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This mventwn relates to a dlsplay device usable instead
of a cathode ray tube and émploying the phenomena of
electro-luminescence under the mﬂuence of a changing
electric field.

Normal cathode ray tube dev1ces have lumted accuracy
in the positioning of the focused light spot formed on
the fluorescent screen of the tube by the impact therewith
of the electron beam. ' Moreover, the deflection sensi-
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ed on the surface of the phosphor layer with a- dlspo-
sition at right angles to those of the transparent conduc-
tors 11 on the underside of the phosphor.  These second
conductors 13 may be .opaque and are conveniently of
similar width and spacmg to those of the undersxde or
first conductors.

An individual connecting lead 14 is provided for each
of the first ‘conductors 11 and a similar individual con-
necting lead 15 is provided for each of the second con-
ductors 13. - These leads may be joined to the conductors

. themselves by use of any suitable one of the already Well
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known methods.

¥ any selected conductor of the first set 11 is now
energised with a voltage V of one polarlty and any se-
lected conductor of the second set 13 is similarly ener-
gised with a voltage V of opposite polarity, then at the -

- intersection” point of the selected conductors electro-
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tivity of the produced light spot varies over the surface_ ’

area of the screen with resultant barrel or pin-cushion dis-
tortion and precise repetition of any: part1cular ‘spot posi-
tion is difficult unless expensrve drift-free” stabilisation
techniques are employed in the associated apparatus. -

The object of the present invention' is to provide a dis-

play device capable of use as ai alternative to a cathode’
ray tube and in which the above limitations of operatlon'

of cathode ray “tube-devices are avoided.

In the device according to the broadest aspect of ‘the
invention a layer of suitable phosphior is’caused to fluo-
resce by the application ‘thereto of a “changing electric
field produced between a selected one of a first set of
electric conductors disposed on oné side of the phosphor
layer and a selected one of a second set of electric’ con-

ductors which are disposed on the opposrte side of such’

phosphor layer. Preferably the respectlve conductors of

the two sets 11e at rlght angles to each other to form a[

m atrlx

In order that the nature of the invention. may be more

readily understood several embodlments thereof will now

be described w1th reference to the accompanymg draw-‘

ings, in which:

Fig. 1 is a fragmentary perspectxve ‘view of one form’
of electro-luminescent device accordmg td the invention,
“Fig. 2 consists of dlagrams (a) and (b). 1llustratmgi

respectively a ‘suitable ‘énergising waveform and the Te-
sultant light output produced thereby. -

‘Figs.-3 and 4 are diagrams of small. parts of the con-
ductor matrix shown to a much enlarged scale, . -

Fig. 5 is an exploded perspective view 1llustrat1ng the

manner of manufacture of an alternatlve embodment of'

the invention. -

" Fig. 6'is a schemiatic dlagram showmg one dxsplay de—

V1ce arrangement according to the invention.

‘In the constructional form: of: display device for use.‘
_in -the invention illustrated in- Fig. 1; a glass plate 10

first has deposited thereon a suitable number for instance
1,000, of parallel and, ‘preferably,: transparent’ first elec-

tric conductors 11. -These>conductors aré convemently"
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luminescence of the phosphor layer 12 is produced.  This .
can be viewed through the glass plate 16. By arranging
for the sequential selective energlsatlon of the -different
conductors of the two sets so a graphlcal or other ﬁgure
can be displayed.

‘As electro-luminescence is- a function of a changing
electric field it is normally necessary to employ a fluctu-
ating energlsmg potential on each conductor and this is
conveniently in the form of a voltage square wave. The
resultant hght output for a square wave energ1s1ng input
as shown in Fig. 2(a) is indicated approximately in Fig. .
2(b) 'and with many useful phosphors the “time con-
stant” of the 11ght output decay is of the -order of 10
microseconds. ‘In consequence of this, - the mtegrated
light-output increases substantially lmearly with increase
of frequency of the applied - voltage square wave until
the period time of such wave is of the same order as the
decay time. A 50 ke./s. square wave has been found to
be a- reasonable frequency for the apphed energising
square wave voltage.:

The. integrated light output from such- a device varies

“ with- the voltage ‘applied and over a limited Tange can

be expressed by the simple law L=aV® where
L is the integrated- llght output :

" @ is-a-constant,
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Vis the voltage applied and’
n is a factor of the order of 8.

In practice, with an example constructed as’ descnbed
above, a change of applied voltage between intersecting
first and second conductors 11 and 13 from a first value
of 150 v. to a second value of 300 v. caused an integrated
light output change of the ratio of 1:300. -

‘A" device of the .character described may read1ly be-
adapted to provide a graphical display, such as that of a

" curve or complex line figure, by suitably energising each
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in the form of very thin gold: “film ‘bars0.001 inch- wide

and. are equally spaced :50 to-the inch. " The deposition

of these gold film conductors can'be by any already ‘well -

known" deposition- technique. Upon ‘this surface of the
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plate and on top ‘of the condiictors 11 is then' depos1ted_ B

a thin uniform Iayer 12 of electro-lummescent phosphor
The phosphor material employed may ‘be any of those
already well ‘known - in: ‘connection wtjh' electro-fltores-
cence phenomena

of oneset of conductors, -for instance, the set of con-
ductors 11 in a regular cyclic manner whilst controllmg
the selective connection of the conductors of the other
set 13 to the energising voltage source by means respon-
sive to the variable factor which is to be displayed.
Thus, one set of conductors such as those which are dis-
posed to lie vertically on a display panel may be ener-
gised in turn through: a suitable time-coritrolléd seledtor
switch while the' opposite set -of ‘horizontal conductors.
may bé connected to their energising source: by way of a .
relay tree, the form of operation of which is continu-
ously controlled by bmary input signals representing the
variable value which is to be displayed to the time scale
set by the aforesaid selector switch.

Such an arrangement is particularly . suitable for ob-

. tammg ‘photographic records by means of a suitable light

Thereafter, a number of. further or! 0

second conductors 13, for mstance 1 000 are then depos, =

senisitive plate -disposed. adjacent the dlsplay ‘element or
subjected to- the hght therefrom ‘through 4 smtable Iens'
system, i
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One difficulty which arises, however, with any arrange-
ment, such as photographic recording, where integrafion
of the total light output from any one electro-luminescent
point is effected, is demonstrated as follows. If, as would
ustially be the case, all of the conductors whlch are un-
used at any given instant are earthed, then along each of
the selected conductors there is ‘a voltage difference. V
at each of the intersections of that conductor with the
umused and earthed opposing conductors as well as the
desired voltage difference 2V at the intersection of the
two selected conductors where electro-luminescence is
desu‘ed This is 111ustrated in Fig. 3 where the various
intersection points a “between the selected conductor 13%
of the set of conductors 13 and the unused and earthed
conductors of the set of conductors 11 prov1de a voltage
difference V. and the similar intersection points b be-
tween the selected conductor 11X ‘and the unused and
earthed conductors 13 also prowde a voltage difference
V. Point ¢ at the intersection of conductors 11* and
13% provides the requlred operative voltage difference 2V
while at the, remaining intersection points d of the earthed
conductors of each set there is, of course, zero voltage
dlﬁerence

Consider now an extreme case where each of 1,000
conductors 11 are energised in turn to provide, for ex-
ample, a horizontal time scale, and. where the variable
quantity to be displayed is constant at the level of one

conductor 13% for. the whole time period of the hori--

zontal scale except for one instant when, say, at the time
instant corresponding to energ1sat10n of conductor 11X,
the quantity value alters to require energisation of con-
ductor 139, This should produce a record having no
luminescent image at point ¢ and an image at point ¢l
Owing, however, to the otherwise continuous ener-
gisation of conductor 13x the phosphor. at intersection
pomt ¢ will have been subjected to the voltage difference

V (ie. that with an earthed unused comductor) 999

times whereas the wanted display point ¢! will have
been: subjected to the voltage difference 2V- only once.
Under the above noted law governing integrated light
output, the integrated light output from point c! will be
300, units -whereas, that from point ¢ will be 999 units.
In consequence the required. display point ¢t will be
obscured by the unwanted display point.c.

In order to overcome this difficulty and in accordance
with another feature of the invention, arrangements are
provided for supplying to each of the conductors.of each
set which are unused at any time a “bias” voltage.

1 4

3

and having a polarity opposite to that with which the
same set of conductors is energised to produce. display.

Thus, and as shown in Fig. 4, taking the same conditions.

as already described with relation to Fig. 3, the inter-
section point such as ¢ of two energlsed conductors 11
and 13 still produces an energising voltage difference 2V
whereas the phosphor is subjected to all of the other.un-
selected intersection points a, b and-d. to a voltage: dif-
ference .

2y

3
Applying the above quoted law, the difference in- in-
tegrated light output between a point such- as ¢ and points
such as a, b or.d now becomes proportional to

€

—55—,=16,500

In consequence, in the extreme case previously discussed .

the ratio of the Tespective integrated light outputs. of
pl;amts ¢! and c is of the order of 6,500 to 999 or, greater
than. 6:1.

discrimination.

This is amply sufficient to- prov1de adequate
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It will be understood that the a.foresald
Vv
+§“—§

bias voltages are each one-third amplitude versions of
the fluctuating, e.g. square wave, voltages used on the
selected conductors. Although a square wave voltage
is preferable, a sine waveform may be used and is more
conveniently obtainable.

By suitable selection of exposure and development
techniques in photographic recording, it is possible to
increase the contrast of the wanted to unwanted spot po-
sitions and the-exposure threshold of the photographlc
material employed may readily be exploited.

Fig. 6 illustrates, in schematic diagram form, one ar-
rangement for operating with the above descrxbed
“biased” system .of the unused conductors. For sim-
plicity the matrix is shown with only five first conductors,
11 and four second conductors 13 but it will be under-
stood that many more conductors may be used in each
set with appropriate modlﬁcatxon of. the assoc1ated
switching means.

Each of the first conductors 11 is connected by way of
leads 14 to individnal contacts of two multi-point selector
sw1tches 20, 21. The rotors 22, 23 of these switches are
ganged together for operation in unison by means 24
which may be a time-controlled or synchronous motor.
The rotor 23 of switch 21 is arranged to make connection
with only one of the sw1tch contacts at any one time
whereas the rotor 22 of switch 20 is arrangerl to brldge
all of the switch contacts except that which is joined in
parallel with the particular contact of: switch 21 engaged
by rotor 23 at the particular switch position in use.

Each of the second. condnctors. 13 is likewise connected
by way of leads 15 to, individual contacts of two further
multi-point switches 25, 26. ‘The rotors 27, 28 of these.
switches. are also. ganged for operation in unison by:
s1gnal-controlled means. 29. whereby the switches 25, 26
may be set in any one, of the, various alternative posi-
tions under the control of an. input. signal on lead 30.
The. rotor. 28. of, switch 26. is. arranged to make connec-
tion. with only one of’ ‘the. switch. contacts at any. one time,
whereas the rotor 27 of switch 26 is arranged to brldge‘
all of the switch contacts except that which is joined in
parallel with the, pa:tlcular contact. of switch 26 engaged:
by rotor 27 at the. partxcular switch. position in use.

‘A source of alternating potential 30, e.g. a square or.
sine. wave, generator.operating at.a frequency of the order
of 50.kc./s. and providing an- alternating. potential out-.
put which is balanced with respect to earth, has. its Tespec-
tive output leads, 31, 32 connected to- opposite ends of a
potentlorneter network of re51stors 33, 34, 35 and 36.
Lead 31 is also connected to the rotor 23 of switch 21
while lead 32 1s also. connected to the rotor 28 of switch
26. Resistors 33 and 36 are of twice the ohmic value of
resistors 34 and 35 whlle the junction point of such. resis-
tors 34, 35 is connected to earth. Leads 37, 38 connected
respectively to - the. junction..points between resistors 33
and 34 and ‘between. resistors 35 and-36 carry a- poten-
tial 2V/3 which is.one thlrd that of 2V carried on leads
31 and 32. Lead 37 is connected to rotor 27 of switch:
25 whereas lead 38 is connected to. rotor 22 of switch 20,

By appropriate operation of-the selector switch means
constituted by the switch pairs.20; 21 and 25, 26 any de-
sired.one of the first-conductors;11:and of the second: con-
ductors 13 may be connected respectively across the: full:
potential 2V of the source 30-while each of the remaining.
and unselected. conductors 11.and 13 are. connected: re-
spect1ve1y to.the, one-thlrd value. potential point of polar-
ity oppos:te that with which the related:-selected: conductor:
11 or.13.is supphed

‘While the selector switch. means: have. been shown  as.
of. s1mp1e mechamcal SWJtCh form, it will be. understood.
that any sultable electromc or. other high-speed.- sw1tchmg§
means may be employed in lien.
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In the construction of devices as déscribed above cer-:

tain problems arise and the first of these is the making.
of the individual connections 14 and 15 to each: of the-

energising. conductors 11 and 13.. This may be effected:
by use of combination of. printed: circuit :methods with.
evaporation techniques. A second problem is the ob-
taining of a uniform phosphor thickness since variations
of such thickness introduce major differences. in the ap-
plied electric field. Methods such as spraying, spinning

or dragging a casting knife across the surface have so-

far been found to provide the best sohition.
In an alternative construction of display device accord-

ing to the invention each of the two sets of conductors are:
opaque and only the light available around the edges

of one of the sets of conductors is available for display
purposes. In spite of this :disadvantage, the increased
facility for construction is in many circumstances more
advantageous. One construction of this: nature is illus-
trated in Fig. 5 and comprises a pair of rectangular frames
20, 21, e.g. of metal. . One surface 22 of each frame is
ground flat. Each frame is then provided with a series of
accurately spaced wires 23, 24 conveniently located and
held in a series of notches along edges of the frames.
The two frames with their attached wires are then brought
together with their ground surfaces 22 facing each other
and spaced apart at an accurately determined distance by
means of inserted metal shim plates 25. A glass plate
26 to support the finished structure is then placed adjd-
cent to. the underside of the bottom set of wires 23 and
phosphor material (not shown).is persuaded to encompass
the matrix of parallel wires by spraying, dipping or the
like. With this method the .conductors are accurately
spaced and the difficulty of providing connecting wires to
the various conductors of the matrix is avoided. ' At
least the upper or outer set of wires are preferably very
thin, conveniently of the order of 0.003 inch diameter
which has been found sufficient to produce reasonable
fluorescence at the wire edges and still allow visibility of
the electro-luminescence produced. With such a device
the photographic recording material may be laid directly
adjacent the surface of the phosphor with consequent de-
crease of the exposure time necessary.

We claim:

1. An electro-luminescent display device comprising a
phosphor layer, a first set of electric conductors disposed
on one side of said layer, a second set of electric con-
ductors disposed on the opposite side of said layer in
non-parallel relationship to said first set conductors

whereby each second set conductor crosses ‘a plurality -

of said first set conductors, a source of varying electric
cperating potential, a source of varying electric biasing po-
tential having at all times a predetermined and constant
fractional value which is between one half and one quar-
ter of that of said source of operating potential, said
sources of potential each having first and second termi-
nals, said first terminals being of like polarity at any
instant and said second terminals being -also of like
polarity at any instant but of opposite polarity to said
first terminals and selector switching means including
equally conductive bi-directional connections for con-
necting the first terminal of said operating potential
source to one cf said first set conductors and the second
terminal of said operating potential source to one of said
second set conductors and simultaneously connecting the
second terminal of said biasing potential source to each
of said first set conductors which is not connected to
said operating potential source and for connecting said
first terminal of said biasing potential source to each of
said second set conductors which is not connected to
said operating potential source.

2. An electro-luminescent display device comprising a
phosphor layer, a first set of parallel linear electric con-
ductors disposed on one side of said layer, a second set
of parallel linear electric conductors disposed on the
opposite side of said layer at right angles to said first
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set conductors whereby edch second set ¢onductor crosses
each of said first set conductors, a source of alternating.
electric operating potential, a source .of alternating ‘elec-
tric. biasing potential having at all times-a value which
is -one third that of said source of operating potential,
said sources of potential each having first terminals
which ‘‘are. of like polarity. at any instant and second
terminals. which are of like polarity at any instant and.
selector switching means . including equally conductive
bi-directional connections for connecting the first terminal-
of said operating potential source to any chosen one:of
said first set conductors -and the second terminal of said
operating potential source to any chosen’ one of said
second set conductors and simultaneously connecting the
second terminal of said biasing potential source to each
of said first set conductors which is not connected, to
said- operating - potential source and for connecting said:
first terminal of said biasing potential source to each of
said ' second set conductors ‘which is not connected to
said operating potential source. - . - L .

3. An electro-luminescent display device comprising a
planar layer of electro-luminescent phosphor material,
a plurality of parallel first electric conductors disposed
on and in contact with one side of said phosphor layer,
a plurality of parallel second electric conductors disposed
on the opposite side of and in contact with said phosphor
layer, .said second conductors -being disposed at right
angles to said. first conductors; a source of varying elec-
tric operating potential having first and' second terminals
of respective polarities which are opposite to each other
at any-given instant,”a source of varying electric biasing
potential -having first and second -terminals which are
respectively of opposite polarity to each other at any
instant and of the same polarity as said first and second
terminals of said operating potential source at any in-
stant, said source of biasing potential being at all times
one third the value of said operating potential and selector
switch means including equally conductive bi-directional
connections for connecting said first and second terminals
respectively of said operating. potential source to a
selected one of said first conductors and to a selected
one of said second conductors and for simultaneously
connecting all of the remaining first conductors to said
second terminal of said biasing potential source and for
connecting all of the remaining second conductors to said
first terminal of said biasing potential source.

4. An electro-luminescent display device according to
claim 3 in which the varying potential applied between
said first and second conductors is of alternating char-
acter with an alternation frequency of the order of
50 ke./s.

5. An electro-luminescent display device according to
claim 4 .in which the varying potential applied between
said first and second conductors has a square waveform.

6. An electro-luminescent display device comprising a
planar layer of electro-luminescent phosphor material,
a plurality of linear and parallel first electric conductors
disposed on and in contact with one side of said phosphor
layer, .a plurality of linear and parallel second electric
conductors disposed on the opposite side of and in con-
tact with said phosphor layer, said second conductors
being disposed at right angles to said first conductors, a
source of alternating electric operating potential having
first and second terminals of respective polarities which
are opposite to each other at any given instant, a source
of alternating electric biasing potential having first and
second terminals which are respectively of opposite
polarity to each other at any instant and of the same
polarity as said first and second terminals of said oper-
ating potential source at any instant, the voltage of said
biasing potential being at all times one third the voltage
of said operating potential and selector switch means
including equally conductive - bi-directional connections
for connecting said first and second terminals respectively
of said operating potential source to a selected one of
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said first.conductors and to a selected one of said second.

conductors: and: for simultaneously connecting all of: the
remaining first conductors to-said second terminal of said
biasing potential source and: for connecting all of the
remaining second conductors to: said first terminal of
said biasing potential source:

7. An electro-luminescent display device according:to

claim. 6 in which said’ first and second conductors: are
each in. the form of thin metal wires embedded within.

a-body of phosphor- material forming said phosphor
layer. ‘ :

"8. An electro-luminescent display. device according to:

claim 6 in which said selector switch means include a
first cyclically. operable : switch: for: connecting each of
said first conductors in- turn to. said operating potential
source’ and a second -signal-controlled switch. for con-
necting any chosen one of said second conductors to said
operating potential source in dependence upon the
nature of a control signal applied to said second switch.

9. An electro-luminescent. display device according to
claim 8§ in which said first cyclically operable switch
comprises time-controlled switch operating means.

10. An electro-luminescent display device according to
claim 8 in which said second signal-controlled switch
comprises. a relay tree. :

11. An electro-luminescent display device comprising a
planar layer of electro-luminescent -phosphor material, a
plurality of. linear and parallel first electric conductors
disposed. on and in contact with one side of said phos-
phor layer, a plurality of parallel second electric con-
ductors disposed on the opposite side of and in contact
with said phosphorlayer, said second conductors being

ot
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transparent and: disposed: at-right angles: to- said first
conductors, a- source of alternating -electric operating:
potential having first and second terminals of respective
polarities which' are opposite to each other at any given-
instant, a source of. alternating electric biasing poten-
tial: having first and second: termisals which are respec-
tively. of opposite polarity to each other at any instant:
and of the same polarity as said first and second terminals:
of ‘said operating’ potential source at any -instant, the
voltage of said biasing potential being at all times one
third the voltage of said operating potential and selector
switch means including equally conductive bi-directional
connections for connecting said first and second. terminals’
respectively of said operating potential source to a
selected one of said first conductors and a'selected one
of said second conductors and for simultaneously con-
necting all of the remaining first conductors to said second
terminal of said biasing potential source and for.con-
necting all of the remaining second conductors to-said
first terminal of said biasing potential source.
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