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This invention relates to cathode ray tubes of the kind 
incorporating, within a sealed evacuated envelope, an elec 
tron gun for generating a beam of electrons which is 
arranged to be directed towards a target screen, and 
including, or designed to be associated with, means for 
deflecting the beam to different regions of the screen in 
operation of the tube. 
The invention is particularly concerned with cathode 

ray tubes of this kind in which the electrons of the beam 
are arranged to be deflected whilst travelling at a rela 
tively low velocity and are accelerated towards the screen 
subsequent to their passage past the deflecting means, such 
tubes having the advantage of increased deflection sensi 
tivity compared with tubes in which the electrons attain 
their final velocity before reaching the deflecting means. 
The accelerating means in such post-deflection acceler 

ator tubes, as they are generally referred to, has hitherto 
usually consisted of at least one conducting band formed 
on the inner surface of the cathode ray tube envelope 
between the region of deflection of the electron beam and 
the target screen and arranged to be maintained at a suit 
ably high potential with respect to the final accelerating 
electrode of the electron gun so that the electric field or 
fields formed between the deflecting means and the target 
screen produce the required acceleration of the electrons 
towards the screen. 

However, such tubes suffer from the disadvantage that 
the accelerating fields which are obtained act in a manner 
analogous to that of thick lenses in an optical system and 
as a result the electron trajectories at appreciable angles 
of deflection are not straight lines but are bent back 
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towards the tube axis. In many cases this causes a con 
siderable deflection loss which offsets the gain in deflec 
tion sensitivity resulting from the post-deflection accelera 
tion of the electrons to a marked extent; additional dis 
tortion of the electron trajectories might also be intro 
duced by non-uniformity of the accelerating fields, par 
ticularly when the electron beam is deflected towards the 
edges of the screen. As a result the deflection of the elec 
tron beam at the screen does not correspond to the forces 
exerted on the beam by the deflecting means, and in the 
case of cathode ray tubes of the kind in which the target: 
screen incorporates one or more layers of cathodolumi 
nescent material arranged to be excited to luminescence 
by the beam this can result in a marked distortion of 
the luminous image produced on the screen. 

In order to reduce or avoid these disadvantages in 
cathode ray tubes of the kind in which the target screen 
is electrically conductive, for example in the form of one 
or more layers of cathodoluminescent material coated 
with or formed on a conductive film, it has been proposed 
to place a conducting mesh electrode in the path of the 
electron beam in the vicinity of the screen and substan 
tially parallel to it, and to maintain the mesh electrode 
at approximately the same potential as the final acceler 
ating electrode of the electron gun, and the target screen 
at a high positive potential with respect to the mesh elec 
trode in use of the tube. 

In operation of such a tube a substantially field free 
drift space exists between the deflecting means and the 
mesh electrode, the electrode trajectories in this space then 
approximating to straight lines and deflection loss being 
thereby substantially eliminated, the electrons being ac 
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celerated towards the target screen after passing the mesh 
electrode by the electric field formed between the elec 
trode and the Screen. 

However, such a form of post-deflector accelerator 
tube has not hitherto come into widespread use owing to 
the emission of secondary electrons from the mesh elec 
trode when struck by the electron beam; in general the 
majority of these secondary electrons are also accelerated 
towards the target screen by the electric field existing 
between the mesh electrode and the screen but, owing to 
the difference between their initial velocity and the ve 
locity of the primary electrons entering the accelerating 
field, they usually strike the screen in a different position 
from the primary electrons. 

In the case of cathode ray tubes having luminescent 
Screens this can result in a blurring of the images pro 
duced on the Screen or, in extreme cases, in the formation 
of double images. 

In addition stray electric fields often occur near the 
edges of the mesh electrode giving rise to distortion of 

- the image at large angles of deflection of the electron 
beam. 
The object of the present invention is to provide a post 

deflection accelerator cathode ray tube of the mesh elec 
trode kind in which these disadvantages are largely 
avoided. 
According to the invention in a cathode ray tube of 

the kind referred to designed to operate with post-deflec 
tion acceleration of the electron beam and incorporating 
an electrically-conducting target screen with a single elec 
trically conducting mesh electrode extending across the 
path of the electron beam in the vicinity of and substan 
tially parallel to the target screen, the surface of the mesh 
electrode remote from the screen is coated with a layer 
of dielectric material whose secondary electron emission 
properties are such that the layer is charged positively 
with respect to the mesh electrode in normal use of the 
tube, and the tube includes an open-ended hollow con 
ducting shield member located on the side of the mesh 
electrode remote from the screen and through which the 
electron beam is arranged to pass subsequent to its passage 
past the deflecting means, the shield member being of 
appreciable axial length and being disposed with one end 
adjacent to but insulated from the mesh electrode, and 
the mesh electrode extending radially outwards beyond 
the adjacent end of the shield member around the whole 
of its periphery. 
The statement that the hollow conducting shield elec 

trode is open-ended means that it is open to the passage 
of the electron beam towards the mesh electrode, and in 
particular is not closed at either end by a grid extending 
across the electron path between the deflecting means an 
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potential with respect to the shield member. 
tially field free space then exists between the deflecting 60 

the mesh electrode. 
In use of the cathode ray tube the shield member is ar 

ranged to be maintained at the same potential as the final 
accelerating electrode of the electron gun, the mesh elec 
trode at a slightly negative potential with respect to the 
shield member, and the target screen at a high positive 

A substan 

means and the mesh electrode, so that the tube operates 
without any significant degree of deflection loss as occurs 
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in the known post-deflection accelerator tubes of the con 
ducting band kind previously referred to, those electrons 
which pass through the meshes of the electrode being 
accelerated towards the screen by the electric field exist 
ing between the electrode and the screen as previously 
explained. 

However, some of the electrons are incident on the di 
electric layer coating the surface of the mesh electrode 
and, owing to the good secondary electron emission prop 
erties of the material forming this layer which causes the 
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layer to be charged positively with respect to the mesh 
electrode itself in use of the tube, electric fields are 
formed within the meshes of the electrode in such a sense 
as to prevent the secondary electrons emitted by the layer 
penetrating the electrode and being accelerated towards 
the screen. 

In order for the dielectric layer to be charged positively 
in use of the tube the material of the layer should have a 
Secondary electron emission coefficient which is greater 
than unity at an electrical potential equal to that of the 
final accelerating electrode of the electron gun. Silica, 
alumina and magnesia have been found to be suitable ma 
terials and these can conveniently be deposited on the 
mesh electrode by an evaporation technique. The poten 
tial at which the mesh electrode itself is maintained must 
not, of course, be such as to reduce to any significant ex 
tent the velocity of the primary electrons passing through 
the meshes of the electrode. 
The mesh electrode can conveniently consist of a fine 

metallic Wire mesh carried by an annular frame, and we 
have found that a mesh formed of wires 0.08 mm. thick, 
with a spacing of 0.1 mm. between the wires is satisfac 
tory for use in tubes employing a luminescent target screen 
120 mm. in diameter. Meshes formed of wires having a 
different diameter and/or spacing can, of course alterna 
tively be used. 

In general it might be preferable for the meshes them 
Selves to extend beyond the shield member, although 
where the mesh electrode incorporates an annular frame 
as aforesaid and the frame is formed of conducting ma 
terial; the frame itself can provide the extending part of 
the electrode. 
The conducting shield member and the extension of 

the mesh electrode beyond the shield member effectively 
provide a screen for protecting the path of the electron 
beam against stray electric fields which might otherwise 
lead to distortion of the beam particularly at large angles 
of deflection. 
The amount of screening produced will in general de 

pend upon the length of the shield member, the close 
neSS of the Spacing between the mesh electrode and the 
adjacent end of the member, and the amount by which 
the mesh electrode extends beyond the member, and by 
suitably constructing and arranging the mesh electrode 
and shield member the effect of stray electric fields on the 
electron beam can in most cases be substantially 
eliminated. 

In general the screening effect of the extending part of 
the mesh electrode can be enhanced by providing the rim 
of the electrode with an axially directed flange which 
extends away from the screen and surrounds the gap 
formed between the electrode and the adjacent end of the 
shield member. 
The end of the shield member further from the mesh 

electrode preferably extends into contact with the wall 
of the envelope. In general it will be convenient for the 
shield member to be in the form of a hollow cylinder or 
a hollow frustrum of a cone, and where the cathode ray 
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tube envelope includes a frusto-conical bulb portion hous 
ing the shield member and the mesh electrode, the shield 
member can readily be formed of such a length and, in 
the case of a frusto-conical shield member, of such an 
angle that the end of the member remote from the mesh 
electrode makes contact with the inner surface of the 
bulb portion. 

However, the shield member can have any other con 
venient construction and may for example be of rela 
tively shorter axial length with the end further from the 
mesh electrode provided with a radially directed flange 
extending outwards towards the wall of the cathode ray 
tube envelope. 

Preferably the inner surface of the cathode ray tube 
envelope is coated from the final accelerating electrode of 
the electron gun to at least the adjacent end of the shield 
member with a conducting layer, for example of graphite 
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4. 
or silver, the layer preferably being in electrical contact 
with the final accelerating electrode of the electron gun 
and the shield member for maintaining the latter at the 
same potential as the accelerating electrode in use of the 
tube. This conducting layer is conveniently connected 
to the conducting layer constituting or forming part of the 
target screen with a resistive coating on the inner surface 
of the cathode ray tube envelope, for example of chromic 
oxide, for tapering the potential gradient which would 
otherwise exist between the two conducting layers in use 
of the tube. 
The cathode ray tube may be designed for either elec 

trostatic or electromagnetic deflection of the electron 
beam, and the deflecting means employed can have any 
suitable known construction. 
The target may consist of one or more layers of 

cathodoluminescent phosphor material coated with or 
formed on a conducting layer. 
By controlling the potential of the conducting layer in 

such a tube the electron energy and hence the depth of 
penetration of the electrons into the phosphor material 
can be varied. Where the screen includes two or more 
layers of phosphor material arranged to emit light of 
different colours when excited by the electron beam, the 
colour of luminescence of the screen can then be varied 
by the application of appropriate voltage to the conduct 
ing layer so as to cause the electrons to penetrate to dif 
ferent ones of the phosphor layers. Such an arrange 
ment is particularly applicable to colour television, the 
screen then conveniently comprising three superposed 
phosphor layers arranged to emit say red, blue and green 
light, or light of other suitable colours, when excited to 
luminescence, and the tube being arranged to be associ 
ated with colour selecting means designed to apply dif 
ferent Woltage signals to the conducting layer for causing 
the electrons to penetrate to each of the phosphor layers 
in an appropriate sequence. 
Such an arrangement has the advantage over previously 

proposed cathode ray tubes incorporating two or more 
phosphor layers and a post-deflector accelerator system as 
previously described, in which one or more conducting 
layers on the tube wall between the deflector means and 
the screen are maintained at a high potential for accelerat 
ing the electrons towards the screen in that variations in 
the accelerating potential of a tube in accordance with the 
invention do not tend to alter the position in which the 
electron beam strikes the screen, therefore avoiding the 
necessity for applying a compensating modulation to the 
deflecting system. 
The two phosphor layers on the side of the screen from 

which the luminous image produced on the screen is 
arranged to be viewed must, of course, be suitably light 
transparent, as must the conducting layer if this is inter 
posed between any one of the phosphor layers and the 
viewing side of the screen. 

If desired, transparent layers of electron energy ab 
Sorbing materials may be interposed between the phos 
phor layers to facilitate the selection of the different 
colours, without any significant degree of light emission 
from adjoining phosphor layers. 

One cathode ray tube constructed in accordance with 
the invention will now be described by way of example 
with reference to the accompanying schematic drawing 
which represents a side view of the tube shown partly 
in section along the tube axis. 
The cathode ray tube comprises a glass envelope 1 

consisting of a frusto-conical bulb portion 2, closed at its 
Wider end by a substantially flat end wall 3, and continued 
at its narrower end by a cylindrical neck portion 4 hous 
ing an electron gun S which is arranged to direct a beam 
of electrons towards a luminescent screen incorporating 
a coating 6 of cathodoluminescent phosphor material on 
the inner surface of the end wall 3. The electron gun 5 
can have any convenient construction and has only been 
represented diagrammatically in the drawing. 
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Electrostatic deflecting electrodes 7, which can also 

be of any convenient construction and which again have 
only been shown diagrammatically, are located near the 
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junction of the neck and bulb portions of the tube for 
directing the electron beam to different regions of the 
screen, in dependence upon applied deflecting voltages. 
The luminescent screen also includes a thin electron 

permeable aluminum film 8, extending in known manner 
over the surface of the phosphor layer 6, and for a short 
distance along the inner surface of the bulb portion 2, 
as shown. A metal button contact 9, extending hermeti 
cally through the envelope wall, and over the inner end 
of which the aluminium film extends, provides a terminal 
for enabling the film to be maintained at a high positive 
potential with respect to the tube cathode in operation 
of the tube. 
The bulb portion 2, and the adjacent part of the neck 

portion 4, are coated internally with a conducting layer 
10, for example of graphite or silver, the layer terminat 
ing a short distance from the edge of the aluminium film 
8. The final accelerating electrode 11 of the electron 
gun 5 carries a spring contact 12 which bears against 
the conducting layer, as shown, so as to maintain the 
layer at the same potential as the electrode 1 in use of 
the tube. A resistive coating 13 of chromic oxide con 
nects the aluminium film 8 and the conducting layer 10. 
A fine metallic wire mesh electrode 4, circular in 

shape and of slightly smaller diameter than the screen 
6, lies parallel to the screen at a short distance from it, 
the periphery of the electrode being provided by a cylin 
drical metal frame 15 which acts as a support for the 
wires, the wires being attached to one end of the frame 
and the frame being disposed coaxially within the bulb 
portion 2, with its opposite end directed towards the 
electron gun 5. The mesh part of the electrode is coated 
on the surface facing the electron gun with a film 6 
of dielectric material having a secondary emission char 
acteristic greater than unity at an electrical potential 
equal to that of the final accelerating electrode 11 of the 
electron gun 5 in normal operation of the tube, for ex 
ample silica, alumina or magnesia, the film conveniently 
being deposited on the electrode by an evaporation tech 
nique as previously explained. 
A further contact 17, also sealed into the side of the 

bulb portion 2, is connected to the ring 15 and pro 
vides a terminal by which an operating voltage can be 
applied to the electrode 14. 
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A cylindrical metal shield 18, of slightly smaller di 
ameter than the frame but of greater axial length, is also 
mounted coaxially within the bulb portion 2 of the cath 
ode ray tube envelope 1, with the end nearer the screen 
6 located within the frame 15 and closely spaced from 
the wires of the mesh, and shield being held in posi 
tion within the envelope by means of outwardly-protect 
ing metal support members 19 sealed into the envelope 
wall and electrically connected to the conducting layer 
10. The frame 15 carrying the mesh electrode 4 is 
conveniently mounted on the shield 8 by means of a 
number of insulating support members 20 extending be 
tween the shield and the frame at spaced points around 
the circumference of the shield. 
The diameter of the wires forming the mesh is ap 

proximately 0.08 millimetre, the spacing between the 
centres of adjacent wires being 0.18 millimetre, and the 
distance of the mesh from the screen being approxi 
mately 20 millimetres. 

In use of the cathode ray tube the mesh electrode 
14 is arranged to be maintained at a slightly negative 
potential with respect to the layer 10, and hence the 
shield 18, whilst the aluminium film is maintained at a 
much higher potential than the layer 10. In practice 
we have found that with the aluminium film 8 maintained 
at a potential of 10 kV. positive with respect to the cath 
ode, and the shield 18 and final accelerating electrode 
11 maintained at a potential of 1 kV. positive with re 
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6 
spect to the cathode, a satisfactory potential for the 
mesh electrode 14 is 50 volts negative with respect to 
the shield 18. The electrons which pass through the 
meshes of the electrode 14 in use of the tube are ac 
celerated towards the screen 6 in the uniform electric 
field existing between the electrode and the aluminium 
film 3. Not all the electrons will, however pass through 

- the meshes of the electrode, an appreciable proportion 
striking the dielectric film 16. This results in the emis 
sion of secondary electrons from the film causing it to 
be charged positively until sufficient of the secondary 
electrons are recollected to reduce the effective secondary 
electron emission coefficient to unity, the dielectric film 
thereafter being maintained at a positive potential with 
respect to the electrode itself and approximately at the 
potential of the layer 0. 

Under these conditions secondary electrons emitted by 
the film 16 are prevented from passing through the 
meshes of the electrode owing to the presence of the 
electric fields within the meshes produced by the differ 
ence in potential between the surface of the film and the 
surface of the electrode, so that undesired bombardment 
of the screen by secondary electrons is substantially 
avoided. 
The mesh electrode 14, together with the shield 18, en 

sure that the electrons travel on a substantially free field 
space between the deflecting plates 7 and the mesh elec 
trode, thereby preventing any significant degree of deflec 
tion loss; in addition the effect of stray electric fields on 
the electron beam at appreciable angles of deflection, 
which could lead to distortion of the luminous image pro 
duced on the screen, is substantially prevented by the 
shield 18 and the surrounding part of the frame 15. 

In a modification of the tube described, the metal 
shield 18 if of frusto-conical shape with its wider end 
directed towards the electrode 14, the shield being held 
in position by support members 19 projecting outwards 
from the opposite end and sealed into the envelope wall 
as is the case with the shield of the tube illustrated. 

In a further modification of the tube described, de 
signed for colour television reception, the phosphor layer 
is replaced by three superposed transparent phosphor 
layers arranged to emit red, blue and green light when 
excited by the electron beam. In use of the tube voltage 
colour signals from a colour synchroniser circuit are ap 
plied to the aluminium film, the values of the colour sig 
nals being such as to cause the electron beam to penetrate 
to each of the layers in an appropriate sequence. 
Where the electron beam is required to be deflected 

electromagnetically the electrostatic deflecting electrodes 
in the arrangement illustrated or in the modification there 
of can, of course, be replaced by electromagnetic deflect 
ing coils of any convenient construction. 

claim: 
1. A post-deflection accelerator cathode ray tube in 

corporating an electrically-conducting target screen with 
a single electrically conducting mesh electrode extending 
across the path of the electron beam in the vicinity of 
and substantially parallel to the target screen, wherein 
the surface of the mesh electrode remote from the screen 
is coated with a layer of dielectric material having high 
secondary electron emission properties for causing the 
layer to be charged positively with respect to the mesh 
electrode in normal use of the tube, and the tube in 
cludes an open-ended hollow conducting shield member 
located on the side of the mesh electrode remote from 
the screen and through which the electron beam is ar 
ranged to pass subsequent to its passage past the deflect 
ing means, the shield member being of appreciable axial 
length and being disposed with one end adjacent to but 
insulated from the mesh electrode, and the mesh electrode 
extending radially outwards beyond the adjacent end of 
the shield member around the whole of its periphery. 

2. A cathode ray tube according to claim 1 wherein 
the dielectric layer on the mesh electrode consists of 



7 
one member of the group consisting of silica, alumina 
and magnesia. 

3. A cathode ray tube according to claim 1 wherein 
the target screen consists of at least one layer of cathodo 
luminescent phosphor material together with a conduct 
ing layer. 

4. A cathode ray tube according to claim 1 wherein the 
target screen consists of a plurality of superposed layers 
of cathodoluminescent material together with a conduct 
ing layer. 

5. A cathode ray tube according to claim 1 wherein 
the rim of the mesh electrode has an axially directed 
flange which extends away from the screen and surrounds 
the gap formed between the electrode and the adjacent 
end of the shield member. 

6. A cathode ray tube according to claim 5 wherein 
the mesh electrode comprises a metallic wire mesh car 
ried by an annular metal frame and which frame incorpo 
rates said axially directed flange surrounding the gap 
between the annular metal frame and which frame incor 
porates said axially directed flange surrounding the gap 
between the electrode and the adjacent end of the shield 
member. 

7. A cathode ray tube according to claim 1 wherein 
the end of the shield member further from the mesh elec 
trode extends into contact with the wall of the envelope. 

8. A cathode ray tube according to claim 7 wherein 
the cathode ray tube envelope includes a frusto-conical 
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bulb portion housing the shield member and the mesh 
electrode, and the shield member is in the form of a 
hollow cylinder with the end remote from the mesh elec 
trode in contact with the inner surface of the bulb portion. 

9. A cathode ray tube according to claim 1 wherein 
the inner surface of the cathode ray tube envelope is 
coated from the final accelerating electrode of the elec 
tron gun to at least the adjacent end of the shield mem 
ber with a conducting layer, which layer is in electrical 
contact with the final accelerating electrode of the elec 
tron gun and the shield member for maintaining the lat 
ter at the same potential as the accelerating electrode in 
use of the tube. 

10. A cathode ray tube according to claim 9 wherein 
the conducting layer is connected to a further conducting 
layer, which forms part of the target screen, by an an 
nular resistive coating on the inner surface of the cathode 
ray tube envelope. 
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