive luminescent device of this embodiment, the 
luminescent output L. is a decreasing function in relation to 
the input energy or incident light L. 

It will be clear from a comparison of the luminescent pulses 
A and B that the percentage of variation in the waveform 
caused by the DC bias voltage V is different for the pulses A 
and B. 

Therefore in order to expand the controllable range of the 
luminescent output L. and thereby to attain an operation of 
high sensitivity, it is necessary to selectively use the pulse of 
higher percentage of said variation out of the luminescent pull 
ses A and B. 

FIG. 3 which shows the intensity of the luminescent pulses A 
and B for various values of the DC bias voltage V, indicates 
that the rate of decrease of the luminescent pulse A is very 
high for a negative excursion of V (that is, when the electrode 
on the luminescent output side is of negative potential in 
relation to the other electrode). 
Now, in order to selectively separate the luminescent pulse 

A, a mechanical light chopper 1000 which operates in 
synchronization to the AC operating voltage V, is used as 
shown in FIG. I. 

This light chopper 1000 comprises a synchronous motor 
1010 connected to the commercial AC power supply, rotary 
discs 1020 and 1030 provided with uniformly spaced slits of 
the same size and same number, said discs 1020 and 1030 
being adjacent to each other, and stationary discs 1040 and 
1050 which are facing, with a narrow gap interspaced, to the 
rotary discs 1020 and 1030 respectively. Chopping width, that 
is, the width of the luminescent light L to be selectively 
separated, can be easily adjusted by relatively shifting the 
angular positions of said rotary and stationary discs. In order 
to make the chopping frequency identical and synchronized 
with the frequency of the operating voltage V, the light from 
an auxiliary light source 1100 is chopped by the light chopper 
to produce rectangular light pulses Ls. These light pulses are 
converted into rectangular pulses of voltage through a 
photoelectric converter 200 which utilizes, for example, a 
PbS photoelectroconductive element, and then supplied to a 
frequency selecting amplifier 300 to select the fundamental 
sinusoidal wave, which, in turn, is supplied to a variable phase 
shifter 1400. The output from said phase shifter is used for 
input signal voltage Es to the AC voltage source 400. The 
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4, 
previously-mentioned operating voltage V of 1 kc. has thus 
been controlled. For the selective separation of a portion of 
the luminescent pulses, the light chopper 1000 must open for 
the desired pulses and close for the other pulses. This timing of 
operation is essential. In this embodiment, the timed operation 
of the light chopper 1000 in relation to the luminescent pulse 
is attained by adjusting the relative phase of the input signal 
voltage Es and accordingly the operating voltage V, through 
the phase shifter 1400. 

FIGS. 2c and 2c' show thus separated luminescent pulses A 
which are utilized as output light L. related to input light Li. 

In the embodiment of this FIG., the relative angular 
positions of the stationary and rotary discs of the light chopper 
1000 was set so that the width (period) of the selective 
separation is half a cycle of the operating voltage VA. That is, 
the opening period of the chopper 1000 was equal to the 
closing period. FIG. 2c shows the selectively separated 
luminescent pulses. A related to the pulses in FIG. 2b when 
there is no incident light, and FIG.2c' shows similar pulses A 
related to the ones in FIG.2b' when there is an incident light 
L. It will be seen from a comparison of FIGS.2b' and 2c' that 
without the masking effect by the luminescent pulses B, an 
output light L. of wider range of brightness can be taken 
through the chopper 1000 and output light L. decreases at a 
high rate with the increase of input light l. 
The solid line X in FIG. 4 is an operating characteristics 

which indicates the relation between input light Li and output 
light L. consisting of the luminescent pulses A as described 
above. 
As the spectrum distributions of lights Li and L2 is identical, 

the ratio of the variation of the output L. to that of the input Li 
indicates the energy amplifying factor of this device. 
As seen from the characteristics X, the energy amplifying 

factor G is of the order of 10 when the ratio of the areas of 
the elements 100 and 200 (SISP-9.2) is taken into 
consideration, and the minimum detectable input light 
intensity Lit is of the order of 10' lumen/m'. This means 
that the sensitivity and the energy amplifying factor of this 
device are very high. 
The dotted line Y in FIG. 4 is an operating characteristics of 

a conventional system in which the same EL element 100 and 
photoelectroconductive element 200 as the ones used in the 
above embodiment are connected in series, the same AC 
operating voltage V (150 v.) of 1 kc. being applied and the 
same green EL light is used as input light Li as in the above 
embodiment. 

Both the luminescent pulses A and B, not being separated, 
were measured as output light L. 

In the conventional system, as is well known, output light L. 
is an increasing function in relation to input light Li, the AC 
power contributing to the EL operation being controlled by 
the variation in the AC impedance of the 
photoelectroconductive element. 
As seen from the characteristics Y, the minimum detectable 

input Li at of the conventional system is 10' lumen/m. and 
the energy amplifying factor GE is approximately 10. 
Moreover, the maximum output brightness L., n is about 
one-tenth of that of the present invention in spite of the fact 
that both of the luminescent pulses A and B are included in 
output light Li, because of the AC voltage loss in the 
photoelectroconductive element. 

Thus, it will be clear from the characteristics X and Y that 
the minimum detectable input light intensity Lint in the 
device of this invention is less than one-hundredth of that of 
the conventional device, that the maximum output brightness 
La is about 10 times and that the energy amplifying factor 
G is about 1,000 times the corresponding conventional val 
eS. 

In the above embodiment of this invention, the maximum 
resistance Rp (electric resistance under no light input) of 
the photoelectroconductive element 200 is by far higher than 
the parallel resistance Re of the AC-DC EL element 100, the 
two resistances not being in a matched relation when 



5 
considered as a DC circuit. If R is selected to be equal to 
or slightly higher than R, as stated previously, the minimum 
detectable input light intensity L. in this invention can 
become the same as that of the photoelectroconductive 
element used, that is 10 to 10' lumen/m. Further, the 
maximum output brightness L. can be raised, by 
increasing the AC operating voltage V. With these 
conditions, the device of this invention can present an energy 
amplifying factor G of the order of 10 to 10 which has been 
unattainable by conventional devices, 
For the actual use of a device of this invention, it is desirable 

that the operating characteristics such as the gamma value, 
the range of output brightness and the input detecting 
sensitivity are controllable. 
Such controllability will be attained in the following 

manners. The first method of controlling is to provide means 
for making the DC bias voltage V adjustable. There is no 
need to mention that the AC voltage source 400 and the DC 
voltage source 500 can be combined to one integral source, 
since the voltages V and V are applied in superimposed 
relation to each other. 
The waveform control rate for the AC excited EL from an 

AC-DC EL element 100 is an increasing function of the 
allotted DC bias voltage W. Therefore, when V is zero volt, 
control of the waveform will be impossible in spite of the 
variation in the resistance Re of the photoelectroconductive 
element 200, thus the ratio of the ranges of output brightness 
being 1, the gamma value or contrast being zero and the value 
of L being infinite. With an increase of the voltage V, the 
waveform control rate of input light Lt increases, the range of 
output brightness and the absolute value of gamma also 
increases, and the value of Li decreases, and accordingly 
the factor G increases. 
The second method of controlling is to provide means for 

varying the width or period of said selective separation of the 
luminescent pulses, as already shown with the light chopper 
1000 in FIG. 1. 
As described previously, the waveform control rate with a 

DC bias voltage V and an input light L is higher for the 
luminescent pulses A than for the luminescent pulses B. 
Further, as to the respective luminescent pulses, the control 
rate of light intensity by V and L is different depending on the 
phasic position and width of the selective separation. 
Therefore, if means with which the width of selective 
separation of the luminescent pulses is adjustable within one 
cycle of the AC operating voltage V are provided, the 
intensity of output light Li, the adjustable range of the output 
brightness, the minimum detectable input Li ni and the 
amplifying factor Ge will become controllable. V 
The third method of controlling is to provide means with 

which the phasic position of said selective separation can be 
controlled at least in a period of half a cycle to one cycle of the 
AC operating voltage V, as has been described in connection 
with the phase shifter 1400 shown in FIG.1. 
As described above, the waveform control rate by L and V. 

is different between the luminescent pulses A and B and 
further depending on the phasic position of the separation in 
each cycle of the operating voltage. Therefore, the 
controllability of the operating characteristics is attained. In 
this case, if the period of the selective separation of the 
luminescent waveform is selected to be sufficiently short in 
comparison to half a cycle of the AC operating voltage V and 
the phasic position of the selective separation is made 
controllable in a period ranging from one cycle to half a cycle, 
the variation of output light L against the variation of L or V. 
shows, besides decreasing characteristics as mentioned 
previously, various characteristics including increasing 
characteristics and V-shaped or reversed V-shaped 
characteristics. Further, a percentage of variation or range of 
variation of output light L due to the variation of Lt or V can 
be made controllable in the above-mentioned various 
characteristics. 
The fourth method of controlling is to provide means for 

changing the polarity of the DC bias voltage Va. 
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In the embodiment shown in FIG. 1, the voltage is applied to 
the element 100 in such a manner that the electrode on the 
light output side is of negative polarity. If the polarity of the 
applied voltage is exchanged, the luminescent pulses B will be 
more affected by the input than the pulses A will. Therefore, 
controlling of the operating characteristics will be attained by 
simply reversing the polarity of the voltage V, without 
manipulating the means for selectively separating the 
luminescent pulses. Either the dielectric medium of the AC 
DC EL element 100 is electroresistive or accumulatively 
polarizable, the control rate of the luminescent waveform by 
L and V is lower when the output side electrode is biased in 
positive polarity than when it is biased negatively. This effect 
is outstanding especially when the dielectric medium is a 
resistive one. When a dielectric medium of accumulatively 
polarizable property is used, the control rates in both polarit 
ies may be approximately the same. However, a residual of the 
DC electric field produced by the DC bias voltage V remains 
even after the voltage V was removed. With this accumulating 
effect, control of the luminescent waveform by input light Li 
and bias voltage V is irreversible, as the residual polarization 
is maintained long after Li and V were removed. This effect is 
very desirable for an accumulative display device of an 
incident energy, that is, input light Li, while it is desirable that 
the control of the luminescent waveform by L and V is rever 
sible, for an energy-responsive luminescent device which is 
not intended for an accumulative operation. 
However, when the DC bias voltage V is applied to the 

element 100 so that the electrode on the light output side is 
negative contrary to the other electrode, as shown in FIG. 1, 
the above-mentioned irreversibility of control does not exist. 

Therefore, in order to attain a reversible operation of high 
sensitivity regardless of the type of dielectric medium, it is 
desirable to provide means for applying the DC bias voltage so 
that the polarity of the electrode on the light output side is 
negative. 
The above-mentioned four methods of controlling the 

operating characteristics can be adopted separately or in 
combination of two or more of these methods. 

In the embodiment of FIG. 1 wherein means for selectively 
separating the luminescent pulses and means for 
synchronizing said separation of pulses to the AC operating 
voltage V are schematically shown, the initial or 
synchronizing signal for the operating voltage V is supplied 
from means for selectively separating the luminescent pulses. 
Such synchronization can be attained also by other means. 
One example of such means will be explained in connection 
with the embodiment of FIG. I. Either pulse voltage or signal 
voltage from an AC voltage source is used as base signal 
voltage to drive the synchronous motor 1010 after necessary 
frequency multiplying or dividing, shaping and amplifying, 
and at the same time, the input signal voltage Es to the AC 
voltage source 400 is produced from the above-mentioned 
base signal voltage. 

In the luminescent display device of this invention, special 
consideration is required for the selection of the frequency of 
the AC operating voltage V. 
An AC-DC EL element has generally a low specific 

resistance as compared to conventional EL elements in which 
a dielectric medium of a low dielectric loss is used. 
Accordingly, the luminescent output of a conventional EL 
element under an AC excitation is an increasing function of 
the operating frequency if the operating voltage is unchanged. 
However, the outputs of the AC-DC EL element at various 
operating frequencies show peaked characteristics, indicating 
that there is an appropriate operating frequency that gives a 
maximum luminescent output. On the other hand, the control 
rate of the luminescent waveform by the DC bias voltage V 
drops remarkably when the operating frequency exceeds the 
frequency that gives the maximum luminescent output. 
Therefore, in order to obtain a high output light L. and a high 
energy amplifying factor in the device of this invention, the 
operating frequency should be selected so that it is the 
frequency which gives the maximum luminescent output or a 
frequency slightly lower than that. 
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In the embodiment shown in FIG. 1, the specific resistance 
of the AC-DC EL element 100 was approximately 10 ohm 
cm. and the operating frequency which gives the maximum 
luminescent output was l kc. For these reasons, the operating 
frequency of 1 kc. was adopted in the embodiment. 

In the above embodiment, a liquid medium was used as 
dielectric medium. However, in order to obtain an easy-to 
handle and stable energy-responsive luminescent device, the 
diclectric medium constituting the AC-DCEL element should 
be a light-pervious solid which is either electroresistive or 
accumulatively polarizable. 

It was found by our experiment that the specific resistance 
of the dielectric medium is preferably near that of the EL 
fluorescent material so that the DC bias voltage is applied 
effectively to the EL material. 
As for the ordinary EL fluorescent material such as ZnS, the 

specific resistance of the dielectric medium for effective 
control of the waveform is of the order of 10 to 10 ohm-cm. 
Further essential requirements are; that the dielectric medium 
is not deteriorated by the high temperature originated from 
ohmic loss in the high sensitivity operation; that the voltage vs. 
current characteristics is as ohmic as possible; and that the 
dielectric medium does not deteriorate the EL fluorescent 
material nor obstruct the luminescent property. 
The present inventor has found that an AC-DCEL element 

which satisfies the above-mentioned conditions can be 
composed in the following manner. 
To manufacture such an AC-DCEL element of the resistive 

dielectric medium; for example, pulverized frit of boron-silicic 
acid type, powder of ZnS EL material and powder of 
electroresistive (semiconductive) metal oxide such as SnO, 
TiO, or SbOs which is reflective of the luminescent light from 
said EL material, are mixed; and this mixture is applied on a 
plate of glass, ceramics or metal (for example, iron or nickel) 
which is covered by an electrode of metal oxide film such as a 
SnO, film; and then the assembly is heated at a temperature of 
600 to 700° C. for 2 to 10 minutes to fuse the frit. Namely, the 
element is made by dispersing the EL material into a dielectric 
medium of vitreous material containing an electroresistive 
metal oxide. 
To manufacture an AC-DC EL element of the 

accumulatively polarizable dielectric medium, frit of boron 
silicic acid type containing Li or Li and Ti is used in the above 
process. In either case, the specific resistance of the element is 
controlled by the amount of metal oxide to be mixed. 

In the AC-DCEL element as shown in FIG. , a substrate of 
laminated formation is used as one electrode, and the other 
electrode, light pervious or impervious, is provided on the 
other side. In the above constitution, the flow point of frit is 
selected to be lower than the forming temperature of the 
element, that is, 600-700 C., and either the softening point 
or flow point of the substrate is selected to be higher than said 
forming temperature. Further, the heat expansion coefficients 
of the materials are selected so as to be in a similar order. 
According to this invention, an energy-responsive 

luminescent display device in the shape of an image panel can 
be constructed by arranging the elements illustrated in FIG. 1 
in a plane. 
Though the input energy to the photoelectroconductive 

element was a light in the above embodiment, Roentgen rays 
or other radiations can also be used as input energy, as the 
photoelectroconductive element utilizing CdS, CdSe, CdS:Se 
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8 
or a similar material is responsive to these radiations. 
Though a photoelectroconductive element was used as the 

energy-responsive element in the above embodiment, a 
piezoelectroresistive element, a magnetoelectroresistive 
element, or a similar element can also be used, as an energy 
responsive element is usable if its electric resistance varies in 
response to energy excitation. Further, it will be understood 
that the input energy may be an elastic energy, a magnetic 
energy or other types of energy. 

In the device of this invention, the light output of the EL 
element is controlled by the variation of the resistance of the 
energy-responsive element in the DC (unidirectional) electric 
field, control of the AC power being unnecessary. Therefore, 
the effect of the parallel capacitive impedance is eliminated 
and a very high sensitivity to the input energy is attained with 
the operation under DC circuit conditions. Thus, if proper 
matching of the DC resistances between the EL element and 
the associated energy-responsive element is attained, the 
intensity of the minimum detectable energy with this device 
will become the same as that of the energy-responsive element 
perse, thus making possible a high sensitivity operation which 
could not be achieved by the conventional devices. Further, 
the AC electric power required to energize the EL element 
can be supplied not necessarily through the energy-responsive 
element but by other means. Therefore, the AC power can be 
supplied to such an extent that the luminescent output near 
the highest output of the EL element is derived, regardless of 
the variation in the resistance or impedance of the energy 
responsive element, thus making effective generation of a very 
high luminescent output possible. 
Thus, a very high amplifying factor is obtained in 

connection with a very low level of minimum detectable 
energy intensity. 

I claim: 
1. A luminescent display device comprising an 

electroluminescent element, means for applying an AC 
voltage to said electroluminescent element for excitation, 
means for applying a DC voltage to said electroluminescent 
element, means for controlling said DC voltage so as to vary 
the waveform of the luminescent output of said 
electroluminescent element, and means for sampling said 
luminescent output in synchronization with said AC voltage. 

2. A luminescent display device as defined in claim 1, 
wherein said means for controlling said DC voltage is an 
energy-responsive element, and said AC voltage is applied to 
said electroluminescent element through a capacitive 
element. 

3. A luminescent display device as defined in claim 1, 
wherein is provided means for controlling at least either one of 
the width and the position of the sampling performed by said 
sampling means. 

4. A luminescent display device as defined in claim 1, 
wherein a power source for generating said AC voltage is 
connected with said sampling means in such a manner that the 
frequency of said AC voltage is determined on the basis of the 
operation of said sampling means. 

5. A luminescent display device as defined in claim 1, 
wherein said sampling means comprises a mechanical light 
chopper driven by a synchronous motor. 

6. A luminescent display device as defined in claim 1, 
wherein said means for applying a DC voltage includes means 
for reversing the polarity of said DC voltage. 


