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A color picture tube includes an electron gun for generating and directing
three electron beams to the screen of the tube. The screen is located on the inner
15 surface of a faceplate of the tube and is made up of an array of elements of three -
different color emitting phosphors. A color selection electrode, which may be either a
shadow mask or a focus mask, is interposed between the gun and the screen to
permit each electron beam to strike only the phosphor elements associated with that
beam. A shadow mask is a thin sheet of metal, such as steel, that is usually
20 contoured to somewhat parallel the inner surface of the tube faceplate.

One type of color picture tube has a tensioned mask mounted within a
faceplate panel thereof. In orderto maintain the tension on the mask, the mask must
be attached to a relatively massive support frame. Although such tubes have found
wide consumer acceptance, there is still a need for further improvement, to reduce

25  the weight and cost of the mask-frame assemblies in such tubes.

It has been suggested that a lighter frame could be used in a tensioned mask
tube if the required tension on a mask is reduced. One way to reduce the required
mask tension is to make the mask from a material having a low coefficient of thermal
expansion. However, a mask from such material would require a support frame of a

30 material having a similar coefficient of thermal expansion, to prevent any mismatch
of expansions during thermal processing that is required for tube manufacturing, and
during tube operation. Because the metal materials that have low coefficients of
thermal expansion, such as Invar, are relatively expensive, it is rather costly to make
both the mask and frame out of identical or similar low expansion materials.
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15 frame in the normal operating temperature range of said tube, and expands
substantially the same per unit length as said frame in the higher thermal cycling
temperature range used during of tube processing.

Brief Description Of The Drawings

20 In the drawings:

FIGURE 1 is a side view, partly in axial section, of a color picture tube
embodying the invention.

FIGURE 2 is a perspective view of a tension mask-frame assembly.

FIGURE 3 is a partial perspective view of the mask-frame assembly of

25 FIGURE2.

FIGURE 4 is a graph showing the thermal expansion of five materials in the
normal tube operation temperature range.

FIGURE 5 is a graph showing the thermal expansion of five materials in the
tube processing temperature range.

30 FIGURE 6 is a graph showing thermal stress versus temperature for three
different Fe-Ni materials, and showing the elastic limit for an iron-nickel alloy both
longitudinally and transversely to the rolling direction of an iron-nickel alloy sheet.

Detailed Description Of The Preferred Embodiments
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15 The tube 10 is designed to be used with an external magnetic deflection yoke,
such as the yoke 30 shown in the neighborhood of the funnel-to-neck junction.
When activated, the yoke 30 subjects the three beams to magnetic fields which
cause the beams to scan horizontally and vertically in a rectangular raster over the
screen 22.

20 The tensioned mask 24, as shown in FIGURES 2 and 3, is attached to a
peripheral frame 28 that includes two long sides 32 and 34, and two short sides 36
and 38. The two long sides 32 and 34 of the frame parallel a central major axis, X, of
the tube: and the two short sides 36 and 38 parallel a central minor axis, Y, of the
tube. The tensioned mask 24 includes an apertured portion that contains a plurality

25  of metal strips 39 having a multiplicity of elongated slits 41 therebetween that parallel
the minor axis of the mask. Each slit 41 extends between the two long sides 32 and
34 of the mask 24.

As shown in greater detail in FIGURE 3, each of the two long sides 32 and 34
(not shown) of the frame 28 is formed by two perpendicular flanges 40 and 42, that

30 are arranged in an L-shaped cross-section. The flange 40, to which the mask 24 is

attached, may vary in height from the center of each section longitudinally to the
ends of the sections to permit the best tension compliance over the mask. Each of
the short sides 36 and 38 (not shown) has an L-shaped cross-section upper portion.
Although the frame of the preferred embodiment is shown having L-shaped cross-
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15 temperature range of 410° C to 500° C. It can be seen that the expansions of both
the 32.5% Ni and 32.1% Ni alloys are very close to that of the carbon steel in the
tube processing range, whersas the expansions of the 42% Ni alloy and the 36%
Invar differ greatly from the expansion of the carbon steel in this processing range.

From this analysis, it is found that the 32.5% Ni alloy, by its thermal expansion

20 behavior, almost matches the best characteristics of Invar (36% Ni alloy) in the
normal operating range, thereby providing low expansions in this normal operating
range. However, in the range of the thermal processing range, where a great
expansion mismatch occurs with an Invar mask and steel frame combination, the
expansion of a 32.1% Ni alloy mask nearly matches the expansion of a carbon steel

25 frame and that the expansion of the 32.5%:Ni alloy is very close to the carbon steel
expansion. From this analysis, it was determined that the 32.5% Ni alloy provides
the best material for a tension mask used with a carbon steel frame, but that other
mask alloys within a range of 31% Ni to 33% Ni could provide adequate compliance
between mask and steel frame, while also providing adequate thermal expansion

30 control

The graph of Figure 6 shows a comparison of the stress produced in a

tensioned mask made from alloys with 36% Ni (Invar), 32.1% Ni, and 32.5 % that
were attached to a rigid steel frame, as well as the elastic limits, transverse and
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It is generally preferred to use a frame of a first material having a first average
coefficient of thermal expansion at a first temperature and a second average
20 coefficient of thermal expansion at a second temperature. The second temperature
is substantially higher than the first temperature. With such a frame the mask is of a
second material having a third average coefficient of thermal expansion at the first
temperature that is substantially less than is the first average coefficient of the first
material (e.g., about 25% to 50% less). The second material has a fourth average
25 coefficient of thermal expansion at the second temperature that is relatively close to
the second average coefficient of the first material (e.g., within about 95% to 105%).
In one embodiment, the first average coefficient of thermal expansion is
approximately 12 x 10°m/m/K, the second average coefficient of thermal expansion
is approximately 14 x 10°m/m/K, the third average coefficient of
30 thermal expansion is approximately 3 to 6 x 10°m/m/K and the fourth average
coefficient of thermal expansion is approximately 14 x 10°m/m/K.
in another preferred embodiment, the four sides of the frame have L-shaped
cross-sections, preferably of 4130 steel having a wall thickness of 0.175 cm. The
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I n anot her preferred enbodi nent, the four sides of the frame have L-shaped
cross-sections, preferably of 4130 steel having a wall thickness of 0.175
cm The 2 5 JUL 2006 WD 03/079395 PCT/ US03/ 05091 6 4130 steel is an alloy
steel. Alloy steel, as used herein, includes: |owalloy steel, which has
an alloy content of less than or equal to 8% and high-strength | ow al |l oys,
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i ncl udi ng saB2l5fr@f%. bei ng a carbon or alloy steel having a first average
coefficient of 20 thermal expansion at a first tenperature and a second
average coefficient of thermal expansion at a second tenperature, said
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and said mask being of a nic having a third average_ coefficient of
t her mal of said tube is 25° C to 120° C degrees centigrade and the thermal cycling temperature

15 range of said tube during tube processing is 410° C to 500° C.

4, A color picture tube having a tensioned mask supported by a support frame
mounted within said tube, including
said frame being a carbon or alloy steel having a first average coefficient of
20  thermal expansion at a first temperature and a second average coefficient of thermal
expansion at a second temperature, said second temperature being substantially higher
than said first temperature, and
said mask being of a nickel alloy having a third average coefficient of thermal
expansion at said first temperature that is substantially less than said first average
25  coefficient of said frame, and said mask having a fourth average coefficient of thermal
expansion at said second temperature that is relatively close to said second average

coefficient of said frame.

5. The tube as defined in claim 4 wherein said third average coefficient is about 25
30 to 50% that of the first average coefficient and said fourth average coefficient is about

95% to 105% that of said second average coefficient.
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substantially the sane unit |eng as the carbon or oy steel in the
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material is about %
10 constructed of a nickel alloy having a nickel content of from about 32% to about 33%,

wherein the nickel alloy expands substantially the same per unit length as the
carbon or alloy steel in the higher thermal cycling temperature range used during tube

processing.

15 8. The tube as defined in claim 7, wherein the nickel content of the mask material

is about 32.5%.
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