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(57) To reduce contrast degradation dueto
back scattered electronsin a CRT, e.g. aflat
tube, having a channel plate electron
multiplier spaced from the fluorescent
screen, with ascanned (e.g.
electrostatically) beam impacting the input
face, a coating (50) of a material with low
back scatter coefficient and
microscopically rough is applied to the
input face of the first dynode (DI) between
the apertures or to an electrode attachedin
front of the first dynode and connected
thereto. The acceptance angle of the front
of the multiplier may be limited to prevent
back scattered electrons from re-entering
another aperture and sticking parts coated
with secondary emissive material.
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SPECIFICATION
Cathoderaytube

The presentinvention relates to a cathode ray tube,
and particularly, but not exclusively, toa display tube
having a channel plate electron multiplier and elec-
trostatic beam scanning atthe inputside of the
electron multiplier.

British Patent Specification 2101396A (PHB 32794)
discloses such a display tube. Display tubes having
channel plate electron multipliers are particularly
susceptible to contrast degradation due to electrons
being scattered from the input surface of the electron
multiplier and entering channels ata point distant
from their point of origin. In the case of electrostatical-
ly scanned display tubes, particularly flat display
tubes, itis not possible to produce a positively biased
field atthe input side of the electron multiplier to
draw-off back-scattered electrons because this would
conflict with the field conditions necessary to achieve
proper scanning of the incident electron beam, these
field conditions being created by deflection electrodes
held atthe same potential or a more negative potential
than the multiplierinput.

itis an object of the present invention to reduce the
contrastdegradation due to back-scattered electrons
in cathode ray tubes having a channel plate electron
multiplier and especially those having electrostatic
beam scanning.

According to the present invention there is provided
acathode ray tube comprising an envelope having an
optically transparent faceplate, and withinthe en-
velope, means for producing an eiectron beam, a
channel plate electron muitiplier mounted adjacentto,
but spaced from, the faceplate, scanning means for
scanning the electron beam across an input side of the
electron multiplier, and a layer having a low back-
scatter coefficient covering the area of the input side of
the electron multiplier between the channels.

From a practical point of view it is desirable thatthe
layer also has a low secondary emission coefficient to
reduce the number of stray secondary electrons which
can cause a further reduction in contrast.

In the present invention by alow back-scatter
coefficient is meant by coefficient whichisless than
that of a smooth carbon layer and by a low secondary
emission coefficientis meant a value less than 2.0 for
electrons in the energy range 300 to 500eV.

In an embodiment of the presentinvention the
scanning means comprises a carrier member spaced
from and arranged substantially parallel to the input
side of the electron multiplier, the carrier member
having thereon a plurality of adjacent, substantially
parallel electrodes which in response to voltages
applied thereto deflect the electron beam froma path
between the carrier member and the input side ofthe
electron multiplier, towards said input side. The
electron multiplier itself may comprise a laminated
stack of discrete dynodes.

It has been found desirable that either the surface
onto which the layer is applied or the layer itselfis
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microscopically rough. This reduces significantly the
number of back-scattered electrons produced.

The layer of low back-scatter material may be
applied to the input (or first) dynode of the electron
multiplier or alternatively to an apertured electrode
which is mounted on the input dynode.

The low back-scatter material may comprise black
chromium, black nickel, black copper, optionally
coated with a conductive layer, such as carbon, which
has a low secondary emission and/or low back-seatter
coefficient, or anodised aluminium onto which an
electrically conductive coating is applied.

Back-scatter from the input of the electron multiplier
can be reduced further by limiting the acceptance
angle of the electron muitiplier. Thisis possible
particularly in aflat display tube in which an addres-
sing electron beam impinges on the input dynode at
fairly well defined angles whereas back-scattered
electrons arrive atrandom angles.

The acceptance angle may be limited in a number of
ways. Ifis it desired to physically restrict the accept-
ance angle then this can be done by mounting inclined
vanes on the input dynode or mounting one or more
apertured electrodes on the input dynode, the or each
electrode being offset relative to the input dynode
and/or each other so thatthe aperturesinthe
elecrode(s) form correspondingly inclined passages
to their associated channels in the electron multiplier.
The apertures in the or each electrode may be slanted.

Another way oflimiting the acceptance angleisto
reduce the number of secondary electrons produced
by back-scattered electrons by applying secondary
emitting material to corresponding restricted portions
ofthe peripheries of the convergent apertures inthe
input dynode. In this way, the addressing electron
beam strikes the secondary emitting material and
produces many secondary electrons whereas back-
scattered electrons which will approach the input
dynode at other angles will strike the untreated areas
of the hole peripheries and will produce significantly
fewer secondary electrons.

The present invention will now be described, by way
of example, with reference to the accompanying
drawings, wherein:

Figure 1is a cross section through aflat display tube
which includes a channel plate electron muitiplier,

Figure 2 is a diagrammatic cross-sectional view
through alaminated plate electron multiplier having a
material with a low back-scatter coefficientappliedto
the input dynode,

Figures 3A and 3B are diagrammatic cross-sectional
views of two alternative rough surfaces,

Figures 4 and 5 are diagrammatic cross-sectional
views through the first two dynodes of an electron
multiplier showing two different ways of mounting
layers of material with alow back-scatter coefficient,

Figures 6 to 9 are diagrammatic cross-sectional
views of part of an electron multiplier and illustrate
different ways of limiting the acceptance angle of the
electron multiplier, and

Figures 10A to 10D illustrate the various stages in
making an electrode with slanted apertures.

The drawings originally filed were informal and the print here reproduced is taken
from a later filed formal copy.



GB 2143078 A 2

10

15

20

25

30

35

40

45

55

60

65

Inthe drawings corresponding reference numerals
have been used to indicate the same parts.

Theflatdisplay tube 10 shown in Figure 1is ofthe
typedescribed and claimed in British Patent Specifica-
tion 2101396A (PHB 32794). A brief description ofthe
display tube and its operation will now be given but
for afuller description reference shouid be made to
Specification 2101396A, details of which are incorpo-
rated by way of reference.

The flat display tube 10 comprises an envelope 12
including an optically transparent, planarfaceplate 14.
Onthe inside of the faceplate 14 is a phosphor screen
16 with an electrically conductive backing electrode 18
thereon.

For convenience of description, the interior of the
envelope 12is divided in a plane parallel to the
faceplate 14 by an internal partition or divider 20 to
form a front portion 22 and a rear portion 24. The
divider 20, which comprises an insulator such as glass
extends for substantially a major part of the height of
the envelope 12. A planar electrode 26 is providedon a
rear side of the divider 20. The electrode 26 extends
overthe exposed edge ofthe divider 20 and continues
for a short distance down its front side. Another
electrode 28is provided on the inside surface of a rear
wall ofthe envelope 12.

Means 30 for producing an upwardly directed
electron beam 32 is provided in the rear portion 24
adjacent a lower edge of the envelope 12. The means
30 may be an electron gun. An upwardly directed
electrostatic line deflector 34 is spaced by ashort
distance from the final anode of the electron beam
producing means 30 and is arranged substantially
coaxially thereof. If desired the line deflector 34 may
be electromagnetic.

Atthe upper end of the interior of the envelope 12
there is provided a reversing lens 36 comprising an
inverted trough-like electrode 38 which is spaced
above and disposed symmetrically with respectto the
upper edge of the divider 20. By maintaining a
potential difference between the electrodes 26 and 38
the electron beam 32 is reversed in direction whilst
continuing along the same angular path from the line
deflector 34.

On the front side of the divider 20 there are provided
aplurality of laterally elongate, vertically space
electrodes of which the uppermost electrode 40 may
be narrower and acts as a correction electrode. The
otherelecrodes 42 are selectively energised to pro-
vide frame deflection of the electron beam 32 onto the
input surface of a laminated dynode electron multi-
plier 44. The laminated dynode electron multiplier 44
and its operation will be described in greater detail
later with reference to Figure 2. The electrons leaving
the final dynode are accelerated towards the screen 16
by an accelerating field being maintained between the
output of the electron multiplier 44 and the electrode
18.

inthe operation of the display tube the following
typical voltages are applied reference being made to
OV, the cathode potential of the electron gun 30. The
electrodes 26, 28in the rear portion 24 of the envelope
12 are at400V to define a field free space inwhich line
deflection takes place with potential changes of about
+30V applied to the line deflectors 34. The trough-like
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electrode 38 of the reversing lensis at OV compared to
the 400V of the extension ofthe electrode 26 aver the
top edge of the divider 20. The input surface of the
electron multiplier 44 is at 400V whilst at the begin-
ning of each frame scan the electrodes 42 are at OV but
are sequentially brought up to 400V so that the
electron beam 32 in the front portion 22 is initially
deflected into the topmost apertures of the electron
multiplier 44. As subsequent ones of the electrodes 42
are brought up to 400V to form a field free space with
the electron muitiplier 44, the electron beam 32 is
deflected towards the electron multiplier 44 in the
vicinity of the next electrode 42 in the group to be at
OV. Itisto be noted that the landing angles 6 of the
electron beam 32 are fairly constant over the input
side ofthe electron multiplier, these angles being
typically between 30° and 40°in the illustrated
embodiment. Assuming a potential difference 0f3.0
kV across the electron multiplier 44 and allowing for
the 400V at the input side of the muitiplier, then the
potential at the output side is equal to 3.4kV. The
electrode 18 is typically at a potential of 11 kVtoform
an accelerating field between the output side of the
electron multiplier 44 and the screen 16.

Because the frame deflection electrodes 42 are the
same voltage or less with reference to the input
surface of the electron multiplier 44 then any back-
scattered electrons 46 produced by scattering ofthe
inputelectrons, particularly in brightareas of an
image being reproduced, are caused to eniter channels
of the electron multiplier 44 at other points which
leads to a degradation of contrast. Back-scattered
electrons are those electrons having energies greater
than50eV.

Two approaches to overcome this degradation of
contrast will be described with reference to Figures 2
to 10. In summary these approaches are to reduce
back-scattered electrons by (1) covering the input
surface, apart from the channel openings with a
material having a fow back-scatter coefficient, and (2)
limiting the acceptance angle of the electron muliplier.
Approaches (1) and (2) can be used eitherindepen-
dently or together.

Referring to Figure 2, the laminated dynode electron
multiplier 44 and its operation is describedin a
number of published patent specifications of which
British Patent Specifications 1401969 (PHB 32212),
1434053 (PHB 32324) and 2023332B (PHB 32626) are
but afew examples. Accordingly only a brief descrip-
tion of the electron muitiplier 44 will be given.

The electron multiplier 44 comprises a stack of n
spaced apart, apertured dynodes, referenced D1 to
Dn, held at progressively higher voltages, the poten-
tial difference between adjacent dynodes being ina
typical range of 200 to 500V. The apertures in the
dynodes are aligned to form channels. The dynodes
are made from etched mild steel plates. Dynodes D2 to
D(n-1} have re-entrant apertures and these are formed
by etching convergent apertures in the mild steel
plates and assembling them in pairs with the smaller
cross-sectional openings facing outwards. The first
and lastdynode D1 and Dn, respectively comprise
single mild steel sheets. As mild steel is notagood
secondary emitter, a secondary emitting material 48,
such as magnesium oxide, is deposited inthe
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apertures of the first dynode D1 and the lower half of
each dynode D210 D(n-1) as shown in Figure 2.
Primary electrons A striking the wall of an aperturein
thefirstdynode D1 produce a number of secondary
electrons, each of which on impacting with the wall of
an aligned aperture in the second dynode D2 produce
more secondary electrons {(not shown), and so on. The
stream of electrons leaving the final dynode Dn, which
acts as afocusing electrode, are accelerated to the
screen {not shown in Figure 2).

Primary electrons striking the area of the first
dynode D1 between the apertures may give rise to
back-scattered electrons which enter apertures re-
mote from their point of origin causing the contrast of
the image viewed on the screen (notshown) to be
degraded. In order to reduce the occurrence of
back-scatter electrons, particularly high energy ones,
a layer 50 of a material having a low back-scatter
coefficientis applied to thefirst dynode D1 inthe area
between the apertures in the first dynode D1.

In orderto be effective it has been found that the
surface onto which the layer 50 is applied and/or the
material itself should be microscopically rough as
shown in Figures 3A and 3B. The roughness should be
such that the distance w between adjacent peaks
should be less than the distance, d, from the peaks to
the intervening trough. Electrons entering the cavities
undergo several reflections, each time losing energy.
Thus even if they escape from the cavity they will not
travel far thus not seriously degrading the contrast of
areproduced image.

Various materials have been found to be suitable for
the layer 50, some of these materials produce their
roughness by having a nodular surface, Figure 3A, and
others of these materials produce their roughness by
forming pits in an otherwise flat surface, Figure 3B.

Materials preducing a nodular surface which has
been found to reduce back-scattering are black
chromium piated on electroless nickel-coated steel,
black copper plated on electroless nickel-coated steel
and carbon coated black copper plated on electroless
nickel-coated steel. Two materials producing a pitted
type of surface are acid treated, electroless nickel and
anodised, aluminium plated steel which has been
carbon coated to provide a conductive surface to
prevent charging. Taking both performance and ease
of processing points of view into consideration the
best of the above materialsis carbon coated black
copper. Another factorin providing a carbon coating is
that it reduces the secondary emission as well as the
back-scattering from the roughened surfaces.

Instead of applying the material 50 to the first
dynode D1, the material 50 can be applied to a carrier
electrode 52 which is electrically and physically
connected, for example by spot welding, to the first
dynodeD1.

In Figure 4 the carrier electrode 52 conveniently
comprises a half dynode to which the material 50is
applied priorto it being connected to the firstdynode
D1.Asshown re-entrant apertures are formed by the
combination of the carrier electrode 52 and the first
dynode D1.

The arrangementshown in Figure 5 differs from that
shown in Figure 4 in that the apertures in the carrier
electrode 52 are substantially straight-sided rather
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than divergent and the cross-sectional size of these
apertures corresponds to the openings in the adjoin-
ing surface of the first dynode D1. Conveniently the
straight-sided apertures can be made by over-etching
the aperturesin a half dynode to be used as the carrier
electrode.

Figures 6to 9 show various embodiments in which
the approach angle of electrons in the addressing
beam islimited. In Figure 1 the angle 8 is substantially
constant and is in the range 30° to 40°. Thus by limiting
the approach angle (90°- 8) to between 50° and 60°
then electrons having different approach angles will
not enterthe electron multiplier 44 and in so doing this
will eliminate the majority of the back-scattered
electrons. Optionally the outermost surfaces in Fi-
gures 6to 9 may be covered by a layer 50 of material
having alow back-scatter coefficient, this is indicated
inbroken lines.

Referring more particularly to Figure 6, the means
for limiting the approach angle comprises two aper-
tured electrodes 54, 56 electrically and physically
connected to the first dynode D1. The size and pitch of
the apertures in the electrodes 54, 56 correspond to
that of the first dynode butthe electrode 54 is offset by
a predetermined amount x; relative to the first dynode
D1 and the electrode 56 is offset in the same direction
relative to the electrode 54 and the dynode D1 by an
overall amount x, so thattogether they define inclined
paths or channels to the first dynode D1. By way of
example for an electron multiplier 44 in which the
thickness of each of the electrodes 54, 56 and the first
dynode D1is 0.15mm, the piich of the aperturesis
0.772mm, x;1 = 0.17mm and x, = 0.225mm. If desired
the apertures inthe electrodes may be elongateina
direction normai to the plane of the drawing. In
operation the primary electrons denoted by the arrow
Astrike the secondary emitting material 48 of the first
dynode D1 and produce secondary electrons which
are drawn through to the second dynode D2. Howev-
er, electrons such as those denoted by the arrow B
strike the electrodes 54 and produce a small number of
secondaries because of the low secondary emission
coefficient of mild steel. Although this small number
of secondaries may undergo electron multiplication
their contribution to the brightness of theimage is
small.

The embodiment shown in Figure 7 is a variant of
thatshown in Figure 6in that an additional electrode
62 is disposed with zero offset between the first
dynode D1 and the electrode 54. Because the aper-
tures in the electrode 62 are downwardly divergent, as
shown in Figure 7, then together with the apertures in
the firstdynode D1 they form re-entrant apertures.

Inthe embodiment shown in Figure 8 the inclined
paths to the first dynode D1 are formed by metal vanes
58 forming a Venetian blind type of structure over the
multiplierinput. Ifthe height h of each vane 58is
greater than the distance, p, between themthen the
vanes may either be formed individually and bonded
onto the inputdynode D1 by for example glass
enamel 60, or be preformed from single sheets of
rnetal, several of which are mounted, each offset from
the other by an appropriate integral multiple of the
distance p. Alternatively if the height, h, is less than, or
equal to, the distance pthen the vanes 58 can be
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pressed out of a single sheet of metal. In operation

electrons having trajectories indicated by thearrow A

will undergo electron multiplication butthose having

other trajectories, for example as denoted by the
5 arrows BandC, strike the vanes 58 and any
back-scattered electrons follow trajectories where
they are unlikely to enter channels of the electron
multiplier 44.

Figures 9A and 9B illustrate another approach to
limiting the acceptance angle of the current multiplier.
inthis embodiment, secondary emitting material 48 is
applied to a restricted area of each aperture in the first
dynode D1. In use electrons arriving in the direction
denoted by the arrow A strike the secondary emitting
material 48 and produce a large number of secondary
electrons which are drawn through to the second
dynode D2. However stray or back-scattered electrons
arriving in the direction B strike the portion ofthe
periphery of an aperture which has alow secondary
emission coefficient thus producing very few secon-
dary electrons compared to the situation ifthe
secondary emitting material was there.

Figures 10A to 19D show the steps in making an
electrode 64 having slanted apertures 66. The material
ofthe electrode 64 comprises a sheet 68 of mild steel
having a thickness at least equal to that of a half
dynode. Offset photoresist patterns 70, 72 are applied
to opposite sides of the sheet 68. Double sided etching
is commenced as shown in Figure 10B. In due course
the holes formed in each side break through, see
Figure 10C. Etching is continued until the slanting
holes 66 are formed, thereafter etching is stopped and
the photoresist patterns 70, 72 are removed to leave
the electrode 64 as shown in Figure 10D.

In use the electrode 64 is electrically and physically
connected to the first dynode D1 and optionally alayer
50 of material having a low back-scatter coefficientis
applied.

CLAIMS

40 1. Acathoderaytube comprising an envelope
having an optically transparent faceplate, and within
the envelope means for producing an electron beam, a
channel plate electron multiplier mounted adjacentto,
but spaced from, the faceplate, scanning means for
scanning the electron beam across an input side of the
electron multiplier, and a layer having a iow back-
scatter coefficient covering the area of the input side of
the electron multiplier between the channels.

2. Acathoderaytubeasclaimedinclaim1,
whereinthe layer has alow secondary emission
coefficient (as defined herein).

3. Acathoderaytube asclaimedinclaim1or2,
wherein the scanning means comprises a carrier
member spaced from and arranged substantially
parallel to the input side of the electron multiplier, the
carrier member having thereon a plurality of adjacent,
substantially parallel electrodes which in response to
voltages applied thereto deflect the electron beam
from a path between the carrier member and the input
side ofthe electron multiplier, towards said input side.

4. Acathoderaytube asclaimedinclaim1,2o0r3,
wherein the electron multiplier comprises a laminated
stack of discrete dynodes.

5. Acathoderaytube asclaimedinclaim4,

65 whereinthe layer having a low back-scatter coefficient
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is applied to an input dynode of the electron multiplier.

6. Acathoderaytube asclaimedinclaim4,
wherein the layer having a low back-scatter coefficient
is applied to an apertured electrode which is mounted
on an input dynode of the electron multiplier.

7. Acathoderaytube asclaimedinclaim5or6,
wherein the surface onto which said layeris applied or
the layer itselfis microscopically rough.

8. Acathoderaytube asclaimedinclaim7,
wherein the layer comprises black chromium.

9. Acathoderaytube asclaimedinclaim7,
wherein the layer comprises black nickel.

10. Acathoderaytubeasclaimedinclaim7,
wherein the layer comprises black copper.

11. Acathoderaytubeasclaimedinclaim8,9or
10, wherein an electrically conductive coating having
alow secondary emission and/or back-scatter coeffi-
cientis applied to the black metal layer.

12. Acathoderaytubeasclaimedinclaim7,
wherein the layer comprises anodised aluminium
onto which an electrically conductive coating is
applied.

13. Acathoderaytube as claimed in any one of
claims4to 12, when appended to claim 3, further
comprising means atthe input side of the electron
multiplier for limiting the acceptance angle of the
electron multiplier.

14. Acathode raytube asclaimedinclaim 13,
wherein the acceptance angle limiting means com-
prises tilted vanes mounted on the input dynode.

15. Acathoderaytube asclaimedinclaim 13,
wherein the acceptance angle limiting means com-
prises at leasttwo superimposed apertured electrodes
mounted on the input dynode, the apertures in said
electrodes being at substantially the same pitch as the
apertures in the dynodes, the electrodes being offset
relative to each other and the input dynode to form
inclined passages for the incident electrons.

16. Acathoderaytubeasclaimedinclaim13,
wherein the acceptance angle limiting means com-
prises an apertured electrode mounted on the input
dynode, the apertures in the electrode being slanted.

17. Acathoderaytubeasclaimedinclaim 13,
wherein secondary emitting material is applied to
corresponding restricted portions of the peripheries of
the convergent apertures in the input dynode.

18. Acathoderaytube asclaimedinclaim1,
constructed and arranged to operate substantially as
hereinbefore described with reference to and as
shown in Figures 1 to 5 of the accompanying
drawings.

19. Acathoderaytube asclaimedinclaim 18,
modified substantially as hereinbefore described with
reference to and as shown in any one of Figures 6 to 10
of the accompanying drawings.
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