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57 ABSTRACT 

An electroluminescent device includes a piece of elec 
troluminescent phosphor material of the kind having a 
localized region of high electrical resistivity produced 
by forming and means for applying across at least a 
part of the said region a series of unidirectional volt 
age pulses having a mean pulse height significantly 
greater than the forming voltage for the piece and a 
mean pulse length having such a value as to provide 
emission of light having a brightness corresponding to 
the upper part of the peak of the pulse response char 
acteristic for the piece at that given mean pulse 
height. 
The piece is preferably a panel having a matrix of 
electroluminescent elements. 

9 Claims, 7 Drawing Figures 
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1. 
ELECTROLUMINESCENT DEVICES 

The present invention relates to electroluminescent 
devices. 
A number of solid state display devices have been 5 

proposed as alternatives to the cathode ray tube. These 
have the potential advantages of compactness and 
cheap manufacture. One such solid state display device 
is an electroluminescent device (panel) in which light 
is emitted from a region or a number of regions of elec-10 
troluminescent phosphor material, such as zinc sul 
phide, by the direct application of an electric field 
across each region. The electric field applied across 
each region can either be alternating or unidirectional. 
The phosphor material is manufactured to suit the type 15 
of fields applied. 
The present invention is concerned with an electrolu 

minescent device having a phosphor material suitable 
for the application of unidirectional fields. Such mate 
rial is characterized by the feature that it possesses a 20 
localized region of high electrical resistivity produced 
during its manufacture by a treatment known as "form 
ing.' Any given piece of such material can be specified 
by the degree of forming applied to it. The degree of 
forming can be specified in relation to a “forming volt- 25 
age' (defined below) for the piece. 

It has been discovered that if a series of unidirec 
tional voltage pulses is applied across a formed piece of 
electroluminescent phosphor material the mean bright 
ness of light emitted varies as a function of the mean 30 
length of the applied pulses. For any given mean duty 
cycle (ratio of pulse length to time between corre 
sponding points on adjacent pulses in the series) and 
any given mean pulse height (magnitude) this function 
can be uniquely defined for the piece. 
The function will, for a given duty cycle and a given 

pulse height, be herein referred to as the "pulse re 
sponse characteristic' of the piece. Each pulse re 
sponse characteristic is most meaningful when plotted. 
on a graph in which both axes are logarithmic. 
The pulse response characteristic for mean pulse 

heights equal to, close to or less than the forming volt 
age for the piece are basically plateau-shaped (when 
plotted logarithmically). In other words, the mean 
brightness obtained does not differ significantly from 
that obtained by essentially continuous operation, ex 
cept for pulses having a short pulse length where the 
mean brightness is significantly less. 
We have found, however, that the pulse response 

characteristic for mean pulse heights significantly 
greater than the forming voltage for the piece possesses 
(when plotted logarithmically) a smooth, well-defined 
peak for pulses whose mean pulse length falls within a 
given band or region (occurring at short mean pulse 55 
lengths). We have found, unexpectedly, that it is bene 
ficial to use pulses having a mean pulse length such as 
to provide emission of light having a brightness corre 
sponding to the upper part of this peak. 
According to the present invention there is provided 60 

an electroluminescent device including a piece of elec 
troluminescent phosphor material of the kind having a 
localized region of high electrical resistivity produced 
by forming and means for applying across at least a part 
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of the said region a series of unidirectional voltage 65 
pulses having a mean pulse height significantly greater 
than the forming voltage for the piece as hereinafter 
defined and a mean pulse length having such a value as 
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to provide emission of light having a brightness corre 
sponding to the upper part of the peak of the pulse re 
sponse characteristic as herein defined for the piece at 
that given mean pulse height. 
According to an aspect of the present invention there 

is provided an electroluminescent device including a 
piece of electroluminescent phosphor material of the 
kind having a localized region of high electrical resistiv 
ity produced by forming and, applied across at least a 
part of the said region, a series of unidirectional voltage 
pulses having a mean pulse height significantly greater 
than the forming voltage for the piece as hereinafter 
defined and a mean pulse length having a value provid 
ing emission of light having a brightness corresponding 
to the upper part of the peak of the pulse response 
characteristic as herein defined for the piece at that 
given mean pulse height. 
According to another aspect of the present invention 

there is provided an electroluminescent device includ 
ing a plurality of elements of electroluminescent phos 
phor material arranged in matrix formation each of the 
kind having a localized region of high electrical resistiv 
ity produced by forming, means for applying a first se 
ries of unidirectional electrical potential pulses of one 
polarity to a selected row of elements in the matrix and 
means for applying a second series of unidirectional 
electrical potential pulses of the opposite polarity to a 
selected column of elements in the matrix, the pulses 
of the first series being contemporaneous with those of 
the second series, the pulses of the first and second se 
ries having respective mean pulse heights such that the 
sum of their magnitudes is significantly greater than the 
forming voltage as hereinafter defined for the elements 
in the matrix and the pulses of both series having a 
pulse length having such a value as to provide emission 
of light having a brightness corresponding to the upper 
part of the peak of the pulse response characteristic as 
herein defined for the elements in the matrix at that 
given mean pulse height. 
The elements can either be separate pieces or parts 

of a single piece. 
Where the term "a piece" is used in this specification 

and the appended claims in relation to electrolumi 
nescent phosphor material, the term is to be construed 
as including a layer of powdered electroluminescent 
phosphor material held in a binding medium, and a thin 
film of evaporated electroluminescent phosphor mate 
rial. 
The "upper part' of the peak of a pulse response 

characteristic of a given region or element of electrolu 
minescent phosphor material will be defined for the 
purposes of this specification and the appended claims 
as the region on that characteristic where the bright 
ness B of the emitted light is equal to or greater than 
a given brightness Bo. The brightness Bo will be defined 
as follows. If the brightness of light obtained when op 
erating at the maximum of the peak of the pulse re 
sponse characteristic is B and the brightness of light 
obtained when operating on the pulse response charac 
teristic with pulses having a pulse length of 5 millisec 
onds (which is essentially the same as continuous oper 
ation) is Boc then the brightness Bo is given by the 
equation 

log Bo =%(log B+log Bic) 
(l) 



3 
In other words the upper part of the peak is that re 

gion above half-height when the pulse response charac 
teristic is plotted logarithmically. 

In absolute terms Bo is hence given by the equation 

(2) 

Embodiments of the present invention will be de 
scribed by way of example with reference to the ac 
companying drawings, in which: 
FIG. 1 is a graph consisting of pulse response charac 

teristics for a given piece of electroluminescent phos 
phor material. - 
FIG. 2 is a part cross-sectional elevation of a simple 

electroluminescent panel which may be operated in a 
manner embodying the present invention. 
FIG. 3 is a part cross-sectional plan on the line III 

-III of the panel of FIG. 2. 
FIGS. 4, 5, 6 and 7 are circuit diagrams of different 

circuits which can be used to apply electrical potential 
pulses to the conductors of electroluminescent panels 
(such as that of FIG. 2 and FIG. 3). 
United Kingdom Patent Specification. No 1,300,548 

(Vecht U.S. Pat. No. 3,731,353) describes a method of 
manufacturing an electroluminescent phosphor mate 
rial suitable for use with the application of unidirec 
tional electric fields, i.e. suitable for use in connection 
with the present invention. Basically, the method is as 
follows. An admixture is formed of particles of a com-- 
pound or compounds of an element of Group IIb with 
an element of group VIb (such as zinc sulphide) and an 
activator such as manganese. The particles of the ad 
mixture are then coated with an element of group Ib 
(such as copper). The coated particles are embedded 
in a translucent binding matrix (such as polymethyl 
methacrylate) to form a piece (normally a layer) of 
phosphor material. An electrode is attached to one part 
of the piece and another electrode is attached to an 
other part of the piece. A unidirectional voltage is ap 
plied between the electrodes. This produces an electri 
cal current in the piece of phosphor material. This cur 
rent produces a localized region of high electrical resis 
tivity within the piece of phosphor material near the 
positive electrode. 

Alternatively, suitable material may be provided by 
the deposition on a suitable substrate such as glass of 
a thin film of phosphor material by evaporation. A lo 
calized region of high electrical resistivity is then 
formed in the film in a manner similar to that described 
above. - 
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4. 
stant power (typically, although not essentially, 2 watts 
per sq cm) through the piece of phosphor material over 
a longer period (typically, although not essentially an 
hour) until a maximum voltage is reached. This type of 
forming is known as dc forming at approximately con 
stant power. 
Forming may, however, be carried out in other ways 

such as by the application of voltage pulses or by the 
application of a steadily increasing voltage followed by 
a voltage step. However, a piece of phosphor material 
formed in another way will have pulse response charac 
teristics equivalent to those of a particular correspond 
ing piece formed by dc forming at approximately con 
stant power. - 
For the purposes of this specification and the ap 

pended claims the "forming voltage' of a given piece 
or element of electroluminescent phosphor material 
will be defined as follows. It is the maximum voltage 
used to form the given piece or element by dc forming 
at approximately constant power. Alternatively, in the 
case of a given piece or element formed otherwise than 
by dc forming at approximately constant power, it is 
the maximum voltage which would be used to form by 
dc forming at approximately constant power a piece of 
phosphor material having equivalent pulse response 
characteristics to those of the given piece or element. 

30 
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FIG. 1 is a graph consisting of pulse response charac 
teristics for a given piece of electroluminescent phos 
phor material having a forming voltage of about 50 
volts. The axes of the graph, which consist of the mean 
brightness of emitted light in foot-lamberts and the 
mean pulse length in microseconds, are both on loga 
rithmic scale. The characteristics are plotted for re 
spective pulse heights of 40, 50, 70, 90 and l 10 volts 
and for a duty cycle of 0.5 percent. 
When the mean voltage pulse height (magnitude) 

i.e., the average height of a series of applied voltage 
pulses, is close to or below the forming voltage (i.e. is 
either 40 volts or 50 volts) the characteristic is approxi 
mately plateau-shaped. However, at the higher values 
of voltage pulse height (magnitude) (i.e. 70,90 and 
10 volts), a definite peak is developed in the charac 

teristic. It has unexpectedly been found beneficial to 
operate devices made from a piece of formed electrolu 
minescent phosphor material using a series of pulses 
having a length (typically 2 p. sec) corresponding to the 

50 

In any method of producing a piece of phosphor ma 
terial suitable for operation using unidirectional volt 
ages (including the methods described above), the 
most essential step is that of producing the localized re 
gion of high electrical resistivity. It is from this region 
that light emission occurs during operation of a device 
made from the piece of material. The step of producing 
the region is known as “forming." 
Forming may be carried out by the application of a 

steady voltage (typically, although not essentially, 25 
volts) between the electrodes for a short period (typi 
cally, although not essentially, 2 or 3 minutes) until the 
piece of phosphor material is capable of weakly emit 
ting light (at a level of about 5 - 10 foot-lamberts), fol 
lowed by the application of a steadily increasing volt 
age between the electrodes at an approximately con 

55 

65 

upper part of the pulse response characteristic for that 
series of pulses above the forming voltage. 

In order to achieve emission of light having a high 
brightness from an electroluminescent device of the 
type described without the use of latching elements it 
would normally be considered necessary to operate the 
device using a series of unidirectional voltage pulses. 
However, it would be expected that it would be very 
harmful to the device to use pulses having a mean 
height (magnitude) significantly greater than the form 
ing voltage and having short pulse length. This is be 
cause the peak (pulse) power delivered to the device 
in such an arrangement is much greater than that for 
essentially continuous operation using the same mean 
power. However, in connection with the present inven 
tion, it has unexpectedly been found that the use of a 
series of pulses having a mean pulse height significantly 
greater than the forming voltage and a mean pulse 
length (i.e., the average length of the pulses in the se 
ries of applied pulses) corresponding to operation on 
the upper part of the peak of the pulse response charac 
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teristic for that series of pulses is not harmful to the de 
vice. In fact the active life of the device is very much 
longer than expected, and the level of brightness of 
emitted light remains essentially constant for the major 
part of the life (whereas it continuously falls using es- 5 
sentially continuous operation). Furthermore, besides 
providing improved brightness, the arrangement also 
provides improved discrimination between the bright 
ness of light emitted from regions of a given piece of 
electroluminescent material operated (lit) and those 10 
not intended to be operated (lit). 
FIG. 2 is a part cross-sectional elevation, and FIG. 3 

is a part cross-sectional plan on the line III-III in FIG. 
2, of a simple electroluminescent panel which may be 
operated in a manner embodying the present invention. 15 
A block 1 made of glass bears a strip 3 made of trans 
parent electrically conducting material such as tin 
oxide and a strip 5 parallel with the strip 3 and made 
of the same material. A layer 7 of formed electrolumi 
nescent material produced by one of the methods de- 20 
scribed above is deposited on the block 1 over the 
strips 3,5. A strip 9 of conducting material such as alu 
minum is deposited on the surface of the layer 7 so as 
to run in a direction perpendicular to the strips 3,5. A 
strip 11 of the same conducting material is deposited 25 
on the surface of the layer 7 parallel to the strip 9. A 
strip 13 of conducting material such as aluminum and 
a strip 15 of the same material are deposited on the 
block 1 parallel to the strips 9, 11. The strip 9 is electri 
cally connected to the strip 13 by a region 17 of con- 30 
ducting paint applied at the edge of the layer 7, and the 
strip 11 is electrically connected to the strip 15 by a re 
gion of electrically conducting paint applied at the edge 
of the layer 7. An encapsulating cover 21, made for ex 
ample of resin, is deposited on the block 1 preferably 
while in an inert atmosphere and around the layer, 7. 
The cover 21 prevents atmospheric contaminants from 
reducing the active life of the layer 7. The strips 3, 5, 
13, 15 each have an end protruding outside the cover 
21. The protruding end of the strip 3 is connected to an 
external conductor Y1. Likewise, the protruding ends 
of the strips 5, 13 and 15 are respectively connected to . 
external conductors Y2, X1 and X2. 
When a unidirectional operating voltage is applied 

between one of the conductors X1, X2 (which is made 
negative) and one of the conductors Y1, Y2 the voltage 
causes emission of light from the region of the layer 7 
between the corresponding strips to which those con 
ductors are electrically connected and the light is ob 
served to pass through the block 1. For example, if a 
unidirectional operating voltage is applied between the 
conductor X1 and the conductor Y (with the conduc 
tor Y1 made positive) the voltage appears across the 
layer 7 in the region where the strip 3 and the strip 9 
overlap. 

In accordance with an embodiment of the invention, . 
the operating voltage applied are pulses having a mean 
pulse height (magnitude) greater than the magnitude of 
the forming voltage for the layer 7 and having a mean go 
pulse length corresponding to the upper part of the 
peak of the pulse response characteristic for the layer 
7 and for those given pulses. . 

If required, the layer 7 may be scribed or etched into 
discrete areas (not shown) to form electrically isolated 65 
operating elements. A matrix of four such elements will 
thereby be formed. One element will include the region 
of the layer 7 where the strip 3 and the strip 9 overlap. 

35 

40 

45 

50 

55 

6 
The others will respectively include the regions of the 
layer 7 where the strip 3 and the strip 11 overlap, where 
the strip 5 and the strip 9 overlap and where the strip 
5 and the strip 11 overlap. 
The regions of the layer 7 where the strip 3 and the 

strip 9 overlap, where the strip 3 and the strip 11 over 
lap, where the strip 5 and the strip 9 overlap and the 
strip 5 and the strip 11 overlap will hereinafter be re 
ferred to collectively as EL (electroluminescent) re 
gions. The conductors Y1, Y2 will hereinafter be re 
ferred to collectively as Y conductors. The conductors 
X1, X2 will hereinafter be referred to collectively as X 
conductors. 
There are various addressing methods by which volt 

age pulses can be applied to the panel described with 
reference to FIG. 2 and FIG. 3, or to any similar panel 
containing a greater number of EL regions appropri 
ately connected to corresponding X conductors and Y 
conductors. Suppose that it is necessary to apply a volt 
age V volts across certain EL regions of a given panel 
to produce light emission from those regions. 
A first addressing method is as follows. The X con 

ductors are held at ground potential. A positive pulse 
having a magnitude V volts is applied in turn to each 
Y conductor. The disadvantage of this method is that 
the voltage V is applied across every EL region electri 
cally connected to the same Y conductor. 
A second addressing method is as follows. The X 

conductors and the Y conductors are all initially held 
at ground potential. A first positive potential pulse hav 
ing a magnitude V1 is applied to a first Y conductor. 
A first negative potential pulse, having a magnitude V2, 
is applied contemporaneously with the first positive 
pulse, to each X conductor electrically connected to an 
EL region which it is desired to operate (and which re 
gion is also electrically connected to the first Y conduc 
tor). The magnitudes of V1 and V2 are such that V2 
+ V2 - (V). The values of these magnitudes may be 
optimized by theory or experimentation. The first posi 
tive pulse and the first negative pulse are then contem 
poraneously removed. After a gap in time, a second 
positive potential pulse (identical with the first positive 
pulse) is then applied to the next Y conductor. A sec 
ond negative potential pulse (identical with the first 
negative pulse) is applied, contemporaneously with the 
second positive pulse, to each X conductor electrically 
connected to an EL region which it is desired to oper 
ate (and which region is also electrically connected to 
the Y conductor to which the second positive pulse is 
applied). The second positive pulse and the second 
negative pulse are then contemporaneously removed. 
If the panel contains a matrix having more than 2 X 2 
EL regions, a third positive potential pulse, identical 
with the first and second positive pulses, is applied to 
the next Y conductor after a gap in time, while a third 
negative potential pulse, identical with the first and sec 
ond negative pulses, is applied, contemporaneously 
with the third positive pulse, to appropriate X conduc 
tors, and so on. When a pulse has been applied across 
every appropriate EL region in the panel the method is 
repeated to provide refreshed operation. 
FIG. 4 is a circuit diagram of a circuit which can be 

used to apply a positive potential pulse to a Y conduc 
tor by the second addressing method described above. 
An input conductor C1 leading from control logic (not 
shown) is connected to one end of a resistor R1. The 
other end of the resistor R1 is connected to the base of 



7 
an n-p-n transistor TR1. The resistor R1 and the base 
of the transistor TR1 have a common connection to 
one end of a resistor R2, the other end of which is con 
nected to a grounded conductor C3. The emitter of the 
transistor TR1 is also connected to the conductor C3. 
The collector of the transistor TR1 is connected to one 
end of a resistor R3, the other end of which is con 
nected to an HT conductor C2 (having a potential of 
(about) V1 volts). The collector of the transistor TR1 
and the resistor R3 also have a common connection, 
consisting of a conductor C4, to the base of an n-p-n 
transistor TR2, whose collector is connected to the 
conductor C2 and whose emitter is connected to one 
end of a resistor R4. The other end of the resistor R4 
is connected to the conductor C3. A unidirectionally 
conducting diode D1 is connected between the emitter 
of the transistor TR2 and the conductor C4, in such a 
way as to conduct whenever the emitter of the transis 
tor TR2 is positive with respect to the conductor C4. 
An output conductor C5 is also connected to the emit 
ter of the transistor TR2. The conductor C5 leads to a 
Y conductor (not shown in FIG. 4) of an electrolumi 
nescent panel (such as the conductor Y1 in the panel 
described with reference to FIG. 2 and FIG. 3). 
The circuit operates as follows. The transistor TR1 is 

initially in its ON (conducting) state and the transistor 
TR2 is initially in its OFF (non-conducting) state. The 
conductor C1 is initially at a small positive potential 
(about 5 volts). The conductor C5 is initially at ground 
potential. An input control pulse is supplied from the 
control logic. This reduces the potential of the conduc 
tor C1 to ground potential and causes the transistor 
TR1 to be switched into its OFF state. The potential of 
the collector of the transistor TR1 therefore rises, caus 
ing a corresponding rise in the potential of the base of 
the transistor TR2. This causes the transistor TR2 to be 
switched into its ON state. A current path is therefore 
formed from the conductor C2 to the conductor C5 
through the transistor TR2, and this allows the poten 
tial of the conductor C5 to rise to about 1 volt below 
that of the potential of the conductor C2. At the end 
of the control pulse the potential of the conductor C1 
returns to its initial value. The transistor TR1 is 
switched back into its ON state. The transistor TR2 is 
switched back into its OFF state, and the potential of 
the conductor C5 is therefore reduced. As soon as the 
transistor TR2 is in its OFF state the diode D1 is for 
ward biased. A current path therefore exists between 
the emitter of the transistor TR2 and the conductor C3, 
through the diode D1 and the transistor TR1. The posi 
tive side of the EL region (not shown in FIG. 4) to 
which the conductor C5 is connected is therefore 
quickly discharged via this current path. 
For an EL region having a light emitting area of 

4mm, the transistors TR1 and TR2 may suitably be 
2N5551 transistors, the resistors R1, R2, R3 and R4 
may suitably have respective values of 1K), 330), 
3.3KO and 33KO and the diode D1 may be an AAY 12 
diode. 
FIG. 5 is a circuit diagram of a circuit which can be 

used to apply a negative potential pulse to an X con 
ductor by the second addressing method described 
above. The circuit is the p-n-p transistor analogue of 
that described with reference to FIG. 4. An input con 
ductor C6 leading from control logic (not shown) is 
connected to one end of a resistor R5. The other end 

O 
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transistor TR3. The resistor R5 and the transistor TR3 
have a common connection to one end of a resistor R6, 
the other end of which is connected to a conductor C8 
held at a small positive potential (about 5 volts). The 
emitter of the transistor TR3 is also connected to the 
conductor C8. The collector of the transistor TR3 is 
connected to one end of a resistor R7, the other end of 
which is connected to a conductor C7 held at a poten 
tial of about -V2 volts. The collector of the transistor 
TR3 and the resistor R7 also have a common connec 
tion, consisting of a conductor C9, to the base of a 
p-n-p transistor TR4, whose collector is connected to 
the conductor C7 and whose emitter is connected to 
one end of a resistor R8. The other end of the resistor 
R8 is connected to the conductor C8. A unidirection 
ally conducting diode D2 is connected between the 
emitter of the transistor TR3 and the conductor C9, in 
such a way as to conduct whenever the conductor C9 
is positive with respect to the emitter of the transistor 
TR4. An output conductor C10 is also connected to the 
emitter of the transistor TR3. The conductor C10 leads 
to an X conductor (not shown in FIG. 4) of the electro 
luminescent panel (such as the conductor X1 in the 
panel described with reference to FIG. 2 and FIG. 3). 
The circuit operates as follows. The transistor TR3 is 

initially in its ON state, and the transistor TR4 is ini 
tially in its OFF state. The conductor C6 is initially at 
ground potential, and the conductor C10 is initially at 
the potential of the conductor C8. An input control 
pulse is supplied from the control logic. This raises the 
potential of the conductor C6 to about +5 volts. The 
transistor TR3 is then switched into its OFF state. The 
potential of the collector of the transistor TR3 there 
fore falls, causing a corresponding fall in the potential 
of the base of the transistor TR4. This causes the tran 
sistor TR4 to be switched into its ON state. A current 
path is therefore formed from the conductor C7 to the 

45 

50 

55 

60 

conductor C10 through the transistor TR4, and this al 
lows the potential of the conductor C10 to fall to about 
1 volt above that of the conductor C7. At the end of the 
control pulse the potential of the conductor C6 returns 
to that of ground. The transistor TR3 is therefore 
switched back into its ON state. The transistor TR4 is 
consequently switched back into its OFF state, and the 
potential of the conductor C10 therefore rises. As soon 
as the transistor TR4 is in its OFF state again the diode 
D1 is forward biased. A current path therefore exists 
between the emitter of the traNsistor TR4 and the con 
ductor C8, through the diode D2 and the transistor 
TR3. The negative side of the EL region (not shown in 
FIG. 5) to which the conductor C5 is connected is 
therefore quickly discharged via this current path. 
For an EL region having a light-emitting area of 

about 4mm, the transistors TR3 and TR4 may suitably 
be 2N5401 transistors, the resistors R5, R6, R7, R8 
may suitably have respective values of 1K), 33O(), 
3.3KO) and 33K) and the diode D2 may be an AAY 12 
diode. 
FIG. 6 is a circuit diagram of a simpler circuit (than 

that described with reference to FIG. 4) which can be 

65 

of the resistor R5 is connected to the base of a p-n-p 

used to apply a positive pulse to a Y conductor by the 
second addressing method described above. An input 
conductor C11 leading from control logic (not shown) 
is connected to one plate of a capacitor CAP1. The 
other plate of the capacitor CAP1 is connected to the 
base of a p-n-p transistor TR5. The base of the transis 
tor TR5 is also connected to one end of a resistor R9, 
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the other end of which is connected to an HT conduc 
tor C12 held at a potential of about V1 volts. The 
emitter of the transistor is also connected to the con 
ductor C12. The collector of the transistor TR5 is con 
nected to one end of a resistor R10, the other end of 
which is connected to a grounded conductor C13. The 
collector of the transistor TR5 is also connected to a 
conductor C14 leading to a Y conductor (not shown in 
FIG. 6) of an electroluminescent panel. 
The circuit operates as follows. The transistor TR5 is 

initially in its OFF state. The conductor C11 is initially 
at a small positive potential (about 5 volts) and the 
conductor C14 is initially at ground potential. A con 
trol pulse is supplied by the control logic. This causes 
the potential of the conductor C11 to fall to ground po 
tential. The potential of the base of the transistor TR5 
consequently falls to a potential about 5 volts below 
that of the conductor C12, and the transistor TR5 is 
thereby switched into its ON state. A current path then 
exists between the conductor C12 and the conductor 
C14 through the transistor TR5. This path allows the 
potential of the conductor C14 to rise to about 1 volt 
below that of the conductor C12. At the end of the con 
trol pulse the potential of the conductor C11 rises to its 
initial value. The transistor TR5 is switched into its 
OFF state, and the potential of the conductor C14 falls 
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path then exists between the conductor C15 to the con 
ductor C16 through the transistor TR6. This allows the 
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again. The positive side of the EL region (not shown) 
to which the conductor C14 is connected is discharged 
through the resistor R10. The time constant of the dis 
charge is proportional to the product of the resistance 
of the resistor R10 with the capacitance of the EL re 
gion. The capacitor CAP1 is included in the circuit to 
isolate the base of the transistor TR5 which is always 
within about 5 volts of the potential of the conductor. 
C12 from the control logic; otherwise the control logic 
would be damaged by such a large potential difference. 
For an EL region having a light-emitting area of 

4mm, the transistor TR5 may suitably be a 2N5401 
transistor, the capacitor CAP may suitably be a 0.1 p.F 
capacitor and the resistor R9 and the resistor R10 may 
suitably be a 680) resistor and an 8.2K () resistor re 
spectively. . 
FIG. 7 is a circuit diagram of a simpler circuit (than 

that described with reference to FIG. 5) which can be 
used to apply a negative pulse to an X conductor by the 
second addressing method described above. An input 
conductor C17 leading from control logic (not shown) 
is connected to the base of an n-p-n transistor TR6. The 
base of the transistor TR6 is also connected to one end 
of a resistor R11, the other end of which is connected 
to an HT conductor C15 held at a negative potential of 
about -V2 volts. The emitter of the transistor TR6 is 
also connected to the conductor C15. The collector of 
the transistor TR6 is connected to one end of a resistor 
R12, the other end of which is connected to a conduc 
tor C14 held at a small positive potential (about 5 
volts). The collector of the transistor TR6 is also con 
nected to a conductor C16 leading to an X conductor. 
(not shown in FIG. 7) of the electroluminescent panel. 
The circuit operates as follows. Initially, the transistor 
TR6 is in its OFF state, the conductor C17 is at ground 
potential and the conductor C16 is at the potential of 
the conductor C14. A control pulse is supplied by the 
control logic. This causes the potential of the conduc 
tor C17 to rise to about +5 volts. The potential of the 
base of the transistor TR6 consequently rises, and the 
transistor TR6 is switched into its ON state. A current 
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potential of the conductor C16 to fall to about 1 volt 
above that of the conductor C15. At the end of the con 
trol pulse the potential of the conductor C17 returns to 
ground potential. The transistor TR6 is switched into 
its OFF state, and the potential of the conductor C16 
rises. The negative side of the EL region (not shown) 
to which the conductor C16 is connected is discharged 
through the resistor R12. The time constant of the dis 
charge is proportional to the product of the resistance 
of the resistor R12 with the capacitance of the EL re 
gion. The capacitor CAP2 is included to isolate the . 
base of the transistor TR6 from the control logic. 
For an EL region having a light emitting area of 

4mm, the transistor TR6 may suitably be a 2N5551 
transistor, the capacitor CAP2 may suitably be a 0.1 p.F 
capacitor, and the resistor R11 and the resistor R12 
may suitably be a 680) resistor and an 8.2K) resistor 
respectively. 
A separate circuit for applying a positive potential 

pulse (such as that described with reference to FIG. 4 
or that described with reference to FIG. 6) is normally 
connected to each individual Y conductor of a given 
panel, while a separate circuit for applying a negative 
potential pulse (such as that described with reference 
to FIG. 5 or that described with reference to FIG. 7) is 
normally connected to each individual X conductor of 
that panel. 

In the embodiments of the invention described above 
the duty cycle used in operation is not necessarily de 
termined by the size of the panel. It has been discov 
ered that the brightness obtained from each element is 
a plateau-shaped function (when plotted logarithmi 
cally) of the duty cycle used for a given forming volt 
age. Therefore for the elements of a panel formed at a 
given forming voltage the duty cycle is chosen so that 
the brightness obtained is near the top of the plateau. 
Typically, although not essentially, the duty cycle is 1 
percent or less. . . . . . - 
We claim: - 

1. An electroluminescent device suitable for use with 
the application of unidirectional electric fields com 
prising a piece of electroluminescent phosphor mate 
rial of the kind having a localized region of high resis 
tivity produced by forming, and means for applying 
across at least a part of said region a series of unidirec 
tional voltage pulses, said pulses having pulse heights 
whose average for the series is significantly greater than 
the forming voltage for the piece and pulse lengths 
whose average for the series is a value operative to pro 
vide emission of light having a brightness correspond 
ing to the upper part of the peak of the pulse response 
characteristic for the piece at said average pulse height. 

2. An electroluminescent device as claimed in claim 
1 including at least first, second, third and fourth re 
gions of electroluminescent phosphor material of said 
kind having a localized region of high electrical resistiv 
ity produced by forming, at least first, second, third and 
fourth conductors, said first conductor being attached 
to a first part of said first region and to a first part of 
said second region, said second conductor being at 
tached to a first part of said third region and to a first 
part of said fourth region, said third conductor being 
attached to a second part of said first region and to a 
second part of said third region, and said fourth con 
ductor being attached to a second part of said second 
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region and to a second part of said fourth region, and 
means for applying voltages between at least one pair 
belonging to the pairs consisting of the first conductor 
and the third conductor, the first conductor and the 
fourth conductor, the second conductor and the third 
conductor and the second conductor and the fourth 
conductor, said applied voltages being in the form of a 
series of unidirectional voltage pulses having said aver 
age pulse height for said first, second, third and fourth 
regions of electro-luminescent phosphor material and 
having said average pulse length for said first, second, 
third and fourth regions of electroluminescent material 
at said average pulse height. 

3. An electroluminescent device as claimed in claim 
2 wherein the means for applying voltages is operative 
to cause the voltage pulses applied between said first 
conductor and at least one conductor belonging to the 
pair consisting of said third conductor and said fourth 
conductor to be applied during the time intervals when 
the voltage pulses applied between said second conduc 
tor and at least one conductor belonging to the pair 
consisting of said third conductor and said fourth con 
ductor are removed, and is operative to cause the volt 
age pulses applied between said second conductor and 
at least one conductor belonging to the pair consisting 
of said third conductor and, said fourth conductor to be 
applied during the time intervals when the voltage 
pulses applied between said first conductor and said at 
least one conductor belonging to the pair consisting of 
said third conductor and said fourth conductor are re 
moved. 

4. An electroluminescent device as claimed in claim 
3 wherein the voltage pulses applied by the means for 
applying voltages consist of electrical potential pulses 
of one polarity applied to said first conductor and elec 
trical potential pulses of the opposite polarity contem 
poraneously applied to said at least one conductor be 
longing to the pair consisting of said third conductor 
and said fourth conductor, and consist of electrical po 
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12 
tential pulses of said one polarity applied to said second 
conductor and electrical potential pulses of said oppo 
site polarity contemporaneously applied to said at least 
one conductor belonging to the pair consisting of said 
third conductor and said fourth conductor. 

5. An electroluminescent device according to claim 
4 wherein said means for applying voltages is operative 
to cause each of the electrical potential pulses applied 
to any one of said first, second, third and fourth con 
ductors to be applied only after a period when the mag 
nitude of the electrical potential of that one conductor 
has fallen to a low value compared with the magnitude 
of the last electrical potential pulse in the series applied 
to that one conductor. 

6. An electroluminescent device as claimed in claim 
2, and wherein said regions of electroluminescent phos 
phor material are arranged in rows and columns in a 
matrix formation and are part of an electroluminescent 
panel. 

7. An electroluminescent device as claimed in claim 
4, and wherein said regions of electroluminescent phos 
phor material are arranged in rows and columns in a 
matrix formation and are part of an electroluminescent 
panel. 

8. An electroluminescent device according to claim 
4 wherein the means for applying voltages includes at 
least one switching circuit for switching one of said 
first, second, third and fourth conductors between a 
condition in which the magnitude of the electrical po 
tential of that one conductor is high and a condition in 
which the magnitude of the electrical potential of that 
one conductor is low, the switching circuit incorporat 
ing at least one switching transistor responsive to low 
voltage control signals. 

9. An electroluminescent device as claimed in claim 
1 and wherein said series of unidirectional voltage 
pulses has a duty cycle as hereinbefore defined of at 
most 1 percent. 
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