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@ Cathode ray tube comprising a display window.

@ A cathode ray tube comprising a curved sub-

stantially rectangular display window, the outside An improved reflection image of linear light sources
surface and/or inside surface of the display window is obtained.

being given by:

z = f(X,Y) 4 1

where each point situated off the x-axis and the y-
axis complies with the formula

N 22y < ZyylsignXY < 0

I 18
where L -2
! 13
Zw = O°Z/3X2, / 3
zyy = 322/0Y? and %
Zy = 32Z/dXDY)
signXY = +1 for X*¥ > 0, and
signXY = -1 for XY < 0.

Rank Xerox (UK) Business Services



1 EP 0 516 218 A1 2

The invention relates to a cathode ray tube
comprising a display window having a curved sub-
stantially rectangular outside surface with a long
axis and a short axis.

Cathode ray tubes are used in, inter alia,
television receivers, computer monitors and DGD
(Data Graphics Display) devices.

In recent years the aim has been to provide
display windows having a relatively small curvature.
Within the framework of the invention it has been
found, however, that disturbing reflections of light
sources frequently occur at the outside surface of
the display window, so that the perception of flat-
ness of the display window is substantially lost. It is
an object of the invention to provide a cathode ray
tube in which this disturbing effect has been re-
duced substantially.

To this end, a cathode ray tube of the type
mentioned in the opening paragraph is character-
ized according to the invention in that the outside
surface of the display window is given by:

z = (X, Y)

where X is the x-coordinate divided by half the
length of the long axis, Y is the y-coordinate di-
vided by half the length of the short axis, and each
point situated off the long axis or short axis com-
plies with the formula: o

- V(ZoZyy) < Zy/signXY < 0
where:

Z = d%ZRN?, zyy = 3%22I3Y?, 2,y = 322/(3XdY) and
signXY = +1forX>0,Y>0andfor X<0,Y<O0
and
signXY = -1 for X>0,Y <0 and for X<0,Y> 0.
If the above conditions are satisfied, cathode
ray tubes having substantially flat display windows,
i.e. having display windows with a relatively small
average curvature, are perceived as being substan-
tially flat. As has been noted within the framework
of the invention, there are conditions in which con-
ventional cathode ray tubes exhibit a disturbing
distortion of reflections of light sources. Devices in
which cathode ray tubes are used are often ar-
ranged in rooms which are artificially lit by elon-
gated horizontally arranged light sources which ex-
tend parallel to the display window. Examples of
such light sources are fluorescent lamps. The most
important source of disturbing reflections in such
rooms are said elongated light sources. The dis-
turbing effect which reflections of such light sour-
ces have on conventional display windows is some-
what comparable to a distorting-mirror effect, and it
gives the impression that the display window is
very convex even if the average curvature of the
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display window is very small. A further effect which
may occur in the image displayed is that as a
result of said reflections a straight line situated
right next to a curved reflection image appears to
be curved. A viewer perceives this effect as a
decrease in picture quality. The invention provides
a cathode ray tube in which said adverse effects
are reduced. In the case of a cathode ray tube
according to the invention, the reflection image of
an elongated horizontal light source has a maxi-
mum for the y-value on the short axis, the reflec-
tion image of a vertical elongated light source has
a minimum for the x-value on the long axis. A
"distorting-mirror" effect does not occur. Two re-
flection images of one point of a light source are
never formed on the display window. By virtue
thereof, the display window is perceived as being
flat and reflections of the light sources are disturb-
ing to a minor degree only. For reasons of simplic-
ity, the conditions stated in the formula above will
hereinafter also be referred to as "formula 1".

In a further embodiment of the invention, each
line parallel to the long axis complies with the
equation:
dzRY = Ay, A2 and Az, for X = 0, 1 and 0.5,
respectively,
where (A1 -A3)/(A1 -A2) <0.1.

For a line extending parallel to the x-axis, the Y-
coordinate is a constant.

In the above condition, Ay, A2 and Az are short-
ened forms of (dz/dY)x=¢ efc. If the above condition
regarding 3z/dY satisfied, relatively little distortion
takes place in the reflection of a horizontally ar-
ranged linear light source. In the most important
part of the display window no or only very little
curvature of the reflection images takes place. For
the sake of simplicity, said conditions will
hereinafter also be referred to as "formula 2".

In a further embodiment of the invention, each

line extending parallel to the short axis complies
with the equation:
9z/8X = By, B> and Bs, for Y = 0, 1 and 0.5,
respectively,
where (B1-Bg)/(B1-Bz) <0.1.
B1, B> and Bz are shortened forms of (dz/0X)y efc.
If this condition regarding 8z/dx is satisfied, rela-
tively little distortion takes place in the reflection of
a vertically arranged linear light source. Said con-
ditions will hereinafter also be referred to as
"formula 3".

A few embodiments of the cathode ray tube
according to the invention will be described in
greater detail with reference to the accompanying
drawing, in which

Fig. 1 is a sectional view of a cathode ray tube
according to the invention;

Fig. 2 is a partly perspective elevational view of
a display window;
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Figs. 3a up to and including 3d are front views
of a few reflection images on an outside surface
of a display window.

Figs. 4 and 5 show reflection images.

The Figures are not drawn to scale. In the
Figures, corresponding parts generally bear the
same reference numerals.

A cathode ray tube, in this example colour
display tube 1, comprises an evacuated envelope 2
which consists of a display window 3, a cone
portion 4 and a neck 5. In the neck 5 there is
provided an electron gun 6 for generating three
electron beams 7, 8 and 9 which extend in one
plane, the in-line plane, which in this case is the
plane of the drawing. A display screen 10 is situ-
ated on the inside of the display window. The
display screen 10 comprises a large number of
phosphor elements luminescing in red, green and
blue. On their way to the display screen 10, the
electron beams 7, 8 and 9 are deflected across the
display screen 9 by means of deflection unit 11
and pass through a colour selection electrode 12
which is arranged in front of the display window 3
and which comprises a thin plate having apertures
13. The colour selection electrode is suspended in
the display window by means of suspension means
14. The three electron beams 7, 8 and 9 pass
through the apertures 13 of the colour selection
electrode at a small angle with each other and,
hence, each electron beam impinges on phosphor
elements of only one colour.

Fig. 2 is a partly perspective elevational view of
a display window. The points of the outside surface
can be described by a function z = (X, Y) where z
is the distance between a point and the tangent
plane to the centre of the outside surface. In gen-
eral, z is termed the sagittal height. The z-axis
extends perpendicularly to the tangent plane to the
centre of the outside surface of the display window
and is indicated in the Figure. The short axis is
indicated as the y-axis, the long axis is indicated as
the x-axis. Said axes extend perpendicularly to
each other and to the z-axis. The outside surface is
constructed such that it is mirror symmetrical rela-
tive to the short and the long axes. The centre of
the outside surface coincides with the point of
intersection of the long and the short axes. The x-
coordinate of a point can be found by projecting
said point perpendicularly onto the x-axis. In terms
of its absolute value, the x-coordinate is equal to
the distance along the x-axis between the centre of
the outside surface and the point of projection on
the x-axis. The sign is positive on one side of the
short axis and negative on the other side. The y-
coordinate of a point can be found by projecting
said point perpendicularly onto the y-axis. In terms
of its absolute value, the y-coordinate is equal to
the distance along the y-axis between the centre of
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the outside surface and the point of projection on
the y-axis. The sign is positive on one side of the
long axis and negative on the other side. The X-
value of a point is equal to the x-coordinate divided
by half the length of the long axis, so that the x-
value for the edge of the outside surface at the end
of the long axis is 1, and -1 at the opposite end of
the long axis. The Y-value of a point is equal to the
y-coordinate divided by half the length of the short
axis, so that the Y-value for the edge of the outside
surface at the end of the short axis is 1, and -1 at
the opposite end of the short axis.

Figs. 3a up to and including 3d show front
views of a few reflection images on the outside
surface of the display window. In Fig. 3a, the x-axis
and the y-axis are indicated as well as the points X
=1,Y =0@32 and X = 0, Y = 1 (33). Sad
points correspond to a point at an edge of the
outside surface at the end of the long axis (point
32) and to a point at the end of the short axis,
respectively. Said points correspond to the edges
of the display screen, ie. if lines are drawn from
said points in the z-direction, said lines intersect
the edges of the display screen.

According to the invention, the outside surface
is characterized in that it conforms to the char-
acterizing part of claim 1.

Fig. 3a shows a reflection image 31 of an
elongated light source which is arranged parallel fo
the x-axis, for z./signXY < 0 for the outside sur-
face (Fig. 3a) and for z, varying over the outside
surface such that also positive values of z,, occur
(Fig. 3b). A reflection image as shown in Fig. 3b
gives the disturbing impression that the display
window is very convex. The reflection image as
shown in Fig. 3a does not have this disadvantage.
A similar effect occurs with elongated light sources
which are arranged parallel to the y-axis. Fig. 3c
shows a reflection image 31 of an elongated light
source which is arranged parallel to the x-axis, for
a cathode ray tube the outside surface of which
complies with the formula -v/(22yy) < 2z /signXYy,
and Fig. 3d shows a reflection image 31 for a
situation in which there are points 34 which do not
comply with the above formula. The radius of cur-
vature of the outside surface at a point is depen-
dent on the direction along which the radius of
curvature is taken. For each point a radius of
curvature in the x- or in the y-direction can be
defined. Likewise the radius of curvature in any
direction in between the x- and y-direction can be
defined. For points 34 which do not comply with
the above formula the radius of curvature is posi-
tive for some directions and negative for other
directions. This has as a consequence that double
reflection images occur around these points. This
too gives the disturbing impression that the display
window is very convex around said points and the
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perception of flatness of the display window is lost.
If the above formula applies for all points which do
not lie on the x- or y-axis, than for each point the
radius of curvature is positive for all directions. No
double reflections occur then.

In a further embodiment of the invention the
outside surface complies with the formulae:
dzRY = Ay, forY = Yo, X = 0,
d3zRY = Ax,forY = Yo, X = 1 and
d3zRY = Az, for Y = Yo, X = 0.5, where (A1-Az)/-
(A1-A2) < 0.1, and
where Yo may be any value between -1 and +1.

If this requirement is met, there is relatively little
distortion in the reflection of a horizontally arranged
light source.

Fig. 4 shows the reflection image 41 of a
horizontally arranged light source when said con-
dition is fulfilled, and it shows reflection image 42
when said condition is not fulfilled, in this case
when (A1-Az)/(A1-Az) = 0.25. In the central part of
the display window, ie. the area between X = 0
and X = 0.5, the curvature of the reflection image
41 is much smaller than the curvature of the reflec-
tion image 42.

In yet another embodiment of the invention it
holds that:
d3z/dX = By, Bz and Bs, for X = Xo, Y = 0, X =
Xo, Y = 1 and X = Xo, Y = 0.5, respectively,
where (B1-B3)/(B1-B2) < 0.1, where Xo may be any
value between -1 and 1.

When this condition is fulfilled, there is relatively
little distortion in the reflection of a vertically ar-
ranged light source.

Fig. 5 shows the reflection image 51 of a
vertically arranged light source when the above
condition is fulfilled, and it shows the reflection
image 52 if (B1-B3)/(B1-B2) = 0.25.

The above formulary conditions to be satisfied
by the shape of the display window will be elabo-
rated below for a number of shapes of display
windows. It is noted that Ay, A2, Az and B4, Bz, Bs
are shortened forms of 3zRX, for Y = Yo, X = 0
etc.

For a display window whose outside surface
can be described by:

z = A% + BY2 + CXPY?

where A, B and C are constants and A> 0,B> 0
and C < 0, the conditions of formula 1
“V(ZwZyy) < zZylsignXY < 0 are satisfied if it
holds that -1/2/(A+C)(B+C) < C < 0.
For such screens it holds that (A1-As)/(A1-Az) =
0.25, (B1-B3)/(B1-B2) = 0.25. Such a screen does
not satisfy the other conditions (formulae 2 and 3)
(A1-Az)/(A1-Az2) < 0.1, and (B1-B3)/(B1-B2) < 0.1.
For a display window which can be described
by:
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z = AXZ + BY2 + CXZY2 + DA(XC-X4Y(1-Y?)

where A > 0, B > 0, C < 0 and D < 0, the
conditions of "formula 1" are satisfied if C-D < 0
and C+D < 0 (or in other words D/C < 1) and if it
holds that -1/2((A+C)(B+C) < C+D. The con-
ditions of "formula 2" are met if: D/C > 0.8. Fur-
ther, it holds that (B1-Bs)/(B1-B2) = 0.25, so that
the condition (B1-Bs)/(B1-B2) < 0.1 ("formula 3") is
not satisfied.

For a display window which can be described by:

z = AXZ + BY2 + CX2Y2 + E(Y2-YH)(1-X?)

where A > 0, B > 0, C < 0 and E < 0, the
conditions of "formula 1" are satisfied if:

C-E < 0 and C+E < 0 (or in other words E/C < 1)
and if it holds that -1/2/(A+C)(B+C) < C+E. The
conditions of "formula 3" are satisfied if: E/C > 0.8.
Further, it holds that (A1-Az)/(A1-A2) = 0.25, so that
the condition (A1-Az)/(A1-A2) < 0.1 is not satisfied.

It will be obvious that within the scope of the
invention many variations are possible. In the ex-
amples a description is given of, for example, a
colour cathode ray tube; however, the invention is
not limited thereto, in further examples the cathode
ray tube can be, for example, a monochrome cath-
ode ray tube or a black-white cathode ray tube. In
the example, the evacuated envelope comprises
one neck 5; however, in further examples the cath-
ode ray tube may comprise more than one neck
having an electron gun. In the examples, a number
of descriptions of surfaces are given. However, the
invention is not limited to said examples nor to the
manner in which they are described. In the case of
more complicated surfaces there is sometimes
more than one manner of giving an approximate
description of the surface in the form of a formula.
In the case of display windows which can be de-
scribed by a formula z = (X, Y) and which have a
more complicated shape than the display windows
described herein, the partial derivatives across the
screen can be calculated after which, either analyti-
cally or by means of a computer program, it can
be calculated which conditions the formula f(X, Y)
must satisfy to comply with the above formulae 1,
2 or 3.

Hereinbefore, all partial derivatives are ex-
pressed in the standardized units X and Y. Some-
times, z is expressed in x and y (z = f(x, y)). In
that case, expressed in x and y, the formulae 1, 2
and 3 can be given by:

(formula 1)

V(2x2yy) < zyy/signxy < 0

where
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Z = d%2I0%2, zyy = 3%2/0y? and z,y = 3%Z/(dxdY),
signxy = +1forx>0,y>0andforx<0,y<0
and

signxy = -1 forx>0,y<0andforx<0,y>0;
(formula 2)

dz/dy = Ay, Ax and Az for x = 0, xo and 0.5%o,
respectively,

where (A1-As)/(A1-A2) < 0.1, and X, is the value of
x at the end of the long axis; and

(formula 3)

dz/dx = By, Bx and Bz for y = 0, yo and 0.5%ypo,
respectively,

where (B1-Bs)/(B1-B2) < 0.1, and yo is the value of
y at the end of the short axis.

In general, the most clearly visible and, hence,
most disturbing reflections occur at the outside
surface of the display screen. Reflections may also
occur at the inside surface of the display window.
The disturbing effects of the latter reflections are
reduced if the inside surface of the display window
complies with the above formulae 1,2 and/or 3,
where z, X and Y relate to points on the inside
surface. In embodiments, both the inside surface
and the outside surface may comply with the for-
mulae. Preferably, embodiments of cathode ray
tubes according to the invention, said cathode ray
tubes comprising a shadow mask, are character-
ized in that the maximum values of (A - As)/(As -
Az) and/or (B1 - B3)/(B1 - By) for the inside surface
are smaller than 0.20 and greater than 0.1. Doming
occurs in cathode ray tubes comprising a shadow
mask. Doming is a phenomenon which causes pic-
ture quality to be adversely affected as a result of
bulging of the shadow mask. It is very difficult to
attain an acceptable degree of doming when the
maximum values of (A1 - Az)/(As - A2) and/or (B1 -
Bs) /(B1 - Bz) are smaller than 0.1. At maximum
values in excess of 0.20, the positive effect on
reflections is small. The invention is especially im-
portant for cathode ray tubes having a relatively
small curvature, i.e. having an average radius of
curvature larger than e.g. 1500 mm. For such tubes
the mentioned negative influences of the disturbing
reflections are especially noticeable. Cathode ray
tubes of the invention can have an aspect ratio of
3:4, or smaller than 3:4 e.g. smaller than 3:5, e.g.
9:16.

Claims

1. A cathode ray tube comprising a display win-
dow having a curved substantially rectangular
outside surface with a long axis and a short
axis, characterized in that the outside surface
of the display window is given by:

z = f(X,Y)
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where X is the x-coordinate divided by half the
length of the long axis, Y is the y-coordinate
divided by half the length of the short axis, and
each point which is situated off the long axis
and short axis complies with the formula

V(Zxx2Zyy) < 2y /signXY < 0
where

Zy = d22I0K?, zyy = 322/0Y? and z,, = d%z/-
(dX3Y),

signXY = +1for X>0,Y>0and forX<0,Y
< 0 and

signXY = -1 for X> 0,Y<O0andfor X<0,Y
> 0.

A cathode ray tube as claimed in Claim 1,
characterized in that for each line having a
constant Y-value it holds that:

3z/_Y = A1, A2 and Az for X = 0, 1 and 0.5,
respectively, where (Ar-As)/(A1-Az) < 0.1.

A cathode ray tube as claimed in Claim 1 or 2,
characterized in that for each line having a
constant X-value it holds that:

3z/dX = By, Bz and Bz for Y = 0, 1 and 0.5,
respectively, where (B1-B3)/(B1-B2) < 0.1.

A cathode ray tube comprising a display win-
dow having a curved substantially rectangular
inside surface with a long axis and a short axis,
characterized in that the outside surface of the
display window is given by:

z = f(X,Y)

where X is the x-coordinate divided by half the
length of the long axis, Y is the y-coordinate
divided by half the length of the short axis, and
each point which is situated off the long axis
and short axis complies with the formula

V(Zxx2Zyy) < 2y /signXY < 0
where

Zy = d22I0K?, zyy = 322/0Y? and z,, = d%z/-
(dX3Y),

signXY = +1for X>0,Y > 0 and for X<0,Y
< 0 and

signXY = -1 for X> 0,Y<O0andfor X<0,Y
> 0.

A cathode ray tube as claimed in Claim 4,
characterized in that for each line having a
constant Y-value it holds that:
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d3zY = A1, A2 and Az for X = 0, 1 and 0.5,
respectively, where (Ar-As)/(A1-Az) < 0.1.

A cathode ray tube as claimed in Claim 4 or 5,
characterized in that for each line having a
constant X-value it holds that:

3z/dX = By, Bz and Bz for Y = 0, 1 and 0.5,
respectively, where (B1-B3)/(B1-B2) < 0.1.

A cathode ray tube as claimed in Claim 4, said
cathode ray tube comprising a shadow mask,
characterized in that for each line having a
constant Y-value it holds that:

3z/_Y = A1, A2 and Az for X = 0, 1 and 0.5,
respectively, where the maximum value of (A;-
Az)/(A1-Az) ranges between 0.1 and 0.2.

A cathode ray tube as claimed in Claim 4 or 7,
said cathode ray tube comprising a shadow
mask, characterized in that for each line having
a constant X-value it holds that:

9z/3X = By, B and Bs for Y = 0, 1 and 0.5,
respectively, where the maximum value of (B;-
Bs)/(B1-B2) ranges between 0.1 and 0.2.
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