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This invention relates to color picture tubes of the type
having a shadow mask attached to a peripheral frame which is
suspended in relation to a cathodoluminescent screen and,
particularly, to improved means for connecting a shadow mask,
constructed of a first material, to a frame, constructed of a second
material, wherein the first and second materials have
substantially different coefficients of thermal expansion.

In most current color picture tube types, a peripheral steel
frame supporting a steel shadow mask is suspended in a faceplate
panel by means of springs that are welded either directly to the
frame or to plates which in turn are welded to the frame. In the
directly welded version, the springs are usually made of
bimetallic materials; and in the plate version, the plates are
bimetallic. As the springs or plates become heated by transfer of
heat from the mask through the frame, the bimetallic materials
expand differently, thereby bending the springs or plates to cause
movement of the mask-frame assembly toward a screen disposed
on the panel. However, in tubes having shadow masks made from
materials having low coefficients of thermal expansion, such as
Invar, there is very little expansion of the masks during tube
operation. Because of the low expansion of Invar shadow masks,
the bimetallic support springs and/or bimetallic plates are not
necessary. However, because of cost factors, the support frames
usually are not made from low expansion materials, thus creating
a problem caused by the difference in expansion of the different
materials forming the mask and frame. '

A shadow mask includes a central apertured portion,
through which electron beams pass, and a peripheral skirt portion
that surrounds the apertured portion. In a color picture tube
wherein a shadow mask of low expansion material, such as Invar,
is used with a steel mask support frame, the difference in thermal
expansion between the mask and the frame causes the mask skirt
to move outwardly relative to the rest of the mask when the
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frame and mask temperatures are elevated. Temperature

elevations occur both during tube operation and during tube

processing. Tube processing temperatures exceed 400°C and can
cause the mask to be permanently distorted. The relative
movement that occurs within the mask takes place in the region
where the skirt is in contact with the frame, although the two may
not be attached. The effect of the skirt motion caused by contact
with the frame is local and may not extend more than 3 cm from
the point of contact; however, the contact can cause a localized
change in the contoured surface of the mask, which in turn causes
misalignment between the mask apertures and their
corresponding phosphor stripes or dots of the screen. The
appearance of the misalignment is similar to that of a small dent
in the shadow mask. The magnitude of the apparent dent is
dependent upon skirt length and mask contour, among other
factors. Flatter mask contours are more susceptible to this
occurrence than are more curved contours.

The present invention provides an improvement in the
shadow mask-to-frame connection where the shadow mask is
constructed of a first material, the frame is constructed of a
second material, and the first and second materials have
substantiaily different coefficients of thermal expansion.

In accordance with the invention, an improved color picture
tube includes an evacuated glass envelope having a rectangular
faceplate panel. The panel includes a shadow mask assembly
mounted therein. The shadow mask assembly includes a shadow
mask that is formed from a first metal having a first coefficient of
thermal expansion, and a frame that is formed from a second
metal having a second coefficient of thermal expansion. The first
coefficient of thermal expansion is substantially lower than the
second coefficient of thermal expansion. The improvement
comprises the shadow mask being interconnected with the frame
by a plurality of bimetallic elements, each of the elements having
a first end attached to the frame and a second end attached to the
mask. Each bimetallic element is formed of materials that cause a
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bending of the element of an amount related to the thermal
expansion of the frame.

In the drawings:

FIGURE 1 is an axially sectioned side view of a color picture
tube embodying the present invention.

FIGURE 2 is a bottom view of a quadrant of the faceplate
panel and mask-frame assembly of the tube of FIGURE 1.

FIGURE 3 is a cross-sectional view of a side of the shadow
mask-frame assembly of FIGURE 2.

FIGURE 1 shows a rectangular color picture tube 8 having a
glass envelope 10, comprising a rectangular faceplate panel 12
and a tubular neck 14 connected by a rectangular funnel 16. The
panel 12 comprises a viewing faceplate 18 and a peripheral flange
or sidewall 20 sealed to the funnel 16. The faceplate panel 12
includes two orthogonal axes: a major axis X, parallel to its wider
dimension (usually horizontal), and a minor axis Y, parallel to its
narrower dimension (usually vertical). The major and minor axes
are perpendicular to a central longitudinal axis Z of the tube which
passes through the center of the neck 14 and the center of the
panel 12. A mosaic three-color phosphor screen 22 is carried by
the inner surface of the faceplate 18. The screen preferably is a
line screen with the phosphor lines extending substantially
paraliel to the minor axis Y. Alternatively, the screen may be a
dot screen. A multiapertured color selection electrode or shadow
mask 24 is removably mounted, by improved means, in
predetermined spaced relation to the screen 22. An electron gun
26 is centrally mounted within the neck 14, to generate and direct
three electron beams along convergent paths through the mask 24
to the screen 22.

The tube of FIGURE 1 is designed to be used with an
external magnetic deflection yoke, such as the yoke 28, located in
the vicinity of the funnel-to-neck junction. When activated, the
yoke 28 subjects the three beams to magnetic fields which cause
the beams to scan horizontally and vertically in a rectangular
raster over the screen 22.
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The shadow mask 24 is part of a mask-frame assembly 30
that also includes a peripheral frame 32. The mask-frame
assembly 30 is shown mounted within the faceplate panel 12 by
means of spring supports 34 in FIGURES 1 and 2 and is shown in
cross-section also in FIGURE 3.

The frame 32 includes two substantially perpendicular
flanges, a first flange 36 and a second flange 38, in an L-shaped
cross-sectional configuration. The first flange 36 extends from the
second flange 38 in a direction toward the screen 22. The second

10 flange 38 extends from the first flange 36 in a direction toward
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the central longitudinal axis Z of the tube 8. The four corners 42
of the frame 32 are truncated, being angled approximately
perpendicularly to the diagonal directions of the frame.
Alternatively, the present invention may also be applied to a tube
having on-axis or off-corner mask-frame assembly spring
supports. ,

The shadow mask 24 includes a curved apertured portion
40, an imperforate border portion 43 surrounding the apertured
portion 40, and a skirt portion 44 bent back from the border
portion 42 and extending away from the screen 22. The mask 24
is telescoped within, i.e., set inside, the frame 32 and is
interconnected - to the frame 32 by means of bimetallic. elements
46.

In a preferred embodiment, the shadow mask 24 is
constructed from the iron-nickel material Invar and the mask is
constructed from steel. The coefficient of thermal expansion of
Invar is much lower than is the coefficient of thermal expansion
of steel. By placing laminated bimetallic elements 46 between an
Invar shadow mask and a steel support frame, the effective
difference in expansion between the mask and frame can be
nullified. Each bimetallic element 46 has a first end 48 attached
to the distal end of the vertical first flange 36 of the frame 32,
and a second end 50 attached to the distal end of the mask skirt
portion 44. The lower expansion side 52 of the bimetallic element
46 faces the mask skirt portion 44. As the temperatures of the
mask, the bimetallic elements and the frame increase, the frame
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moves away from the mask, but the bimetallic elements bend to
move the ends of the elements attached to the mask away from
the frame. This bending prevents excess force on the mask skirt
which may result in at least a temporary denting of the mask,
while it maintains the position of the mask within the faceplate
panel.

Although the bimetallic elements can be applied at several
locations along each side of the mask and frame, it is usually
necessary to apply them only at the ends of the major axis. The
design of the bimetallic elements may be varied by changing their
thicknesses and material constituents. Ideally, the materials
selected should cause a bending of the bimetallic element of an
amount that is related to the thermal expansion of the frame, so
as to prevent distortion of the mask skirt and to substantially
maintain at least the horizontal position of the shadow mask
relative to the panel when the frame is subjected to thermal
expansion. In one embodiment, the formed dimensions of the
bimetallic elements are 19 mm by 28.5 mm by 1 mm thick, and
the elements consist of two materials of equal thickness. One of
these bimetal materials is composed of 36% Ni and 64% Fe, and
the other bimetal material is composed of 22% Ni, 3% Cr and 75%
Fe. The bimetallic element also includes an offset of about 0.5 mm
near the end that is attached to the frame, so that the bimetallic
action is not impeded by uncontrolled contact with the frame.

When the bimetallic elements 46 are used with an Invar
mask, it is preferred to make the sides 52 of the elements that
contact the mask also from Invar, so that there will be no
mismatch between them. This is desirable because, although
Invar has a relatively low expansion rate up to about 200°0C, its
expansion rate above 2000C is much higher, approaching that of
iron. Because processing steps raise the temperature of a tube to
about 4000C, elimination of any mismatch of materials prevents
distortions or fractures of the attachment between the elements
and the mask.
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LAIMS

1. A color picture tube including an evacuated glass
envelope having a rectangular faceplate panel, wherein the panel
includes a shadow mask assembly mounted therein and the
shadow mask assembly includes a shadow mask that is formed
from a first metal having a first coefficient of thermal expansion
and a frame formed from a second metal having a second
coefficient of thermal expansion, the first coefficient of thermal
expansion being substantially lower than the second coefficient of
thermal expansion, wherein

said shadow mask is interconnected with said frame by a
plurality of bimetallic elements, each of said elements having a
first end attached to said frame and a second end attached to said
mask, each bimetallic element being formed of materials that

cause a bending of said element an amount related to the thermal
expansion of said frame.

2. The tube as defined in claim 1, wherein the materials
forming said bimetallic elements include two materials having
different coefficients of thermal expansion, with the material
having the higher coefficient of thermal expansion being in
contact with said frame and the material having the lower
coefficient of thermal expansion being in contact with said mask.

3. The tube as defined in claim 2, wherein the material
forming said mask and the lower expansion material of said
bimetallic elements are the same material.

4. The tube as defined in claim 3, wherein said mask and
the lower expansion sides of said bimetallic elements are of the
nickel-iron material Invar.

5. The tube as defined in claim 1, wherein said shadow
mask is positioned within said frame, and each bimetallic element
is formed of materials that cause a bending of said element
inwardly toward said mask.
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6.  The tube as defined in claim 5, wherein said shadow
mask includes a peripheral skirt portion surrounding an
apertured portion of said mask, and the materials of each
bimetallic element are selected to prevent distortion of said mask
skirt when said frame is subjected to thermal expansion.

7.  The tube as defined in claim 5, wherein said shadow
mask includes a peripheral skirt portion surrounding an
apertured portion of said mask, the frame includes two
perpendicular flanges, and said first ends of said elements are
attached to a distal end of one of said flanges and the second ends
of said elements are attached to a distal end of said skirt portion.
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