
EP0271 165B1 Description The present invention relates to a projection
television system comprising projection television display tubes having
curbed faceplates, one or more of the tubes having, on the inside surfaces
of their respective 5 faceplates, an interference filter. Existing
projection television systems are regarded as having a moderate brightness
on the projection screen; a poor chromaticity due to the commonly used Tb
activated green phosphors because the contribution of the orange and red
spectral lines is too large for these phosphors; a loss in resolution on
the projection screen due to chromatic aberration of the lenses, especially
for the commonly used green (Tb- 10  activated) and blue (ZnS Ag)
phosphors; and a moderate contrast. In order to mitigate these problems it
has been proposed for example in European Patent Publication 0170320 (PHN
11.106) to provide interference filters between the phosphor layer and the
glass faceplate. These interference filters transmit light of a desired
wavelength in forward and near forward directions. At larger angles, up to
90 degrees to the faceplate normal, the interference filter reflects the
light of this 16  wavelength. This light is rescattered in the phosphor
layer and does have a chance to leave the tube at a small angle to the
faceplate normal, resulting in a gain in brightness in the near forward
directions. At smaller wavelengths the filters transmit light up to larger
angles, so that the relative gain in brightness in the forward direction
becomes lower. At longer wavelengths the filter transmits the light up to
smaller angles, or even blocks the light in forward direction. As the
filter works colour selectively, the chromaticity improves 20  and the
chromatic aberration due to projection lenses reduces. At large focal
length lenses, that Is those where the focal length is greater than the
diagonal of the scanned phosphor area on the faceplate, for example 130 mm
for a 5" (125 mm) diagonal scanned area and 180 mm for a 7" (175mm)
diagonal scanned area, the entrance pupil of the lens is relatively far
away from the phosphor layer, and therefore the acceptance angles of the
lens are relatively small, even in the 25  corner of the faceplate.
However, if one uses a closed rear projector, there is a trend to use
smaller focal length lenses (down to half of the diagonal of the tube
faceplate), in order to keep the cabinet size acceptable. The entrance
pupil of these lenses is closer to the faceplate, which results in an
increase of the lens acceptance angles for light from the comers of the
faceplate. Using the same type interference filter as has been used
previously with the larger focal length lenses results in: 30    a) An
unacceptable drop in brightness going from the centre to the corner of the
projection screen, because the interference filter reflects the light of
the desired wavelength at these large angles. This drop in brightness comes
on top of the normal drop in brightness due to the obliquity of the
principal ray with respect to the faceplate normal and due to vignetting by
the lens elements. b) A colour shift over the projection screen, because
the filters work colour selectively. A shift to the 36    shorter
wavelengths (blue) will occur on the screen, going from the centre to the
corners. One way of mitigating these problems is to use an interference
filter which transmits light up to larger angles. However, the gain in
brightness is then much smaller, and a colour shift will still occur. It
has been disclosed In Japanese Patent Application JP-A-61-273837 to use a
projection TV tube with an interference filter and a curved faceplate. In
this way the angles to the faceplate normal tilt over to match the lens 40
acceptance angles. The smallest radius of faceplate curvature to be
practical is expected to be about 2.5 to 3 times the diagonal of the
scanned phosphor area on the faceplate. At smaller radii problems occur
with dynamic focusing of the electron beam, filter deposition, phosphor
deposition and corrections in the deflection of the electron beam due to
picture distortion. This means that with the small focal length lenses (<
0.75 times the diagonal of the scanned phosphor area on the faceplate),
which enable systems to be 45  built into the desired small cabinet sizes,
the problems due to the too large acceptance angles of the lens still
occur. An examination of the gains in luminance and chromaticity achieved
by using short focal length lenses with display tubes having curved
faceplates on which are deposited interference filters having dielectric
layers with substantially constant thickness over the faceplate area shows
that the gains at the centre for so  filters having relatively low cut-off
angles is greater than for filters having relatively high cut-off angles
whereas the situation was substantially the opposite at the comers.
Although there is invariably a lower light output from the comers of the
screen compared to the centre it is desired to reduce the differential
between them. According to one aspect of the present invention there is
provided a projection television display tube 55  comprising an envelope
having an optically transparent faceplate, the internal surface of the
faceplate being convex as viewed from the interior of the envelope, a
cathodoluminescent screen on the internal surface of the faceplate and a
multilayer interference filter between its cathodoluminescent screen and
the faceplate, 



the filter comprising at least 6 layers each having at its centre an
optical thickness nxd, wherein n is the 2    EP 0271 165 B1 refractive
index of the material of the layer and d is the thickness, the optical
thickness of the individual layers being between [err]  the average optical
thickness throughout the multilayer stack being [err] wherein [err] is
equal to p x [err] where X is the desired central wavelength which is
selected from the spectrum emitted by the luminescent material and p is a
number between 1.18 and 1.32, characterized in 6  that the cut-off angle is
greater at the comers than at the contra. According to another aspect of
the present invention there is provided a projection television system
including three projection television display tubes respectively having
cathodoluminescent screens luminescing in different colours, focusing lens
means associated with each display tube and a viewing screen on which the
images on the display tube screens are merged to form a multicoloured
image, 10  wherein each tube has a faceplate which is convex as viewed from
inside the envelope, at least one display tube has a multilayer
interference filter between its cathodoluminescent screen and its
faceplate, the filter comprising at least 6 layers each having at its
centre an optical thickness nxd, wherein n is the refractive index of the
material of the layer and d is the thickness, the optical thickness of the
individual layers of the filter being between 0.2kf and [err] the average
optical thickness throughout the multilayer stack being 15  [err] wherein
[err] is equal to p x X, where X is the desired central wavelength which is
selected from the spectrum emitted by the luminescent material and p is a
number between 1.18 and 1.32, and wherein the cut-off angle is greater at
the comers than at the centre. A convenient way to vary the cut-off angle
is to vary the thickness of the filter layers so that they are thicker at
the corners than at the centre. 20     The thickness variation may be
substantially the same for successive layers yielding a proportional
variation of p and [err] The variation in thickness and thus of p and [err]
may increase progressively from the centre to the corners. In one
embodiment of the invention the internal surface of the faceplate is
substantially spherical. In another embodiment of the invention, the
internal surface of the faceplate is aspherical such that the 26  curvature
at and near the centre is greater than or less than the curvature at a
larger distance from the centre. It is possible that the curvature may
disappear (that is become infinite) at some parts of the faceplate. When
the convex faceplate has a rectangular profile, with a shorter y-axis and a
longer x-axis, then a smaller layer thickness at the ends of the y-axis (y
max) than at the centre may be tolerated as long as the 30  layer
thicknesses at the ends of the x-axis (x max) and in the diagonal comers
are greater than at the centre. In another embodiment the variation in the
thickness of the layers, relative to their thickness at the contra, is such
that the thickness at the ends of the shorter y-axis (y max) is smaller
than at the centre and the thickness at the ends of the longer x-axis (x
max) and at the ends of the diagonals is greater than at the 35  centre,
and wherein the layer thickness at the ends of the diagonals is less than
the thickness at x max. Another way of varying the cut-off angle would be
to vary slightly the refractive index of each layer between the centre and
the comers of the faceplate and maintaining the actual thickness of the
layer constant. The net result would be that the optical thickness of the
layer changes in accordance with the change in refractive index. In
practice however it will be much more difficult to realize a refractive
index 40  variation in a layer than to vary its layer thickness. A further
way of varying the cut-off angle would be to alter both the actual
thickness of each layer between the centre and the edge and also to vary
slightly the refractive index between the centre and the corners. Both
measures together would produce a desired change in the optical thickness.
This latter method is more realistic than the previous method of only
varying the refractive index. Oblique evaporation 45  in a planetary type
of evaporation apparatus may for instance result in a slight variation in
refractive index over the faceplate area. Embodiments of the present
invention have interference filters with at least 6 layers. This however
gives only a marginal gain which can be improved by having a greater number
of layers. A filter having 9 layers has a performance which is
significantly better than a filter with 6 layers and an even better
performance is 50  obtainable by interference filters having more than 13
layers, for example between 14 and 30 layers. According to a further aspect
of the present invention there is provided a method of producing a 



multilayer interference filter on a convex surface of a substantially
rectangular faceplate, the thickness of each layer being greater at x max
and in the comers than at the centre, comprising mounting the faceplate on
a rotatable calotte, evaporating a filter material at angles smaller than
15 [err] to the perpendicular to the 55  convex surface onto the faceplate,
the calotte being rotated, and varying the deposition of evaporated
material onto the faceplate by selective masking so that the layer
thickness increases with increasing x, with x = 0 at the centre of the
faceplate. 3    EP 0 271 165 B1 The variation in thickness may thus be
obtained by intermittently masking a predetermined area of the convex
surface of the faceplate, in particular the central area, as the faceplate
is rotated relative to the evaporation sources. According to yet another
aspect of the present invention there is provided a method of producing a 5
multilayer interference filter on a convex surface of a substantially
rectangular faceplate, the thickness of each layer being greater at the
corners than at the centre, comprising obliquely evaporating a filter
material onto the convex surface of the faceplate as it is rocked
substantially continuously, the distance from the electron gun to the
centre of the faceplate being greater than that to the adjacent corner of
the faceplate. The rocking motion may be imparted to the faceplate by
rotating the faceplate in a substantially 10 planetary manner relative to
the electron beam evaporation source. It is known to vacuum evaporate a
multilayer interference filter comprising alternate high and low refractive
index layers on to the concave surface of parabolic cold light mirrors. In
British Patent Specification 1088629 the vacuum evaporation of the filter
material on to rotating mirrors is substantially normal. British Patent
Specification No. 1199006 discloses obliquely evaporating material onto
planetary 15 rotated mirrors in order to obtain a greater layer thickness
at the edge than at the centre. However neither of these specifications
disclose how to evaporate variable thickness filter layers onto a convex
surface. The present invention will now be described, by way of example,
with reference to the accompanying drawings, wherein: Figure 1 is a
diagrammatic view of an embodiment of one type of a projection television
system made in 20    accordance with the present invention, Figure 2 is a
diagrammatic view of part of an embodiment of another type of a projection
television system having three orthogonally disposed projection television
tubes, the light outputs from which tubes are combined with the aid of
dichroic mirrors, Figure 3 is a diagrammatic cross-sectional view of a
faceplate and screen structure, 25    Figure 4 is a further enlarged view
of a faceplate and screen structure illustrating the operation of a
multilayer interference filter, Figure 5 illustrates the effect of an
interference filter on the spectral characteristics of a terbium activated
phosphor, Figures 6 and 7 show the gains in screen luminance obtained by
using interference filters with different 30   focal length lenses, Figure
8 illustrates the improved gain curve obtained by varying the cut-off angle
across the filter layers, Figure 9 is a diagram illustrating one method by
which the thickness of filter layers, and thereby the cut- off angles, can
be varied, Figure 10 is a diagrammatic view of one possible apparatus for
implementing the method illustrated in 35    and described with reference
to Figure 9, Figure 11 is a diagram illustrating the principle of another
method by which the thickness of filter layers, and thereby the cut-off
angles, can be varied, and Figure 12 is a diagrammatic view of an apparatus
for implementing the method illustrated in and described with reference to
Figure 11. 40     In the drawings the same reference numerals have been
used to indicate corresponding features. The projection system illustrated
in Figure 1 comprises a cabinet 10 having a viewing screen 12 mounted in
the upper part of its front wall. In the lower part of the cabinet 10 three
adjacently mounted projection television tubes 14 are provided, only one of
which is shown in the drawing. The cath- odoluminescent phosphors of the
tubes 14 emit respectively red, green and blue light. The light produced 45
by each tube is focused by means of a short focal length lens arrangement
16 onto the screen 12, the light from the lens 16 being reflected onto the
screen 12 by an inclined mirror 18. The longitudinal axes of the 



three tubes 14 are inclined relative to each other so that the projected
images from the tubes merge at the screen 12 to form a coloured image. Each
tube 14 comprises an envelope formed by a curved faceplate 20, a cone 22
and a neck 24. The 5o faceplate 20 is of substantially rectangular form
with rounded-off comers, when viewed in elevation and is proportioned so
that it can display for example the customary 4 units wide by 3 units high
television image or possible high definition television images 5 or 5.33
units wide by 3 units high. Viewed from inside the envelope, the internal
surface of the faceplate 20 is convex for example spherically convex with a
radius of curvature, rc, of 350 mm. 55     Within the envelope is provided
an electron gun 26 which produces an electron beam 28 which is scanned over
a cathodoluminescent screen 30 applied to the interior of the faceplate 20
by means of an electromagnetic deflection yoke 32 mounted externally of the
envelope at the neck 24/cone 22 transition. Electrical connections to the
electron gun 26 are by way of pins 34 mounted in an end cap 36 hermetically
4    EP 0 271 165 B1 sealed to the neck. A negative lens 38 is mounted near
the external surface of the faceplate 20. The negative lens 38 functions as
a field corrector and may have spherical or aspherical surfaces. The lens
may be solid or part of it may be liquid to form a contacting or cooling
medium. Although attached to the faceplate the lens actually forms part of
the lens 16. 5     Optionally the projection lens arrangement 16 (Figure 1)
may comprise aspheric lens elements. The projection television system
according to Figure 1 is compact. The focal length, f, of the lens
arrangement 16, the radius of curvature, rc, of the faceplate and the
diagonal or diameter, D, of the scanned phosphor area are related as
follows: f + 10000/rc < D, the values of f, rc and D being in millimetres.
Figure 2 shows the curved faceplates of three orthogonally arranged
projection television tubes 14R, 10 14G and 14B, ligth from these three
tubes is combined and projected through an aspherical lens arrangement 16.
In combining the light, the light rays of the blue tube 14B are reflected
by a dichroic mirror 39 inclined at an angle of 45 [err] with axis 40. The
rays of the red tube 1 4R are reflected by a dichroic mirror 44, which
likewise is inclined at an angle 45 * with axis 40. The rays of the green
tube 14G are passed by the blue and red light reflecting mirrors 39 and 41.
The light rays combined in this manner are projected 16 onto a projection
screen 12 (not shown) by means of the aspherical lens arrangement 16, and a
colour image is formed on said screen. The optical axes 42 and 43 of the
tubes 14B and 14R coincide and are coplanar with the optical axis 40 of
tube 14G. The optical axis 40 is perpendicular to the axes 42 and 43 and
also constitutes the optical main axis of the system. Figure 3 illustrates
a cross-sectional view, not to scale, of a part of the faceplate structure
of the tubes 20  14 (Figure 1) and 14B, 14G, 14R (Figure 2). The structure
comprises the curved faceplate 20 on the internal surface of which is
applied a multilayer interference filter 46. The cathodoluminescent
phosphor screen 30 is applied as a layer to the filter 46 and a thin
aluminium film 48, frequently termed the aluminium backing, is applied to
the phosphor layer. The general structure and the optical characteristics
of the interference filter 46 are known from, for 25  example, European
Patent Publication 0 170 320 (PHN 11.106) and published British Patent
Application GB- A-2 176 048 (PHQ 85.007). However, in the type of
interference filters disclosed previously, the thickness of each filter
layer is substantially constant over its entire area although the thickness
of adjacent layers may vary. In embodiments of the display tube made in
accordance with the present invention, the optical thickness, and hence is
the values of p and [err] and also the actual thickness, of each filter
layer is greater at 3o the corners by between 1 % and 6% than at the
centre. The interference filter 46 is composed of at least 6 layers, more
typically between 14 to 30 layers, for example 20 layers. Alternate layers
comprise a material having a high (H) refractive index (n) and a material
having a low (L) refractive index. The high refractive index material can
be TiO2 (n = 2.35), Ta205 (n = 2.0) or Nb2O5 (n = 2.15) and the low
refractive index material can be SiO2 (n = 1.47) or MgF2 (n = 1.38). 35 The
optical thickness (nxd), where d is the actual thickness, is betwen 0.2
[err] and 0.3 [err] typically between 0.23 [err] and 0.27 [err] where [err]
is the central wavelength of the filter 46. [err] is equal to p x [err]
where X Is the desired central wavelength selected from the spectrum
emitted by the cathodoluminescent material and p is a number between 1.18
and 1.36. The average optical thickness of the layers is [err] On a
frequency scale [err] corresponds to the centre of the reflection band with
perpendicular incidence of the light. The 4o  filter 46 may have a low
refractive index terminating layer L' which has a thickness of the order of
0.125 [err] 



Figure 4 illustrates the operation of the filter 46. The filter 46 behaves
as a small angle pass filter in respect of the fact that light incident at
angles up to say [err] to the normal is transmitted by the filter 46
whereas light incident at grater angles is reflected internally within the
phosphor layer 30. If this light is incident again on filter 46 it may be
transmitted provided it is incident within the permitted angular range. 45
Consequently the filter 46 provides a positive galn in luminance on the
projection screen 12. Another characteristic of the interference filter 46
is that the passband characteristic shifts to lower wavelengths the greater
the angle of incidence of the light. Both these effects are illustrated in
Figure 5 which shows the spectrum of a terbium activated green phosphor
material. The phosphor characteristic 5A illustrates the situation when no
filter is present. This characteristic spectrum is almost independent of
the emission angle. 50 The purity of the green light emitted will be
affected by the presence of light in the red and blue parts of the
wavelength spectrum. Characteristics SB, 5C, 5D and 5E illustrate the
effect of the presence of an interference filter on light emitted by the
phosphor layer and incident on the filter at 0, 15, [err] with respect to
the normal to the filter, respectively. A comparison of characteristics 5A
to 5E confirms the increase in gain by the presence of the filter 48 and
the enhanced purity of the spectrum. The enhanced 55 colour purity leads to
a considerably reduced chromatic aberration in imaging on the projection
screen. Different optical thicknesses of the filter layers, including
choosing different values for p and [err] change what is termed the filter
cut-off angle, the filter cut-off angle being the incident light angle at
which the filter transmission has decreased to 50%. The effect of these
changes is illustrated in Figure 6 which shows the 5    EP 0 271 165 B1
illuminance (E) distribution on the projection screen 12 from the centre
(rs = 0) to the outer diagonal comers (rs = 0.57 metres), the lens focal
length, f, being equal to 90 mm and the numerical aperture being 0.450, the
scanned phosphor area of the display tube faceplate having a diagonal of
125 mm and the radius of curvature (rc) of the internal spherical surface
of the faceplate 20 being 350 mm. In Figure 6, illuminance 5  produced
without the use of an interference filter is indicated by circles and the
light output has been normalised to unit illuminance at the centre, rs = 0.
The five other curves relate to TiO2/SiO2 modified quarter-wave 20-layer
interference filters with p-values of 1.228, 1.244, 1.263, 1.279 and 1.298
and corresponding cut-off angles (where the filter transmittance is 50%) of
[err]. For the green Tb line with a principal wavelength, X = 544 nm, the
respective values of [err] are 668, 677, 10 687, 696 and 706 nm. A
comparison of these shows that the smaller the cut-off angle then the
higher is the gain at the centre but the situation is substantially the
reverse at the comers although there is a general equality amongst the
larger cut-off angle filters at the corner. When shorter focal length
lenses are used with the same size display tube to project on to the same
size viewing screen, both the distance from the display tube to the lens
entrance pupil and the distance 15 from the lens exit pupil to the viewing
screen become smaller, thus leading to a more compact cabinet. The decrease
in the distance from display tube faceplate to lens entrance pupil also
increases the tilt in the acceptance angles of the lens. The angular
cut-off of the interference filter then more severely limits the light
being collected from off-centre parts of the phosphor layer, leading to
less gain in the comers and producing a colour shift which in the case of a
green terbium activated phosphor is towards the blue part of 20 the
spectrum. For a shorter focal length lens (f = 78mm) Figure 7 shows indeed
that, when the same filters are used as in Figure 6, the comer illumination
on the projection screen is reduced. The feature remains that the filter
with the smallest of the cut-off angles [err] = 668 mm) has the highest
gain at the centre and the least gain in the corners at that this least
gain is more pronounced for the shorter focal length lens. The filter with
the 25  largest of the cut-off angles (At = 706) enables an acceptable
corner illumination to be obtained at the expense of decreased illumination
at the centre. The display tube made in accordance with the present
invention provides a projection display tube in which the filter cut-off
angle smoothly varies with increasing distance from the centre and is
greater at the corner than at the centre. This is made possible by the
optical thickness of filter layers being greater at the 30  comers than at
the centre. The percentage change in optical thickness of the filter layers
should be substantially the same for all the filter layers leading to a
corresponding change in cut-off angle. A filter can be optimised by making
the cut-off angle at the centre between 3 [err] smaller than in the comers,
which corresponds to an increase in thickness from the centre to the
corners of between about 1% and 5%. The change in the optical thickness of
the filter layers can be achieved in a number of ways. Firstly to 



35 vary the actual thickness of each filter layer so that it is greater at
the corners of the faceplate than at the centre, the refractive index of
the filter layer material being constant. Secondly to vary both the layer
thickness and the refractive index of the material. In Figure 8 the
continuous line illustrates the illumination E of a projection screen
plotted against the radial distance from the centre, for a system having a
projection display tube with a faceplate having a 40  diagonal of 125 mm
and a spherically curved screen of radius of curvature 350 mm and a lens
having a NA = 0.450 and a focal length of 90 mm. The illumination E has a
high value at the centre rs = 0 which corresponds to a filter cut-off angle
of [err] and also a high corner illumination which corresponds to a filter
cut-off angle of 46 [err] = 706 mm). For comparison, the lower curve with
open circles gives the illumination without an interference filter. 45
It is possible to improve the corner illumination by reducing the radius of
curvature (rc) of the faceplate 20 to say 200 mm from say 350 mm. However,
reducing the radius of curvature causes problems with evaporation of the
filter layers, with sedimenting the phosphor material, with more pronounced
defocusing of the electron beam in the projection television cathode ray
tube, requiring dynamic correction to obtain a sharp image, and with raster
distortion. 50     The evaporation of filters, having increasing thickness
of layers towards the comers onto convex curved faceplates has involved the
development of techniques which go beyond those used in evaporating even
thickness layers onto concave curved or flat substrates. Figure 9
illustrates diagrammatically one method of evaporation by which a smooth
increase in the thickness of a filter from the centre to the comer can be
achieved. The essence of this evaporation method 55  lies in obliquely
evaporating the filter layer material onto the internal surface of a curved
faceplate 20. The faceplate is so disposed relative to a pair of evaporated
sources 50 that the distance h to the adjacent edge of the faceplate is
substantially less than the distance h' to the centre of the faceplate.
Consequently less material is evaporated at the centre than at the edge.
Rotating the faceplate about its axis 52 will ensure 6    EP 0271 165 B1
circularly symmetric deposition over the entire area of the faceplate, with
still a thicker filter layer near the comers because the deposition of
filter material is proportional to cos a/h2, which averaged over the
rotations may yield a higher value than cos a'/b'2. Method by which this
technique can be implemented is illustrated diagrammatically in Figure 10.
In a 5  known planetary type of evaporation apparatus the substrates onto
which layers are to be evaporated are mounted on a calotte 56 rotatably
mounted Inside a vacuum chamber 54. In order to evaporate variable
thickness layers in accordance with the technique described with reference
to Figure 9, the calotte 56 is constructed so that it comprises a plurality
of turntables 58 each of which is rotatable about its own axis. The
faceplates 20 are placed convex face downwards onto its respective
turntable 58. The evaporation 10 sources 50 are positioned off-axis so that
the material evaporated from the evaporation source lands obliquely on the
rotating substrates. By using the turntables 58 which have a planetary
rotation with respect to that of the calotte 56, a plurality of faceplates
can be treated batchwise during any one pump down of the vacuum chamber 54.
Disadvantages of this method are that the construction of the planetary
system is more complicated 15 than one without separate turntables 58 and
that the provision of the turntables 58 means that the number of faceplates
in a batch which can be processed is about 50% to 60% of the number which
can be processed using a calotte without turntables. Oblique evaporation
also produces less dense, more porous layers which are prone to suffer more
from crazing when subsequently annealed, compared to layers which are
evaporated substantially perpendicularly onto the substrate surface. 20
A simpler method which avoids the abovementioned problems but provides an
acceptable variation in the layer thicknesses between the centre and the
corners of a faceplate makes use of the fact that the faceplates are
rectangular with a 3:4 or 3:5 or 9:16 aspect ratio and are not circularly
symmetrical. Referring to Figure 11 if the central portion of the faceplate
20 is covered intermittently by a masking member 62, then the peripheral
areas of the faceplate surface remain exposed more continuously so that
more material 25 is deposited thereon than at the centre. Figure 12 is a
diagram of an apparatus for applying this method. In a vacuum chamber 54 a
rotatable calotte 56 provides support for a plurality of substantially
rectangular faceplates 20, possibly with rounded corners. The calotte 56
has substantially rectangular apertures therein which are so oriented that
the longer 



x-axes of the faceplates lie along imaginary radial lines extending from
the top of the calotte 56. For a 30 medium size evaporation apparatus there
are two rings of apertures, for a larger size evaporation apparatus it will
be advantageous to use three rings of apertures to accommodate a
substantially larger number of faceplates. In operation the calotte 56 is
rotated about its axis. The evaporation sources 50 are so disposed beneath
the underside of the calotte 56 that evaporated particles are incident on
the faceplates perpendicu- larly or at a sufficiently small angle relative
to a normal to the faceplate surface, for example smaller than 15 35
degrees, that a succession of dense layers is built-up on the faceplate
surface. A non-rotatably mounted, radially extending, masking member 62 is
arranged between the evaporation sources 50 and the underside of the
calotte 56 in order to modify the thickness variation due to evaporation on
convexly curved faceplates 20. The precise shape of the masking member 62
is determined partly by geometric calculations based on the wanted
thickness variation and based on known angular distributions of the
evaporated filter materials 40 and partly empirically. One has a choice to
make use of either one masking member which simultaneously corrects for the
non-homogeneous angular distribution of the evaporated material and which
gives the desired thickness variation for each filter, or two masking
members one for correcting the non-homo- geneous angular distribution and
one for the thickness variation. Under normal perpendicular evaporation on
to an unmasked convex faceplate there will be a thickness 45 decrease
towards the corners. This variation is opposite to what is desired for
producing an increase in the cut-off angles at the corners of the mask.
Assuming that the evaporation sources 50 are disposed 850 mm from (below)
the centre of a faceplate having a spherically curved internal surface with
a radius of curvature of 350 mm, a length (in the x- direction) of 100 mm
and a width (in the y-direction) of 75 mm, then the thickness of the layers
can be so calculated using the following relationship: Amount of material
deposited [err] (Evaporation [err] 55 The angle a is the sum of the angle
of curvature of the surface and the angle between the evaporation source
(the electron gun) and the relevant point on the faceplate. For the centre
this latter angle is zero. In the case of the mask exemplified above and
assuming that the x-axis and y-axis intersect at the centre, 7    EP 0 271
165 B1 than for an unmasked faceplate the following thickness variations
relative to the centre have been calculated. Ends of y-axis [err]     1.8%
thinner. Ends of x-axis [err]     3.2% thinner. Comers (ends of diagonals)
5.0% thinner. Using an exemplary masking of the central area of the
faceplate, then the following changes were achieved, io reference being
made to the relative thickness at the centre: Ends of y-axis [err]     No
change                1.8% thinner. Ends of x-axis [err]      7% gain in
thickness.   Net 3.8% thicker. 15                Corners (ends of
diagonals)  7% gain in thickness.   Net 2% thicker. Some tolerancing on
these thicknesses is possible but the amount of the tolerancing and its
thin- ner/thicker range relative to the centre differ depending on the
distance to the centre. By way of example at the centre the tolerance is
1% at y max the tolerance margins can be greater, between -2% and +2% 20
relative to the centre, at x max the tolerance region is + 1 % to + 4,5%
and at the end of the diagonal in the comers the tolerance is + 1 % to +
6%. To avoid misunderstanding, the thickness tolerance is related to the
nominal thickness at the centre so that a tolerance figure of + 1% to + 6%
means the corner thickness must be at least 1% thicker than at the centre
but not exceed 6% greater than at the centre. If one departs from the
tolerance ranges then the cut-off angles obtained may lead to an inbalance
in the contributions 25  between the small angle and wide angle light
towards the gain. In general the further one gets away from the centre the
less the contribution to the gain from the small angle light (near 0
degrees) and the greater the contribution from the wider angle light (near
35 to 50 degrees) and vice versa. If desired the shape of the convex
internal surface of the faceplate 20 may be aspherical rather than
spherical. In one embodiment the aspherical surface may have a larger
curvature, that is a smaller radius of 30  curvature, near the centre of
the faceplate and a smaller or substantially no curvature at larger
distances 



from the centre, particularly in the proximity of the corners. The
variation in the thickness of the filter layers, relative to their
thickness at the centre, is such that the thickness at the ends of the
y-axis (y max) is smaller than at the centre and the thickness at the ends
of the x-axis (x max) and at the ends of the diagonals is greater than at
the centre. Also the layer thickness at the ends of the diagonals is less
than the 35  thickness at x max but greater than at the centre. In an
embodiment of an aspherical faceplate the curvature near the centre is
close to or equal to 350 mm (radius) and increases (or becomes less curved)
at larger distances from the centre, ending with a curvature between 500 mm
(radius) and infinity (flat) in the corners. From the point of view of
depositing the filter layers a preferred example of an aspherical faceplate
for a projection television tube with about a 3"(75 mm) x 4"(100 mm)
scanned phosphor area has a spherically 40  curved central portion having a
radius of curvature between 300 and 400 mm, for example 350 mm, and
extending 35 to 45 mm from the centre of the faceplate and thereafter the
remaining area has a substantially infinite curvature, without any
discontinuity by using the tangent to the curved part of the faceplate at
the transition point. Another form of an aspherical faceplate which has
advantages from an optical point of view has a 45  central region having a
large radius of curvature and an outer region having a smaller radius of
curvature. Interference filters having a predetermined variation in cut-off
angles have been found to have a superior optical performance when used
with short focal length (between 0.5 to 0.75 times the diagonal of the
scanned phosphor are a of the faceplate) lenses compared to filters having
a constant cut-off angle. Also by being able to produce the filters using a
substantially perpendicular evaporation method will mean 50  that the
layers will be dense, have a small porosity, and will exhibit little or no
crazing after tube processing. Although the present invention has been
described with reference to a terbium activated green phosphor, it is to be
understood that the invention can be utilised with other green phosphors as
well as with known blue and red luminescing phosphors which are suitable
for use in projection colour television tubes. 55     When the filter
thickness increases in both the x- and y-directions, that is radially
symmetrically, substantially no colour change occurs over the whole
projection screen. When the filter thickness increases only in the
x-direction, as in the described and illustrated embodiments of the present
invention, the thickness variation can be chosen such that substantially no
colour correction is required in the x-direction, 8    EP 0 271 165 B1 that
is, along the lines. The resulting colour variation along the y-direction
can either be accepted or be corrected by a low-frequency electronic
adjustment of the electron beam currents in one or more of the red, green
and blue projection television cathode ray tubes. For instance, use can be
made of a parabolic collection at the field frequency. 5 Claims 1. A
projection television display tube (14) comprising an envelope having an
optically transparent faceplate (20), the internal surface of the faceplate
being convex as viewed from the interior of the 10     envelope, a
cathodoluminescent screen (30) on the internal surface of the faceplate and
a multilayer interference filter (46) between the cathodoluminescent screen
and the faceplate, the filter comprising at least 8 layers each having at
its centre an optical thickness nxd, wherein n is the refractive index of
the material of the layer and d is the thickness, the optical thickness of
the individual layers being between [err] , the average optical thickness
throughout the multilayer 15     stack being [err] wherein [err] is equal
to p x [err] where X is the desired central wavelength which is selected
from the spectrum emitted by the luminescent material and p is a number
between 1.18 and 1.32, characterized in that the cut-off angle is greater
at the comers than at the centre. 2. A projection television display tube
as claimed in claim 1, characterized in that the optical thickness, 20
hence p and X, of each of the filter layers is greater at the corners than
at the centre. 3. A projection television display tube as claimed in claim
2, characterized in that the optical thickness of each of the layers
increases progressively from the centre to the comers. 25  4. A projection
television display tube as claimed in claim 2, characterized in that the
thickness d of each of the layers is greater at the corners than at the
centre. 5. A projection television display tube as claimed in claim 4,
characterized in that the refractive index of the material of each of the
layers is substantially constant. 



30 6. A projection television display tube as claimed in claim 4,
characterized in that the refractive index of the material of each of the
layers at the centre is slightly different to that at the corners. 7. A
projection television display tube as claimed in claim 4, characterized in
that the faceplate has a 35     substantially rectangular profile and the
layer thickness at the ends of the shorter y-axis (y max) is less than at
the centre and the layer thickness at the end of the longer x-axis (x max)
is greater than at the centre. 8. A projection television display tube as
claimed in claim 7, characterized in that the internal surface of 40
the faceplate is spherical and the layer thickness at the ends of the
diagonals is less than the thickness at x max. 9. A projection television
display tube as claimed in claim 8, characterized in that the spherical
surface has a radius of curvature of substantially 350 mm. 45 10. A
projection television display tube as claimed in claim 1, characterized in
that the internal surface of the faceplate is aspherical. 11. A projection
television display tube as claimed in claim 10, characterized in that the
radius of curvature 50     of the internal surface is larger at a central
region than at the outer region. 12. A projection television tube as
claimed in claim 7, characterized in that the internal surface is
aspherical and has a larger curvature near the centre of the faceplate and
a smaller or substantially no curvature at larger distances from the
centre, particularly in the proximity of the comers and wherein the layer
55     thickness at the ends of the diagonals is less than the thickness at
x max. 13. A projection television display tube as claimed in claim 12,
characterized in that the aspherical surface has a curvature close to or
equal to 350 mm near the centre of the faceplate and becomes less curved 9
that is, along the lines. The resulting colour variation along the
y-direction can either be accepted or be corrected by a low-frequency
electronic adjustment of the electron beam currents in one or more of the
red, green and blue projection television cathode ray tubes. For instance,
use can be made of a parabolic collection at the field frequency. 5 Claims
1. A projection television display tube (14) comprising an envelope having
an optically transparent faceplate (20), the internal surface of the
faceplate being convex as viewed from the interior of the 10     envelope,
a cathodoluminescent screen (30) on the internal surface of the faceplate
and a multilayer interference filter (46) between the cathodoluminescent
screen and the faceplate, the filter comprising at least 6 layers each
having at its centre an optical thickness nxd, wherein n is the refractive
index of the material of the layer and d is the thickness, the optical
thickness of the individual layers being between [err] the average optical
thickness throughout the multilayer is     stack being 0.25X1, wherein
[err] is equal to [err] where X is the desired central wavelength which is
selected from the spectrum emitted by the luminescent material and p is a
number between 1.18 and 1.32, characterized in that the cut-off angle is
greater at the corners than at the centre. 2. A projection television
display tube as claimed in claim 1, characterized in that the optical
thickness, 20     hence p and [err] of each of the filter layers is greater
at the corners than at the centre. 3. A projection television display tube
as claimed in claim 2, characterized in that the optical thickness of each
of the layers increases progressively from the centre to the corners. 25
4. A projection television display tube as claimed in claim 2,
characterized in that the thickness d of each of the layers is greater at
the comers than at the centre. 5. A projection television display tube as
claimed in claim 4, characterized in that the refractive index of the
material of each of the layers is substantially constant. 30 6. A
projection television display tube as claimed in claim 4, characterized in
that the refractive index of the material of each of the layers at the
centre is slightly different to that at the corners. 7. A projection
television display tube as claimed in claim 4, characterized in that the
faceplate has a 35     substantially rectangular profile and the layer
thickness at the ends of the shorter y-axis (y max) is less than at the
centre and the layer thickness at the end of the longer x-axis (x max) is
greater than at the 



centre. 8  A projection television display tube as claimed in claim 7,
characterized in that the internal surface of 40     the faceplate is
spherical and the layer thickness at the ends of the diagonals is less than
the thickness at x max. 9. A projection television display tube as claimed
in claim 8, characterized in that the spherical surface has a radius of
curvature of substantially 350 mm. 45 10. A projection television display
tube as claimed in claim 1, characterized in that the internal surface of
the faceplate is aspherical. 11. A projection television display tube as
claimed in claim 10, characterized in that the radius of curvature so
of the internal surface is larger at a central region than at the outer
region. 12. A projection television tube as claimed in claim 7,
characterized in that the internal surface is aspherical and has a larger
curvature near the centre of the faceplate and a smaller or substantially
no curvature at larger distances from the centre, particularly in the
proximity of the corners and wherein the layer 55     thickness at the ends
of the diagonals is less than the thickness at x max. 13. A projection
television display tube as claimed in claim 12, characterized in that the
aspherical surface has a curvature close to or equal to 350 mm near the
centre of the faceplate and becomes less curved 9    at larger distances
from the centre, ending with a curvature between 500 mm and infinity in the
corners. 14. A projection television display tube as claimed in claim 12,
characterized in that the central region of the faceplate is spherical with
a radius of curvature between 300 and 400 mm, the region beyond the central
region is substantially conical having an infinite radius of curvature, and
the conicai region extends tangentially from the central spherical region.
16. A projection television display tube as claimed in claim 1,
characterized in that the interference filter comprises at least 9 layers.
10 16. A projection television display tube as claimed in claim 15,
characterized in that the interference filter has between 14 and 30 layers.
17. A projection television display system including three projection
television display tubes (14) respec- 15     tively having
cathodoluminescent screens (30) luminescing in different colours, focusing
lens means (16) associated with each display tube and a viewing screen (12)
on which the images on the display screens are merged to form a
multicoloured image, wherein each tube has a faceplate (20) which is convex
as viewed from inside the envelope, the projection television system
comprising at least one projection television display tube as claimed in
any of the claims 1 to 16. 20 18 A projection television display system as
claimed in claim 17, characterized in that the focusing lens means (16) has
a focal length of less than 100 mm. 19. A projection television display
system as claimed in claim 17 or 18, characterized In that f + 10000/rc 25
< D where f is the focal length of the lens means, rc is the radius of
curvature of the faceplate and D is the diagonal or diameter of the scanned
phosphor area, f, rc an D being in millimetres. 20. A method of producing a
multilayer interference filter onto a convex surface of a substantially
rectangular faceplate (20) for a projection television display tube, the
cut-off angle of the interference so     filter (46) varying with
increasing distance to the centre of the faceplate and being greater at the
corners than at the centre, the thickness of each layer of the multilayer
interference filter being greater at the corners than at the centre, said
method comprising mounting the faceplate (20) on a rotatable calotte (56),
evaporating a filter material at angles smaller than  15  to the
perpendicular to the convex surface onto the faceplate (20), the calotte
(56) being rotated, and varying the deposition of 35     evaporated
material onto the faceplate by selectively masking so that the layer
thickness increases with increasing x, with x = 0 at the centre of the
faceplate. 21. A method as claimed in claim 20, characterized in that a
predetermined area of the convex surface of the faceplate is masked
intermittently by at least one shield as the faceplate (20) is rotated
relatively to 40     the evaporation source (50). 22. A method as claimed
in claim 20 or 21, characterized in that the calotte (56) is concave viewed
from the evaporation source (50) and the or each faceplate (20) is disposed
with its longer axis substantially 



radially of the calotte. 45 23. A method of producing a multilayer
interference filter on a convex surface of a substantially rectangular
faceplate (20) for a projection television display tube, the cut-off angle
of the interference filter (46) varying with increasing distance to the
centre of the faceplate and being greater at the corners than at the
centre, the thickness of each layer of the multilayer interference filter
being greater at the comers 50     than at the centre, said method
comprising obliquely evaporating a filter material onto the convex surface
of the faceplate (20) as it is rocked substantially continuously, the
distance from the evaporation source (50) to the centre of the faceplate
being greater than that to the adjacent comer of the faceplate, the
faceplate (20) being rotated in planetary manner relative to the
evaporation source (50). 55 PatentansprUche 1.
Projektionsfemseh-Bildwiedergaberohre (14) mit einem Kolben, der eine
optisch transparente Vorder- platte (20), deren Innenflache, von der
Innenseite des Kolbens aus gesehen, konvex ist, einen 10    EP o 271 165 B1
, 1 l!11111111  !1111 Kathodolumiszenzschirm (30) auf der Innenflache der
Vorderplatte und ein Mehrschicht-lnterferenzfilter (46) zwischen dem
Kathodolumineszenzschirm und der Vorderplatte enthalt, wobel das Filter
wenig- stens 6 Schichten mit je einer optischen Dicke nxd in der Mitte
enthalt, worin n der Brechnungsindex des Schichtmaterials und d die Dicke
sind, die optische Dicke der einzelnen Schichten zwischen 0,2 Xf 5      und
0,3 Xf liegt, die mittlere optische Dicke im ganzen Mehrschichtstapel 0,25
Xf betragt, worin Xf gleich p x )X ist, worin X die verlangte
Zentralwellenlinge ist, die aus dem vom Leuchtstoff ausgesandten Spektrum
gewAhlt wird, und p eine Zahl zwischen 1,18 und 1,32 ist, dadurch
gekennzeichnet, daB der Anschnittwinkel in den Ecken groBer ist als in der
Mitte. 10  2. Projektionsfernseh-Bildwiedergaberdhre nach Anspruch 1,
dadurch gekennzeichnet, daB die optische Dicke, und also p und k, jeder der
Filterschichten in den Ecken grdser ist als in der Mitte. 3.
Projektionsfernseh-Bildwiedergaberohre nach Anspruch 2, dadurch
gekennzeichnet, daB die optische Dicke jeder der Schichten von der Mitte
nach den Ecken progressiv groBer wird. 15 4.
Projektionsfemseh-Bildwiedergaber6hre nach Anspruch 2, dadurch
gekennzeichnet, daB die Dicke d jeder der Schichten in den Ecken groBer ist
als in der Mitte. 5. Projektionsfemseh-Bildwiedergaberohre nach Anspruch 4,
dadurch gekennzeichnet, daB der Bre- 20     chungsindex des Materials jeder
der Schichten im wesentlichen konstant ist. 6.
Projektionsfemseh-Bildwiedergaberdhre nach Anspruch 4, dadurch
gekennzeichnet, daB der Bre- chungsindex des Materials jeder der Schichten
in der Mitte etwas abweixcht von dem in den Ecken. 25  7.
Projektionsfemseh-Bildwiedergaberohre nach Anspruch 4, dadurch
gekennzeichnet, daB die Vorderplat- te ein im wesentlichen rechteckiges
Profil hat und die Schichtdicke an den Enden der kUrzeren y-Achse (y max)
geringer ist als in der Mitte, und die Schichtdicke am Ende der lingeren
x-Achse (x max) groBer ist als in der Mitte. 30  &
Projektionsfemseh-Bildwiedergaberdhre nach Anspruch 7, dadurch
gekennzeichnet, daB die Innenfli- che der Vorderplatte sphdrisch ist und
die Schichtdicke an den Enden der Diagonale geringer ist als die Dicke bei
x max. 9. Projektionsfernseh-Bildwiedergaberohre nach Anspruch 8, dadurch
gekennzeichnet, daB die spharische 35     Oberflache einen Krummungsradius
im wesentlichen von 350 mm hat. 10. Projektionsfernseh-Bildwiedergaberohre
nach Anspruch 1, dadurch gekennzeichnet, daB die Innenfla- che der
Vorderplatte aspharisch ist. 4o 11. Projektionsfernseh-Bildwiedergaberohre
nach Anspruch 10, dadurch gekennzeichnet, daB der KrUrm- mungsradius der
Innenflfche in einem Zentralgebiet groeer ist als im AuBengebiet. 12.
Projektionsfernseh-Bildwiedergaberdhre nach Anspruch 7, dadurch
gekennzeichnet, daB die lnnenfla- che aspharisch ist und nahe bei der Mitte
der Vorderplatte eine graBere Krammung hat und in 45     grdBeren Abstanden
von der Mitte eine geringere oder im wesentlichen gar keine Krammung
aufweist, insbesondere in der NWhe der Ecken, und wobei die Schichtdicke an
den Ende der Diagonalen geringer ist als die Dicke bei x max. 13.
Projektionsfemseh-Bildwiedergaberohre nach Anspruch 12, dadurch
gekennzeichnet, daB die asphari- 50     ache Oberflache eine KrUmmung nahe
bei oder gleich 350 mm nahe bei der Mitte der Vorderplatte hat 



und in groBeren Abstanden von der Mitte weniger gekrUrmmt ist und in eine
KrOmmung zwischen 500 mm und unendlich in den Ecken auslauft. 14.
Projektionsfemseh-Bildwiedergaberohre nach Anspruch 12, dadurch
gekennzeichnet, daB das Zentral- as     gebiet der Vorderplatte sphirisch
mit einem Krn mmungsradius zwischen 300 und 400 mm ist, wobei das Gebiet
vorbei dem Zentralgebiet im wesentliche konisch ast mit einem unendlichen
KrMmmungsra- dius, und das Konusgebiet sich tangential vom zentralen
spharischen Gebiet erstreckt. 11    EP 0 nl 165 B1                 1
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C L    15. Projektionsfernseh-Bildwiedergaberdhre nach Anspruch 1, dadurch
gekennzeichnet, daB das Interfe- renzfilter wenigstens 9 Schichten enthflt.
16. Projoktionsfemseh-Bildwiedergaberohre nach Anspruch 15, dadurch
gekennzeichnet, daB die Zahl der 5      Schichten des Interferenzfilters
zwischen 14 und 30 liegt. 17. Projektionsfernseh-Bildwiedergabeanordnung
mit drel Projoktionsfernseh-Bildwiedergaber6hren (14) mit je in
verschiedenen Farben leuchtenden Kathodolumineszenzschirmen (30), einem
Sammellinsenmittel (16) in Zusammenarbeit mit jeder Bildwiedergaborohre und
einem Bildschirm (12), auf dem die bilder tO     an den Wiedergabeschirmen
zur Bildung eines Mehrfarbenbildes gemischt werden, wobei jede Ro5hre eino
Vorderplatte (20) enthalt, die, von der Innenseite des Kolbens gesehen,
konvex ist, und die Projektionsfernseh-Bildwiedergabeanordnung wenigstens
eine Projoktionsfernseh-Bildwiedergaberohre nach einem oder mehreren der
Anspr~che 1 bis 16 enthalt. 16  1&
Projektionsfernseh-Bildwiedergabeanordnung nach Anspruch 17, dadurch
gekennzeichnet, daB das Sammellinsenmittel (16) elne Brennweite von weniger
als 100 mm hat. 19. Projektionsfemseh-Bildwiedergabeanordnung nach Anspruch
17 odor 18, dadurch gakennzoichnet, daB f + 10.000/rc < D betragt, worin f
die Brennweite des Unsenmittels, rc der Kr~mmungsradius der 20
Vorderplatte und D die Diagonale oder der Durchmesser des abgetasteten
Leuchtfeldes sind, wobei f, rc und D Millimeterwerte sind. 20. Verfahren
zum Erzeugen eines Mehrschicht-interferenzfilters auf einer konvexen
Oberflache einer im wesentlichen recheckigen Vorderplatte (20) fOr eine
Projoktionsfemseh-Bildwiedergaberohre, wobei der 25     Anschnittwinkel des
Intrerferenzfilters (46) sich mit wachsendem Abstand von der Mitte der
Vorderplatte andert, und in den Ecken grofler ist als in der Mitte, die
Dicke jeder Schicht des Mehrschichtfllters in den Ecken grgoer ist als in
der Mitte, und das Verfahren das Anbringen der Vorderplatte (20) auf einer
drehbaren Kalotte (56), das Verdampfen eines Filtermaterials unter
kleineren Winkeln als 15 * gogen die Senkrechte auf die Konvexfllche auf
der Vorderplatte (20) bei drehender Kalotte (56), und das 30     Andern der
Abscheidung verdampften Materials auf der Vorderplatte durch selektives
Maskieren umfaBt, so daB die Schichtdicke bei ansteigendem x gr6oer wird,
und x = 0 in der Mitte der Vorderplatte ist. 21. Verfahren nach Anspruch
20, dadurch gekennzoichnot, daB ein vorgegebenes Fold der Konvexflache 35
der Vorderplatte intermittierend von wenigstens einem Schild maskiert wird,
wenn die Vorderplatte (20) in bezug auf die Verdampfungsquelle gedreht
wird. 22. Verfahren nach Anspruch 20 oder 21, dadurch gekennzeichnet, daB
die Kalotte (56), von der Verdamp- fungsquelle (50) aus gesehen, konkav
ist, und die odor jede Vorderplatte (20) mit ihrer langeren Achse 40    im
wesentlichen radial in bezug auf die Kalotte angeordnet ist. 23. Verfahren
zum Erzeugen eines Mehrschicht-Interferenzfilters auf einer Konvexfllche
einer im wesentli- chen rechteckigen Vorderplatte (20) fOr eine
Projektionsfernseh-Bildwiedergaber8hre, wobei der An- schnittwinkel des
Interferenzfilters (46) sich mit grdBer werdendem Abstand von der Mitte der
Vorder- 45     platte andert, und in den Ecken gr8fBer ist als in der
Mitte, die Dicke jeder Schicht des Mehrschicht- lnterferenzfilters in den
Ecken grdBer ist als in der Mitte, und das Verfahren das schrige Aufdampfen
eines Filtermaterials auf der Konvexflache der Vorderplatte (20 wahrend im
wesentlichen ununterbro- chenem Schwingen umfalt. der Abstand von der
Verdampfungsquelle (50) zur Mitte der Vorderplatte groBer ist als der zur
benachbarten Ecke der Vorderplatte, und die Vorderplatte (20) in bezug auf
die 50     Verdampfungsquelle (50) auf die Weise der Planetenbewegung
gedreht wird. Revendlcatlons 1. Tube image de t~ldvision & projection (14)
comprenant une enveloppe ayant une dalle (20) optique- 66     ment
transparente, la surface interne de la dalle etant convexe vue de
l'int~rieur de l'enveloppe, un 



6cran cathodoluminescent (30) sur la surface interne de la dalle et un
filtre interfdrentiel multicouche (46) entre lNcran cathodoluminescent et
la dalle, le filtre compronant au moins 6 couches ayant chacune, au centre,
une 6paisseur optique nxd, ob n est l'indice de refraction de la matibre de
la 12    EP 0 Y71 165 1II I 11111 1 11111 couche et d est l'epaisseur,
l'dpaisseur optique des couches individuelles dtant comprise entre 0,2 x1
et 0,3 X,, l'epaissour optique moyenne dans touts la pile de couches
multiples dtant de 0,25 K,, oO K, est dgal I p x X, oO X est la longueur
d'onde centrale souhaitdo qui est choisie dans le spectre 4mis par la
matibre luminescente et p est un nombre compris entre 1,18 et 1,32,
caractdris4 en ce que I'angle de a 5        coupure est plus grand aux
coins qu'au centre. 2. Tube image de tdl6vision A projection selon la
revendication 1, caract~risd en ce que l'dpaisseur optique, en
l'occurrence, p et X, de chacune des couches de filtrage est plus grande
dans les coins qu'au centre. 10 & Tube image de tdldvision & projection
selon la revendication 2, caractdris4 en ce que l'dpaisseur optique de
chacune des couches augmente progressivement du centre vers les coins. 4.
Tube image de tdldvision I projection selon la revendication 2, caract6rise
en ce que l'4paisseur d de i5     chacune des couches est plus grande dans
les coins qu'au centre. 5. Tube image de tdldvision a projection selon la
revendication 4, caract~risd en co que l'indice de refraction de la matibre
de chacune des couches est sensiblement constant. 2o  6. Tube image de
tdldvision & projection solon la revendication 4, caract~ris6 en ce quo
l'indice de rdfraction de la matibre de chacune des couches au centre est
ldgbrement different de celui des coins. 7. Tube image de tdldvision &
projection selon la revendication 4, caract6ris4 en ce que la dalle a un
profil sensiblement rectangulaire et l'paisseur des couches aux extrdmit~s
de l'axe y plus court (y max) est 25     moindre qu'au centre et
l'dpaisseur des couches & l'extrdmit6 de l'axe des x long (x max) est plus
dlevde qu'au centre. &  Tube image de t6l6vision a projection selon la
revendication 7, caractdrisd en ce que la surface interne de la dalle est
sphdrique et l'epaisseur des couches aux extrdmit6s des diagonales est
inffrieure a 30     I'epaisseur en x max. 9. Tube image de tdldvision a
projection salon la revendication 8, caract~risd en ce que la surface
sph6rique a un rayon de courbure qui est sensiblement de 350 mm. 35  10.
Tube image de teldvision & projection selon la revendication 1, caract~ris4
en ce que la surface interne de la dalle est asph6rique. 11. Tube image de
teldvision & projection selon la revendication 10, caractdrist en ce que le
rayon de courbure de la surface interne est plus grand dans la r~gion
centrale que dans la rdgion extdrieure. 40 12. Tube image de tdlivision I
projection selon la revendication 7, caractdris4 en ce quo la surface
interne est asphdrique et pr~sente une courbure plus forte & proximite du
centre de la dalle et une courbure moins forte ou sensiblement nulle A des
distances plus grandes du centre, en particulier & proximit4 des coins,
I'dpaisseur des couches aux extrdmit~s des diagonales dtant infdrieure &
1'dpaisseur en x 45     max. It Tube image de tdldvision a projection selon
la revendication 12, caractdrisd en ce que la surface asph~rique a une
courbure proche de 350 mm ou dgale a cello-cl au voisinage du centre de la
dalle et deviont moins courbe A des distances plus grarides du centre, pour
terminer par une courbure 50     comprise entre 500 mm et l'infini dans les
coins. 14. Tube image de tdl~vision & projection solon la revendication 12,
caract~risd en co quo la rdgion centrale de la dalle est sphdrique avec un
rayon de courbure entre 300 et 400 mm, la r~gion au-delL de la rdgion
centralo est sensiblement conique avec un rayon de courbure infini et la
r~gion conique a5     s'Etend tangentiellement & partir de la r6gion
sphdrique centralo. 15 Tube image de t6l6vision a projection solon la
revendication 1, caractdris4 en ce quo le filtre interferentiel comprend au
moins 9 couches. 13   



16. Tube image de tdl~vision a projection selon la revendication 15,
caract~ris4 en co quo le filtre interferentiel comprend entre 14 et 30
couches. 17. Systbme d'affichage de teldvision I projection compronant
trois tubes image de television a projection -   s  (14) ayant
respectivement des 6crans cathodoluminescents (30) & luminescence. dans
diff6rentes couleurs, un moyen & lentille de focalisation (16) associd &
chaque tube image et un 6cran de visualisation (12) sur lequel les images
sur les 6crans d'affichage sont fusionndes pour former une image
multicolore, dans lequel chaque tube comporte une dalle (20) qui est
convexe lorsqu'on l'observe de l'int~rieur de lenveloppe, le systbme de
t~l~vision I projection comprenant au moins un 10    tube image de
t~l~vision I projection selon 'une quelconque des revendications 1 a 16.
18. Systlme d'affichage de t6l~vision I projection selon la revendication
17, caract~ris6 en co que le moyen a lentille de focalisation (16) a une
distance focale inferieure & 100 mm. 15  19. Systhme d'affichage de
teldvision a projection selon la revendication 17 ou 18, caractdris6 en ce
quo f + 10 000/rc < D oD f est la distance focale du moyen a lentille, rc
est le rayon de courbure de la dalle et D est la diagonale ou le diambtre
de I'aire de luminphores balayee, f, rc et D 6tant en millimbtres. 20.
Proc~d4 de production d'un filtre interferentiel multicouche sur une
surface convexe d'une dalle 20     sensiblement rectangulaire (20) pour un
tube image de tel6vision I projection, l'angle de coupure du filtre
interf6rentiel (46) variant a mesure quo l'on s'aligne du centre de la
dalle et 4tant plus 4lev, dans les coins qu'au centre, 1'4paisseur de
chaque couche du filtre interferontiel multicouches 6tant plus dlevde dans
les coins qu'au centre, le procdd6 consistant I monter la dalle (20) sur
une calotte tournante (56), a faire evaporer une matibre de filtrage a des
angles inf~rieurs &  15 * par rapport a la 25     perpendiculaire a la
surface convexe sur la dalle (20), la calotte (56) 6tant mise on rotation,
et a faire varier le d6p8t de la matibre 6vaporde sur la dalle par un
masquage s~lectif, de tolle sorte quo lN'paisseur des couches augmente
lorsque x augmente, x etant 6gal a z~ro au centre de la dalle. 21. Procd4
selon la revendication 20, caracteris6 en co qu'une aire pr~d~terminde de
la surface convexe 30     de la dalle est masquee de manibre intermittente
par au moins un 6cran lorsque la dalle (20) est tourn6e par rapport a la
source d'6vaporation (50). 22. Proc~dd selon la revendication 20 ou 21,
caract~ris6 en ce quo la calotte (56) est concave lorsqu'on l'observe
depuis la source d'4vaporation (50) et la ou chaque dalle (20) est disposee
avec son axe long 35     sensiblement radial par rapport a la calotte. 23.
Procdd6 de production d'un filtre interf~rentiel multicouche sur une
surface convexe d'une dalle sensiblement rectangulaire (20) pour un tube
image de teldvision a projection, I'angle de coupure du filtre
interfdrentiel (46) variant a mesure quo l'on augmente la distance du
centre de la dalle et 6tant 40     plus 6lev4 dans les coins qu'au centre,
l'4paisseur de chaque couche du filtre interfdrentiel multicouche dtant
plus 6levde dans les coins qu'au centre, le proced4 consistant a evaporer
en oblique une matibre de filtrage sur la surface convexe de la dalle (20),
tandis qu'elle oscille en substance sans interruption, la distance s6parant
la source d'4vaporation (50) du centre de la dalle 6tant plus grande quo
celle qui va jusqu'au coin adjacent de la dalle, la dalle (20) 6tant mise
en rotation de maniere planetaire par 45     rapport a la source
d'4vaporation (50). 60 55 14    


