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@ Cathode ray tube storage device with an electroluminescent display panel.

@ A cathode ray tube storage device has a dispiay panel 26
incorporated in which is a layer of electroluminescent mater-
ial which exhibits hysteresis characteristics. An a.c. voltage
source 28 is connected to apply a bias a.c. field across the
electroluminescent layer, the RMS value of which lies bet-
ween the extinction and threshold values for the material. A
charge pattern representing information to be displayed is
written on the panel 26 by an electron beam 42 from an
electron gun 14 as a result of which corresponding areas of
the electroluminescent material are excited to produce a
light output. The intensity of the light output varies with the
w= intensity of the exciting electron beam 42. The electrolumi-
< nescent layer can be either directly excited by the electron
beam, or by a light output produced by electron beam radia-
tion of an intervening layer of cathodoluminescent material
also incorporated in the panel 26.
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A CATHODE RAY TUBE STORAGE DEVICE

The Iaventlion relates to a cathode ray tube storage
device having a display panel for producing a visible
image corresponding to a charge pattern written on the
pan2l by ar ¢lectror gur within the tube. The invention
relates In per<icular to such a storage device in which
the display panel includes an electroluminescent layer
which, in the »resence of an a.c. field, can be activated
to procduce soilid visglikle image,

The information content required for computer
displays is often large, and accordingly, conventional
cathode ray tubes require a large store as a refresh
buffer, which is costly. For instance, to display 8000
characters of text, a refresh buffer of 5 x 105 bits
capacity is requirec. Taus the use of storage cathode ray
tube devices with inherent internal memory provide an
attractive alternative computer display device.

U S Patent No. 3 796 909 to Chang et al describes a
bistable storage CRT device which utilises an a.c. field-
sensitive electroluminescent.material as the display
medium. In thiz device a charge pattern is written on an
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electroluminescent target layer by a "writin~" ~laoatwon
beam. This charge pattern is maintained cor ztored >3 2
"flood" electron beam via a secondary electron emission
process. An a.c, potential is applied to the electiro-~
luminescent target via a transharen’ clactirofde o ke
face-plate. The a.c. potential produces an a.c., #io1ld in
the electroluminescent target only in the region where
its inner surface is maintained at s fixed collector
potential by the flood electron beam therebr exsi—“nz the
material to electroluminescence in these regions. Thus,
the electroluminescent image is generated corresponding
to & stored charged pattern. Apart from the need ‘or a
flood-gun, a major drawback of this device is tiat rrmach
of the flood beam energy is dissipated from the face-plate
as heat. Moreover, since the device exhibits bistability
only, that is the alectroluminescent screen g ~i“hnar on
or off, the usefulness of the display is limited. Tor
example, in many display applications such as business
graphing matrix displays and text editing displays, it is
desirable to have multilevel intensities (»rightrecs) so
that images of grey scale and intensity modulation can be
displayed.

The present invention provides a cathode ray tube
storage device including a display panel incorporating s
layer of electroluminescent material, means for applying
an alternating voltage of predetermised magrni+uds noross
said electroluminescent material, and an electron gun
operable to selectively write a charge pattern over
selected regions of the display panel. The invention ia
characterised in that the electroluminescent matoarial is
of the type having hysteresis loop characteristics wheraby
two stable states axist for the material at said alternat-
ing voltage of predetermined magnitude, said material
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emittirg lizht wher lu cne of said stable states but
emitting no liggt, or substantially no light, whean in the
other of said states. The stable states are individually
selectable in response to electron beam radiation of pre-
deterrirel Izntensizy frcom gaid electron gun and means are
providec for coptrolling the intensity of the electren
beam radiation during writing of said charge pattarn‘anch
that a visible impge corresponding to the charge pattern
is procduced by said display pvanel. A considerable advan-
tage of the device according to the invention is the
elimination of the flood gun required in the prior art .
device referred 1o ahove,

The invention will now be described by way of example
with referernce to the drawings in which:

Figure 1 shows a2 cathode ray tube storage device
according to the present invention;

Figure 2 shows the construction of one form of display
panel suitable for use in the device shown in Figure 1 and
which includes an electroluminescent layer which is
directly activated by electron beam radiation;

Figure 3 shows the construction of another form of
display panel suitable for use in the device showa im Figure
1 and which includes an electroluminescent layer which is
activated by electron beam induced light emanating from
an insulating cathodoluminescent layer; T

Figure 4 shows the construction of yet amother form
of display panel suitable for use in the device qhowg in
Figure 1 and which includes an electroluminescent layer
which is activated by electron bheam induced light auiiatinz
from & cathodoluminescent layer. | |

#

s



0000613

-4 -

Figure 5 shows a modified construction of the display
panel shown in Figure 4; and

Figure 6 shows a curve of brightness agaiztt spplied
voltage showing a hysteresis characteristic for the
electroluminescent material.

In Figure 1, there is shown a CRT storage dispiay
tube indicated generally as 10 having a display screen
or panel 26 and a high energy electron writing gun shown
generally as 14. The gun is of conventional configuration
having a high energy electron source 16 which acts to emit
high energy electrons through focusing element 18 to the
vertical and horizontal fields created by deflection
plates shown at 20, 22 and 24, As can be seen, plates
20 and 22 act to vertically deflect the high energy
electron beam while plates 24 (only one shown) act to
horizontally deflect the electron beam. Alternatively,
magnetic deflection and magnetic focus can be used. It
should be noted that the f1ood gun required by the prior
art CRT storage device is absent since in this invention
continuous electron beams are not used to generate high
brightness display nor to maintain a stored charge
pattern. '

The display screen or panel 26 differs from that of
the prior art CRT storage device as will be shown later.
An a.c. bias field is maintained across display panel 26
by means of a.c. source 28 via leads 27 and 29, Typically,
the .a.c. source 28 is a sinusoidgl wave generator or an
a.c. pulse generator capable of supplying from 0 volts to
at least 300 volts. In order that the electroluminescent
panel may be operated at optimum efficiency, a switching
arrangement 30 is provided to vary the inductance 25 of
resonant circuit 23 according to the capacitive load of
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woo anenL 07 Lo oo mnnner 30 he described in more detail
later. The awitei 30 is itself controlled by means of a
conventional switching circuit 31 itself controlled from.
the tuh» contwol grid in order to vary the inductance in
ACCCYLIACY L ot cacrglisation of the control grid 16,
“he various alterzstiive construction of display panel 26
will now be described.

RS W

glass face-niate 12 having deposited, or otherwise formed,
thereon a transparent contiguous conductive layer 32 of,
for eramnle. 20, or 13203. A transparent contiguous
layer 34 of 2z icosuizting material such as BaTiOs, SrTi0
élgos, Y203, 313N4 or AlN is formed on the conductive
layer 22. An electroluminescent layer 36 is formed on the

" ~

ireulati=~ Lorer 14, Xlikrough the electroluminescent

The C.77Llay as0n Thovwr in Figure 2 consists of a

3’

layer may ccmprice any of a variety of well known electro-
lumipescent materiais, preferably it is in the form of an
alecir> umiroocent rolyverystalline thin f£4ilm, for example,
Cu or dn cdoped ZaS., alternatively powdered electro-
luminescent materisls may be employed. Examples of
electroluminescent materisls that may be employed and
m§thodc he wrich “hoy mey be made are described by Blazey
et 2l in U S Patent No. 3 313 652. A second insulating
layer 38 is formed contiguous with layer 36 and can be of
the same or different material as insulating layer 34. A
sacond conductive layer A0 is formed on insulating layer
38. This layer may be either a transparent or non-trans-
parent thin film of SnOz, In203, Al, Cu, Ag, Au or other
t3in me+al loyers, Likewise thin layers of copper lodide
»r graphite can be employed,

The display panel shown in Figure 3 is similar to
228t chowvn L2 Tisure 2 except that the second insulating
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layer 38 is replaced by a layer 44 of a material which is
both insulating and cathodoluminescent. Whereas electro-
luminescent materials exhibit electroluminescence in
response to an applied a.c. field, cathodolurinegcen?’
materials exhibit luminescence in response to direct
electron beam or ultra violet radiation. The material
selected generally emits light in the ultra violet and
blue wavelengths of the spectrum in response to electron
beam radiation. One example of such material is AlN,
which is an efficient ultra-~violet light emitter. Many
other wide band gap materials such as metal oxides and
metal tungstates may also be used. The remaining layers
are ldentical to corresponding layers in the panel

shown in Figure 2 and are identified by the same reference
numerals.

The display panel shown in Figure 4 is again similar
to that shown in Figure 2 with the addition of a catho-
luminescent phosphor layer 44 on the second conductive
layer 40, Examples of cathodoluminescent phosphors which
may be used in the present invention include lead doped
barium zinc magnesium silicate, lead doped strontium hexa-
borate, copper doped zinc cadmium sulphide, manganese doped
zinc silicate, silver doped zinc sulphide, zinc doped zinc
oxide and the like. The display panel shown in Figure 5
is similar to that of Figure 4. In this arrangement, the
cathodoluminescent layer 44 and the second conductive
layer 40 are interchanged.

Yhichever form of display panel is used, the a.c.
voltage, vbiaa from the a.c, source 28 is applied across
the electroluminescent layer 36 by means of conductive
layers 32 and 40 which are connected to conductors 29 and
27 respectively. Figure 6 shows a curve of brightness B



0000613

-7 -

agairnet omnlize velt oo ¥ O/040) showing that the electro-

luminescent material exhibltis hysteresis characteristics.

The bias voltage level thereiore selected to lie above

the e nnoiion voltoye, 7 sud below the turn~-on threshold

=

voltaﬁw, “f LT maverial., ¥With this arrangement

the 1ntens;ty ox ligat output from the electroluminescent
material car be selected by radiation with an electron
Benm o Clvppevndlol ol wrooonriate magnitude. Thus,

the applicasion <l ::el<.n~ electrons switches the
material from one stable state B, where the light output
is substontielles zero, to ancther one of a plurality of
ALerBIe 3t tuel . Litaestzd at C, where the light
sutput is relatively higa, By controlling the intensity
0ol the exciting electrons or indeed ultra-violet light,
the < en-walyr nescent ougput can be selected to lie at
any valv:s »e3ner: ¥Ry Lod saturation for the material.,
The thresnold voltaga Vt for electroluminescent materials
is typically 50 V to 300 V (RMS) and the extinction
goltags Y L3 wronlo Ll T % F70 V (RMS) depending on the

:“J R

layer thilcknese o2 3he clectrcluminescent device.

The parnrl shown in Pigure 2 operates directly by
the penetration 4 slictrone, lilustrated by arrow 42,
<0 elecirnluminescens laver 36. Such penetration
activates the storage mechanism. It is thought that the
incermizgz 2lectrons o tre secondary electrons and light
radiation indiused by toe electron beam excite the trapp-
iag stat2s or chargs storage ‘evels in the electro-
luminescent material. The excited charges are polarised
udder the biuausd ield Lo result in an internal field.
The interna2l ield sids the exvsraai field in exciting
the electroluminsscancs. Yita ths panel shown in Figure
3, the elentron bheam (42) penetrates only to insulating

o éﬁb
B8AD ORIGINAL
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cathodoluminescent layer 44 which emits high energy
photons. These high energy photons then activate the
electroluminescent storage mechanism in layer 36.
Similarly, with the panel shown in Figure 4 the electron
beam 42 penetrates only to cathodoluminescent layer 44
whereby said layer 44 is caused to emit high energy
photons which in turn activate the electroluminescept
storage mechanism in layer 38, The interchanged cathodo-
luminescent and conductive layers in the panel shown in
Figure 5 provide a trade-off between low energy electrons
and ease of activating the electroluminescent layer 38.

Generally, the bias voltage is not sufficient to
cause ahy appreciable electroluminescence before electron
excitations. When excited by electrons (and/or photoans
or secondary electrons generated by electrons) it is
thought that the conductivity of the electroluminescent
layer 36 is increased (or viewed as the threshold voltage
is decreased) 80 that more current is flowing through and
more light emission occurs. The higher current flow also
establishes an internal polarisation which aids the a.c.
voltage in phase to generate more electroluminescence.
Thus the device is switched to the higher conducting state
and through the internal polarisation field (switched in
phase with external applied field) the device operates in
& stable memory state.

The a.c. voltage can be supplied by a sinusoidal wave
generator or an a.c¢. pulse generator. Since the electro-
luminescent device is a capacitive load, it is advantageous
&8 previously mentioned to arrange for the device to be
included as part of a resonant circuit 23 (Fig.l) in series
with the voltage driver 28. The inductance 25 of the
circuit can be varied according to the capacitive load of
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paryl 27, .~, provoriional to the area of faceplate which
is tarned oz, Urne metrod of obtalning this type of
res . ant tuning is to monitor the CRT grid voltage. When

the §rid voltage is in an off mode no electrons can be

emi iy ou» of < - TRT ~un 14 thus no faceplate area can

be ¢::lted or tirneu on, Conversely when the grid
voltge is turned on, the electrons are allowed to reach

the 131eplate 12, Thirefore, by monitoring the grid

volt ;> nd Snre Coils ition zignal one can keep track of

g:h faceplate aioa is in the on state thus switch in
the !jper amount of inductance into the resonance circuit.
In t | resonart drive mode power dissipation is minimized.

¥

how

1 order to disp:ny grey scale images or multilevel
inte . ty displays, on: simply modulates the electron
bes . “enzity by modu.ating the control grid voltage as
in ‘8. conventional T.\. CRT. In addition one has the
fre3doL to modulate the wmmplitude and frequency of the

t‘asing ,c. field in acuordance with the video or data
rignal.
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CLAIMS

1. A cathode ray tube storage device including a display
panel (26) incorporating s layer of electroluminescent
naterialk(ae), means (28) for applying an alternating volt-
age of predetermined magnitude across said electrslurinescent
material (36), and an electron gun (14) operable 2o
sslectively write a charge pattern over selected regions of
the display panel (26), characterised in that the electro-
luminescent material (36) is of the type having hyztsresis
loop characteriatics whereby two stable atates exist for

the material at said alternating voltage of predetermined
magnitude, said material (38) emitting light when ir ome of
said satable states but emitting no light, or audbstantially
no light, when in the other of said states, said stadble
states being individually selectable in response %o

electron beam radiation of predetermined intensity fvom saia
slectron gun (14), and means (16) for controlling the
intensity of the electron beam radiation during writiag of
said charge pattern such that a visible image corresponding

to said charge pattern is produced by said display pansi (22).

*w
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2, A caiiode ray tuse storage device as claimed in claim
1, in which said electroluminescent material (36) has a
plurality of different light emitting stable astates at said
alter ol volneirs of yvedatormined magnitude, each state
belng indivicuanlly selsctable in response to electron beam
radiation of predetermined different intensities.

3. A cathode yuy vha gulrage device as claimed in claim
1 or claim 2, in waich gaid stable states are imdividually
selectable by direct radiation of said electroluminescent
material /38) with said electron beam of predetermined
g9lected ntensity.

4. A cathode ray tube storage device as claimed in claim
1, 2 or 7, in which said electroluminescent material (36)
is sandwiched vetween two co-extensive layers of conductive
material (32,40) separated from said electroluminescent
material (36) by intermediate layers of insulating material
(34,38}, =2ic layers of conductive material (32,40), the
lsyers of insulating material (34,38), and the eleetro-
luminescent material (36) together with a tube face plate
(12) forming the display panel (26), the alternating volt-
age of predeterminec magnitude being applied across said
conductive layers (32,40) and at least the layer of
conductive material (40) and layer of insulatiag material
(38) towards said electron gun (14) being 0f a nature to
permit direct electron %e:zy ratiation of said electro-
iuminescent material (38) therethrough by said electron

gun (14).

8, A cathode ray tube storage device as claimed in claim
1 or claim 2, in which said stable states are individually
selectable by light radiation of msaid electroluminescent

material (36 inducel ‘un - ~7izcent intermediate layer of
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cathodoluminescent material (44) in responée 10 direct
radiation of said cathodoluminescent material (44) by said
electron beam of predetermined selected intensity.

6. A cathode ray tube storage device as claimed in claim
S5, in which said display panel comprises a tube face plate
(12), & first layer of conductive material (32) on said

face plate (12), a layer of insulating material (34) on

said first layer of conductive material (32), said electro-
luminescent layer (36) on said layer of insulating material
(34) & layer of insulating cathodoluminescent material (44)
on said electroluminescent material and a second layer of
conductive material (40) on said layer of insulating cathodo-
luminescent material (44) said panel (26) being incorporated
in said device with the second layer of conductive material
(40) facing towards the electron gun (14) and being of a
nature to permit direct electron beam radiation of said
insulating cathodoluminescent material (44) therethrough by
said electron gun (14), and said alternating voltage of pre-
determined magnitude being applied across said firat and
second conductive layers (32,40).

7. A cathode ray tube storage device as claimed in claim
5, in which said display panel comprises a tube face plate
(12), & first layer of conductive material (32) on said face
plate (12), a first layer of insulating material (34) on
said conductive material (32), said layer of elesctro-
luminescent material (36) on said insulating material (34),
a second layer of insulating material (38) on said electro-
luminescent material (38), a second layer of conductive
material (40) on said second layer of insulating material
(38), and a layer of cathodoluminescent material (44) on
said second layer of conductive material (38), said panel
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(26) being incorporated in said device with the cathodo-
luminescent material (44) facing towards the electron gun
(14), the =econd laver of conductive material (40) and
the second lsyer o7 izsulsting material (38) being of a
pature to permit radistion of said electroluminescent
material (36) therethrough by light from said cathodo-
luminescars wraterial (44) produced by direct electron beam
radiation of said cuihodoluminescent material (44) from
said electron gun (14), and said alternating voltage of
pre-determined magnitude being applied across said first
and second ¢orawnztive layvers (32,40).

8. A cathode ray tube storage device as claimed in claim
5, in which said display panel (28) comprises s tube face
plate (12}, a first layer of conductive material (32) on
sald face plate (12), a first layer of insulating material
(34) on said conductive material (32), said layer of electro-
luminescsan” material (368) on said insulating material (34),
& second laver ol insulating material (38) on said electro-
luminescent material (36), a layer of cathodoluminescent
material (44) on said second layer of insulating material
(38), and a second layer of conductive material (40) on
;aid cathodoluminescent material (44), said panel (26) being
incorporated in said device with the second layer of
conductive material (40) facing towards the electron gun
(14), the second layer of conductive material (40) being
of a nature to permit radiation of said cathodoluminescent
material (44) therethrough by electron beam radiation from
said electron gun (14), said second layer of insulating
material (38) being of a nature to permit radiation of said
electroluminescent material (36) therethrough by light from
said cathodoluminescent material (44) produced by said
electron pean radiation, and said alternating voltage of
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predetermined magnitude being applied across ssid first
and second conductive layers (332,40).

9. A cathode ray tube storage cevice n~ ¢l- =9 n on

one of the preceding claims, in which said means {28) for
applying an alternating voltage of predetermined magnitude
forms part of a resonant circuit having o variahls inductive
load (25) and means (30) for selecting the value ci the
inductive load (25) in accordance with the value of thas
capacitive load of the face plate (28).

10. A cathode ray tube storage device as claimsad Zn claim
9, in which said means (30) for selecting the Inductive
load is operated by a switching circuit (31) controllied by
the grid voltage of the electron gun (14).

2y ]
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