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Description

[0001] This invention relates generally to tensioned
foil color cathode ray tubes, and more particularly to a
tensioned foil shadow mask formed from an improved
alloy as well as to a process for the manufacture of such
tubes, including the heat treating of nickel-iron alloys to
provide a desired combination of mechanical and mag-
netic properties necessary for effective operation of ten-
sioned foil shadow masks. Also disclosed is a front as-
sembly containing such a mask.
[0002] Cathode ray tubes having flat faceplates and
correspondingly flat tensioned foil shadow masks are
known to provide many advantages over conventional
cathode ray tubes having a curved faceplate and a
curved shadow mask. A chief advantage of a flat face-
plate cathode ray tube with tensioned mask is a greater
electron beam power-handling capability, a capability
which can provide greater picture brightness. The pow-
er-handling capability of tubes having the conventional
curved mask is limited due to the thickness of the mask
(5 to 7 mils), and the fact that it is not mounted under
tension. As a result, the mask tends to expand or "dome"
in picture areas of high brightness where the intensity
of electron beam bombardment, and consequently the
heat, is greatest. Color impurities result when the mask
expands toward the faceplate and the beam-passing
apertures in the mask move out of registration with their
associated phosphor dots or lines on the faceplate.
[0003] A tensioned foil mask when heated acts in a
manner quite different from a curved, untensioned
mask. For example, if the entire mask is heated uniform-
ly, the mask expands and relaxes the tension. The mask
remains planar and there is no doming and no distortion
until the mask has expanded to the point that tension is
completely lost. Just before all tension is lost, wrinkling
may occur in the corners. When small areas of a ten-
sioned foil mask are differentially heated, the heated ar-
eas expand and the unheated areas correspondingly
contract, resulting in only small displacements within the
plane of the mask. However, the mask remains planar
and properly spaced from the faceplate and, conse-
quently, any color impurities are unnoticeable.
[0004] The mask must be supported in tension in or-
der to maintain the mask in a planar state during oper-
ation of the cathode ray tube. The amount of tension
required will depend upon how much the mask material
expands upon heating during operation of the cathode
ray tube. Materials with very low thermal coefficients of
expansion need only a low tension. Generally, however,
the tension should be as high as possible because the
higher the tension, the greater the heat incurred, and
the greater the electron beam current that can be han-
dled. There is a limit to mask tension, however, as too
great a tension can cause the mask to tear.
[0005] The foil mask may be tensioned in accordance
with known practices. A convenient method is to ther-
mally expand the mask by means of heated platens ap-

plied to both sides of the foil mask. The expanded mask
is then clamped in a fixture and, upon cooling, remains
under tension. The mask may also be expanded by ex-
posure to infrared radiation, by electrical resistance
heating, or by stretching through the application of me-
chanical forces to its edges.
[0006] In addition to having the composition as de-
scribed herein, after heat treatment and slow cooling ac-
cording to the invention, a foil formed from the alloys will
have a unique combination of mechanical, thermal and
magnetic properties that makes it uniquely suited for use
as a tensioned foil shadow mask. The alloy, in as-cast
or in treated form, must have adequate ductility to permit
it to be hot or cold rolled to a foil having a thickness of
less than 2 mils, preferably to a thickness of 1 mil, or
even as thin as 0.5 mil. A 1 mil thick foil when rolled will
typically have a reduction in area of at least 0.8 percent
and preferably at least 1.0 percent elongation. To with-
stand the forces incident to the tensing operation, the
mask material should have a yield strength above about
80 ksi and preferably above about 100 ksi (0.2 percent
offset). The mask material should also be able to with-
stand a tension load of at least about 25 Newton/cen-
timeter, preferably at least about 65 Newton/centimeter.
The mask material should also have a thermal coeffi-
cient of expansion that is not substantially less than that
of the glass of the faceplate.
[0007] In addition to the mechanical properties de-
scribed, the mask material must have a particular com-
bination of magnetic properties. In this connection, it is
important that the mask material have as high a perme-
ability as is possible while maintaining the necessary
mechanical properties. The permeability should be at
least about 6,000, preferably at least about 10,000, and
most desirably in excess of 60,000. A maximum coer-
civity is desirably below about 1.0 oersted and prefera-
bly is below about 0.5 oersted.
[0008] It is well known in the manufacture of standard
color cathode ray tubes of the curved-mask, curved-
screen type to heat-treat the shadow masks prior to their
being formed into a domed shape. Conventional (non-
tensioned) shadow masks are typically delivered to
cathode ray tube manufacturers in a work-hardened
state due to the multiple rolling operations which are per-
formed on the steel to reduce it to the specified thick-
ness, typically about 6 mils. In order that the masks may
be stamped into a domed shape, they must be softened
by use of an annealing heat treatment--typically to tem-
peratures on the order of 700-800 degrees C. Annealing
also enhances the magnetic coercivity of the masks, a
desirable property from the standpoint of magnetic
shielding of the electron beams. After stamping, and the
consequent moderate work hardening of the mask
which may result from the stamping operation, it is
known in the prior art to again anneal the masks while
in their domed shape to further enhance their magnetic
shielding properties.
[0009] Foils intended for use as tensioned masks are

1 2



EP 0 410 965 B1

3

5

10

15

20

25

30

35

40

45

50

55

also delivered in a hardened state--in fact, much harder
than standard masks in order to provide the very high
tensile strength needed to sustain the necessary high
tension levels; for example, 30,000 psi, or greater. The
prior art annealing process, with its relatively high an-
nealing temperatures, would be absolutely unaccepta-
ble if applied to flat tension masks, as any extensive sof-
tening or reduction of tensile strength of the mask re-
sulting from the process would make the material un-
suited for use as a tension mask.
[0010] GB-A-2 183 903 discloses a process of man-
ufacture of a foil shadow mask and a cathode ray tube
including the foil shadow mask. The cathode ray tube
includes a flat faceplate and the foil shadow mask
mounted thereon in tension, the mask being formed
from an iron alloy comprising between 41,0 and 43,5%
nickel. The alloy has a coefficient of expansion that is
not less than about that of the faceplate of the cathode
ray tube.
[0011] U.S. Patent No. 4,210,843 to Avedani, sets
forth an improved method of making a conventional
color cathode ray tube shadow mask; that is, a curved
shadow mask having a thickness of about 6 mils, and
designed for use with a correlatively curved faceplate.
The method comprises providing a plurality of shadow
mask blanks composed of an interstitial-free steel, each
with a pattern of apertures photo-etched therein, which
blanks have been cut from a foil of steel, precision cold-
rolled to a full hard condition, and with a thickness of
from 6 to 8 mils. A stack of blanks is subjected to a lim-
ited annealing operation carried out at a relatively low
maximum temperature, and for a relatively brief period
sufficient only to achieve recrystallization of the material
without causing significant grain growth. Each blank is
clamped and drawn to form a dished shadow mask with-
out the imposition of vibration or roller leveling opera-
tions, and thus avoids undesired creasing, roller mark-
ing, denting, tearing or work-hardening of the blank nor-
mally associated with these operations. The end-prod-
uct shadow mask, due to the use of the interstitial free
steel material, has an aperture pattern of improved def-
inition as a result of more uniform stretching of the mask
blank. The annealing operation has little effect on the
magnetic properties of this type of steel, and the coer-
civity of the material, after forming, is above 2.0 oer-
steds.
[0012] Prior to the present invention, there was no foil
mask material available having the desired combination
of mechanical and magnetic properties described here-
in. One material used in tensioned foil shadow mask ap-
plications in flat faceplate cathode ray tubes has been
aluminum-killed, AISI 1005 cold-rolled capped steel,
generally referred to as "AK-steel." AK steel, has a com-
position of 0.04 percent silicon, 0.16 percent manga-
nese, 0.028 percent carbon, 0.020 percent phosphorus,
0.018 percent sulfur, and 0.04 percent aluminum, with
the balance iron and incidental impurities.
[0013] (Throughout the specification and claims, all

percentages are considered weight-percentages, un-
less otherwise indicated.)
[0014] Invar, which has a nominal composition of 36
percent nickel, balance iron, has also been suggested
as a possible material for tensioned foil shadow masks.
Invar however has a thermal coefficient of expansion far
lower than that of the glass commonly used cathode ray
tube faceplates and so is considered generally unac-
ceptable.
[0015] AK steel, while it can be formed into a fairly
acceptable foil shadow mask, is deficient in certain im-
portant properties. For example, the yield strength of AK
steel foil one mil thick is typically in the range of 75-80
ksi. This makes it only marginally acceptable from a
strength standpoint. More importantly, AK steel has a
permeability that is much lower than desired, for exam-
ple, 5,000 in a 1 mil foil. Since the ability of a material
to carry magnetic flux decreases with decreasing cross-
section, cathode ray tubes having masks made of AK
steel thinner than about 1 mil may require both internal
and external magnetic shielding. With internal shielding
only, the beam landing misregistration due to the earth's
magnetic field, i.e. the change in beam landing position
upon reversal of the axial field component, is typically
1.7 mils, which is much greater than the maximum of
about 1 mil that is generally considered tolerable.
[0016] In addition, AK steel is metallurgically dirty,
having inclusions, defects and dislocations which inter-
fere with both the foil rolling process and the photo resist
etching of the apertures in the foil resulting in higher
scrap rates and consequently lower yields.
[0017] Another significant disadvantage of an AK
steel tensioned foil shadow mask is the fact that as the
tension applied is increased, the permeability decreas-
es and coercivity increases. Translated into picture per-
formance, this means that as the tension of the AK-steel
foil shadow mask is increased in order to permit in-
creased beam current and, therefore, greater picture
brightness, its ability to shield the electron beams from
the earth's magnetic field deteriorates, resulting in in-
creased beam misregistration.
[0018] Finally, AK steel rusts and thus requires great-
er care in storage and possibly the application of rust
inhibitors. If rust does appear, it must be removed in a
separate production operation, and without altering the
size or shape of the apertures, or the thickness of the
mask material.
[0019] In general, the invention aims to provide an im-
proved shadow mask material for use in color cathode
ray tubes having a tensioned foil shadow mask.
[0020] According to a first aspect of this invention
there is provided a cathode ray tube as claimed in claim
1 herein.
[0021] Another general aspect of the invention is to
provide an improved process for manufacturing cathode
ray tubes containing tensioned foil masks having im-
proved mechanical and magnetic properties.
[0022] According to a second aspect of this invention
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there is provided a process as claimed in claim 8 herein.
[0023] Further features and advantages of the
present invention may best be understood by reference
to the following description of preferred embodiments of
the invention taken in conjunction with the accompany-
ing drawings (not to scale), in the several figures of
which like reference numerals identify like elements,
and in which:

Figure 1 is a side view in perspective of a color cath-
ode ray tube having a flat faceplate and a tensioned
foil shadow mask, with cut-away sections that indi-
cate the location and relation of the faceplate and
tensioned foil shadow mask to other major tube
components;
Figure 2 is a plan view of an in-process foil shadow
mask;
Figure 3 is a plan view of an in-process flat glass
faceplate showing a phosphor screening area and
a foil shadow mask support structure secured there-
to;
Figure 4 is a perspective view of a funnel referenc-
ing and fritting fixture, with a funnel and the face-
plate to which it is to be attached shown as being
mounted on the fixture; and
Figure 5 is partial detail view in section and in ele-
vation depicting the attachment of a funnel to a face-
plate.

[0024] To facilitate understanding of the process and
material according to the invention and their relation to
the manufacture of a color cathode ray tube having a
tensioned foil shadow mask, a brief description of a tube
of this type and its major components is offered in the
following paragraphs.
[0025] A color cathode ray tube 20 having a tensioned
foil shadow mask is depicted in Figure 1. The faceplate
assembly 22 essentially comprises a flat faceplate and
a tensioned flat foil shadow mask mounted adjacent
thereto. Faceplate 24, indicated as being rectangular, is
shown as having on its inner surface 26 a centrally lo-
cated phosphor screen 28 depicted diagrammatically as
having a pattern of phosphors thereon. A film of alumi-
num 30 is indicated as covering the pattern of phos-
phors. A funnel 34 is represented as being attached to
faceplate assembly 22 at their interfaces 35, the funnel
sealing surface 36 of faceplate 24 is indicated as being
peripheral to screen 28. A frame-like shadow mask sup-
port structure 48 is indicated as being located on op-
posed sides of the screen between funnel sealing sur-
face 36 and screen 28, and mounted adjacent to face-
plate 24. Support structure 48 provides a surface for re-
ceiving and mounting in tension a metal foil shadow
mask 50 a Q-distance away from the screen 28. The
pattern of phosphors corresponds to the pattern of ap-
ertures in mask 50. The apertures depicted are greatly
exaggerated for purposes of illustration, in a high-reso-
lution color tube for example, the mask has as as many

as such 750,000 apertures, with aperture diameter be-
ing on the average about 5 mils. As is well-known in the
art, the foil shadow mask acts as a color-selection elec-
trode, or "parallax barrier" which ensures that each of
the beamlets formed by the three beams lands only on
its assigned phosphor deposits on the screen.
[0026] The anterior-posterior axis of tube 20 is indi-
cated by reference number 56. A magnetic shield 58 is
shown as being enclosed within funnel 34. High voltage
for tube operation is indicated as being applied to a con-
ductive coating 60 on the inner surface of funnel 34 by
way of an anode button 62 connected in turn to a high-
voltage conductor 64.
[0027] The neck 66 of tube 20 is represented as en-
closing an in-line electron gun 68 depicted as providing
three discrete in-line electron beams 70, 72, and 74 for
exciting respective red-light-emitting, green-light-emit-
ting, and blue-light-emitting phosphor elements depos-
ited on screen 28. Yoke 76 receives scanning signals
and provides for the scanning of beams 70, 72 and 74
across screen 28. An electrical conductor 78 is located
in an opening in shield 58 and is in contact with conduc-
tive coating 60 to provide a high-voltage connection be-
tween the coating 60, the screen 28, and shadow mask
50.
[0028] Two of the major components, designated as
being "in-process," are depicted and described as fol-
lows. One is a shadow mask indicated diagrammatically
in Figure 2. In-process shadow mask 86 includes a cen-
tral area 104 of apertures corresponding to the pattern
of phosphors that is photo-deposited on the screen of
the faceplate by using the mask as an optical stencil.
Center field 104 is indicated as being surrounded by an
unperforated section 106, the periphery of which is en-
gaged by a tensing frame during the mask tensing and
clamping process, and which is removed in a later pro-
cedure.
[0029] An in-process faceplate 108 is depicted dia-
grammatically in Figure 3 as having on its inner surface
110 a centrally located screening area 112 for receiving
a predetermined phosphor pattern in an ensuing oper-
ation. A funnel sealing surface 113 is indicated as being
peripheral to screen 112. A frame-like shadow mask
support structure 114 is depicted as being secured on
opposed sides of screen 112, the structure provides a
surface 115 for receiving and mounting a foil shadow
mask under tension a Q-distance from the screen.
[0030] A process according to one aspect of the in-
vention essentially comprises providing an apertured
foil shadow mask 86 characterized by being composed
of a nickel-iron alloy, and securing the mask 86 to the
mask-support structure 114 of the faceplate 108 while
under tension, and in registration with the phosphor
screen. The process is further characterized by subject-
ing the mask 86 to a thermal cycle to partially anneal the
mask to a state in which the mask has favorable mag-
netic and mechanical properties.
[0031] According to the present invention, a class of
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nickel-iron alloys, desirably containing minor additions
of certain alloying agents, when heat-treated and cooled
under controlled conditions, yield a material which,
when fabricated into a thin foil, have mechanical and
magnetic properties not found in known alloys that make
them uniquely suited for use as tensioned foil shadow
masks.
[0032] The desired properties achieved by the inven-
tive process are as follows: The alloy foil should have a
yield strength (0.2 percent offset) of at least about 80
ksi, preferably at least about 100 ksi and most desirably
at least about 150 ksi in order to be able to withstand
the tension loading applied to the foil when used as a
tensioned foil shadow mask. This yield strength should
be combined with the magnetic properties of high per-
meability and low coercivity. The permeability should be
in excess of about 6,000 preferably in excess of about
10,000 and most desirably in excess of 100,000. The
coercivity should not exceed about 2.5 oersteds, and is
preferably below about 0.5 oersted.
[0033] A specific example of an alloy responsive to
the heat treatment according to the invention, and fab-
rication into a tensioned foil shadow mask, is the known
nickel-iron-molybdenum alloy sold under the trade-
names HyMu80,YeP-C, and Moly-Permalloy. This alloy
contains about 80 percent nickel, 4 percent molybde-
num, with balance iron and incidental impurities. In the
as-rolled, fully hardened condition, and 80Ni-4Mo-Fe
foil has a high yield strength, typically 155-160 ksi, but
poor magnetic properties, e.g., a permeability of less
than 3,000. To impart good magnetic properties, as for
use in tape recorder heads, the material is convention-
ally annealed at 1120 degrees C. for two to four hours
followed by furnace cooling to 600 degrees C. The fully
annealed alloy foil has excellent magnetic properties but
poor mechanical properties. The permeability may be
as high as 300,000. However, the yield strength is in the
range of 20-40 ksi, making this alloy, when fully an-
nealed, clearly unsuited for use as a tensioned foil shad-
ow mask.
[0034] However, when the 80Ni-4Mo-Fe alloy foil is
partially annealed according to the inventive process, it
unexpectedly displays properties which make it superior
as a material for the fabrication of tensioned foil shadow
masks. As a result of this cycle of heating and cooling
according to the invention, the mechanical properties of
the alloy are substantially retained while its magnetic
properties are improved to a degree necessary for use
as a foil shadow mask.
[0035] Surprisingly, it has been found that the mag-
netic properties of the 80Ni-4Mo-Fe foil, when treated
in accordance with this invention, actually improve, and
improve very significantly, when the foil is placed under
tension. For example, after heat treating and condition-
ing according to the invention, an untensioned 80Ni-
4Mo-Fe foil having a thickness of 1 mil has a permea-
bility of 60,000. When that same foil is placed under a
tension of about 60 Newton/centimeter, its permeability

is increased to 100,000. It is to be noted that the same
material exhibits no significant permeability change un-
der tension when in its conventional full hard state. As
a result of the increased permeability, the amount of
beam misregistration due to the earth's magnetic field
of an 80Ni-4Mo-Fe foil 1 mil thick, when processed ac-
cording to the invention, is far less than that of an AK-
steel foil of 1 mil thickness.
[0036] With regard to the alloy composition, a nickel-
iron alloy is provided comprising between about 30 and
about 85 weight-percent of nickel, between about 0 and
5 weight-percent of molybdenum, between 0 and 2
weight-percent of one or more of vanadium, titanium,
hafnium, and niobium, with the balance iron and inci-
dental impurities; e.g., carbon, chromium, silicon, sulfur,
copper and manganese. Typically, the incidental impu-
rities combined do not exceed 1.0 percent. Preferably,
the alloy may comprise between about 75 and 85
weight-percent of nickel, between about 3 and 5 weight-
percent of molybdenum, with the balance iron and inci-
dental impurities. In one specific example, the alloy may
comprise about 80 weight-percent nickel, about 4
weight-percent molybdenum, with the balance iron and
incidental impurities.
[0037] A partial anneal of the preferred material may
be accomplished according to a further aspect of the in-
vention as a discrete step prior to installing the mask on
the mask support structure secured to the faceplate. To
achieve the desired combination of mechanical and
magnetic properties, the foil must be subjected to a
specified procedure of heat treating and slow cooling ac-
cording to the invention to provide a foil having the de-
sired combination of magnetic and mechanical proper-
ties.
[0038] In a typical process according to the invention,
a group of 12 full-hard, apertured masks of the configu-
ration shown by Figure 2 are stacked for insertion into
an oven. The process according to the invention is char-
acterized by subjecting each of the stacked masks to a
thermal cycle to partially anneal the mask to produce
favorable magnetic and mechanical properties, com-
prising heating the mask to a temperature above about
400 degrees C. and below that temperature at which the
mask alloy substantially forms a solid solution for a pe-
riod of at least about 30 minutes, preferably about at
least 45 minutes, and slowly cooling the mask from that
temperature to the temperature at which the alloy from
which the mask is formed is substantially recrystallized
at a cooling rate of less than about 5 degrees C. per
minute, and preferably less than about 3 degrees C. per
minute; and then securing the mask to a mask support
structure affixed to or integral with the faceplate while
the mask is under tension and in registration with the
phosphor screen. For example, the mask may be heat-
ed to a temperature of between about 400 degrees C.
and 700 degrees C. for a period between about 30 min-
utes and about 60 minutes. The mask is then slowly
cooled from that temperature to the temperature at
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which the material of the masks is substantially recrys-
tallized at cooling rate of less than about 5 degrees C.
per minute, preferably less than 3 degrees C. per
minute, and most desirably at a rate of between about
2 degrees C. and about 3 degrees C. per minute. Longer
heat treatments are permissible but do not appear to re-
sult in an improvement in properties. Heat treating at the
indicated temperatures followed by air cooling or cooling
at rates above 5 degrees C. per minute resulted in foils
having undesirably poor mechanical properties. While
not wishing to be bound by any particular theory, it is
believed that the disclosed heat treatment, which is at
temperatures well below annealing temperatures, fol-
lowed by slow cooling, results in the long range ordering
of Ni3Fe as intergranular and intergranular precipitates.
[0039] The heating of the assembly and the foil, and
the slow rate of cooling of the assembly and the foil ac-
cording to the invention, is effective to partially anneal
the foil mask and produce a yield strength in excess of
80 ksi, a permeability above about 6,000, a coercivity
below about 2.5 oersteds, and a thermal coefficient of
expansion that is not less than about that of the face-
plate (glass). Following the process as described, the
mask may well have a yield strength above about 150
ksi, a permeability above about 10,000, and a coercivity
below about 1.0. The foil is able to withstand tension
loads in excess of about 65 Newton/centimeters, and
possibly above 75 Newton/centimeter.
[0040] The heat treatment and slow cooling treatment
of the masks described in following paragraphs closely
approximates the processing steps in frit sealing cath-
ode ray tube, and the sealing of the funnel and faceplate
in the manufacturing process.
[0041] Subsequent to the initial implementation of the
inventive process, it was determined that the heating
and cooling conditions to which the tensioned mask is
subjected during a frit cycle are such that a substantial
improvement in the properties of the described alloy is
obtained without requiring the separate heat treatment
and slow cooling process described in the foregoing.
The properties of the tensioned foil mask are not as
good as those obtained when the mask material is heat-
ed to the more desirable temperature of 500-600 de-
grees C. However, where the brightness and resolution
demanded of the cathode ray tube are not as high, it has
been determined that the slow heating of an in-place
80Ni-4Mo-Fe tensioned mask to about 435 degrees C.
in the frit cycle, followed by slow cooling at a rate of less
than about 5 degrees C. per minute, preferably between
about 2 degrees and about 3 degrees C. per minute,
which is the cooling rate in the frit cycle, provides a fin-
ished mask having the desired mechanical and magnet-
ic properties.
[0042] For example, when untreated tensioned foil
masks are placed under a tension of 30 Newton/centim-
eter, and run through the frit cycle, a yield strength of
between about 150 ksi and about 160 ksi and a perme-
ability of between about 60,000 and about 100,000, and

a coercivity of below about 0.4 oersted, is obtained. The
beam misregistration is somewhat higher than that ob-
tained when the foil is separately heat treated, but still
below the desired limit.
[0043] So a partial anneal according to the invention
may also be accomplished during, and as a result of, a
thermal cycle in the process of sealing the tube. The
process is described in the following paragraphs.
[0044] As indicated in Figure 3, a shadow mask sup-
port structure 114 is secured on the inner surface 110
of faceplate 108 between the peripheral sealing area,
noted as being the funnel sealing surface 113, and the
screening area 112. The mask support structure 114
provides a surface 115 for receiving and supporting foil
shadow mask in tension. The mask support structure
114 may comprise, by way of example, a stainless steel
metal alloy. Attachment of the support structure is pref-
erably by means of a devitrifying frit.
[0045] A nickel iron alloy is provided comprising be-
tween about 30 and about 85 weight-percent of nickel,
between about 0 and 5 weight-percent of molybdenum,
between 0 and 2 weight-percent of one or more of va-
nadium, titanium, hafnium, and niobium, with the bal-
ance iron and incidental impurities; e.g., carbon, chro-
mium, silicon, sulfur, copper and manganese. Typically,
the incidental impurities combined do not exceed 1.0
percent. Alternately and according to the invention, the
alloy may comprise between about 75 and 85 weight-
percent of nickel, between about 3 and 5 weight-percent
of molybdenum, with the balance iron and incidental im-
purities. Preferably, the alloy may comprise about 80
weight-percent nickel, about 4 weight-percent molybde-
num, with the balance iron and incidental impurities.
[0046] The alloy according to the invention is formed
into a foil having a thickness of about 0.001 inch or less.
[0047] A central area 112 of the foil is apertured to
form a foil mask 108 consonant in dimensions with the
screening area 112 for color selection. Aperturing of the
mask can be accomplished by a photo-etching process
in which a light-sensitive resist is applied to the foil. The
resist is hardened by exposure to light except in those
areas where apertures are defined. The exposed metal
defining the apertures is then etched way.
[0048] The foil mask is then tensed in a tensing frame
to a tension of at least about 25 Newton/centimeters. In
essence, the foil may be expanded by enclosing it be-
tween two platens heated to 360 degrees C for one
minute, clamped in the tensing frame, and air cooled it
to provide a tensioned foil having a greater length and
width than the faceplate to which it will be secured. A
pattern of red-light-emitting, green-light-emitting, and
blue-light-emitting phosphor deposits are sequentially
photo-screened on screening area 112. The photo-
screening process includes repetitively registering the
foil of the phosphor screening area by registering the
tensing frame with the faceplate.
[0049] The foil comprising the mask 86 is secured to
the mask support structure 114, with the apertures of

9 10



EP 0 410 965 B1

7

5

10

15

20

25

30

35

40

45

50

55

the mask in registration with the pattern of phosphor de-
posits on screening area 112. The means of securement
of the mask to the mask support structure may be by
welding with a laser beam, with the excess mask mate-
rial removed by the same beam. Inasmuch as the face-
plate 108 and the tensioned foil shadow mask 86 are
rigidly interconnected by their mutual attachment to the
mask support structure, the thermal coefficient of ex-
pansion of the alloy foil must approximate that of the
faceplate, which is typically a glass having a coefficient
of expansion of between about 12 x 10-6 and about 14
x 10-6 in/in/degrees C. This is necessary due to the rel-
atively high temperatures to which the faceplate and
mask are subjected during the cathode ray tube manu-
facturing process. A coefficient of expansion somewhat
greater than that of the faceplate can be tolerated, but
a coefficient of expansion substantially less than that of
the faceplate is to be avoided as this may lead to mask
failure during the manufacturing process.
[0050] Figures 4 and 5 depict the use of a funnel ref-
erencing and fritting fixture 186 for mating of a faceplate
108 with a funnel 188 to form a faceplate-funnel assem-
bly. Faceplate 108 is indicated as being installed face
down on the surface 190 of fixture 186. Funnel 188 is
depicted as being positioned thereon and in contact with
funnel sealing surface 113, noted as being peripheral to
screening area 112 on which is deposited a pattern of
phosphors 187 as a result of the preceding screening
operation. With reference to Figure 4, three posts 192,
193 and 194 are indicated as providing for alignment of
the funnel and faceplate. Figure 5 depicts details of the
interface between post 194, the faceplate 108, and fun-
nel 188. Flat 117c on faceplate 108 is shown as being
in alignment with reference area "c" on funnel 188.
Shadow mask 86, noted as being in tension, is prefera-
bly depicted as being mounted on shadow mask support
structure 114.
[0051] Post 194 is shown as having two reference
points 196 and 198 for locating the funnel 188 with ref-
erence to the faceplate 108. The reference points pref-
erably comprise buttons of carbon as they must be im-
mune to the effects of the elevated oven temperature
incurred during the frit cycle.
[0052] A devitrifiable frit in paste form is applied to the
peripheral sealing area of the faceplate 108, noted as
being funnel sealing area 113, for receiving funnel 188.
The faceplate 108 is then mated with the funnel 188 to
form a faceplate-funnel assembly. The frit, which is in-
dicated by reference No. 200 in Figure 5, may for exam-
ple comprise frit No. CV-130, manufactured by Owens-
Illinois, Inc. of Toledo, Ohio.
[0053] The faceplate-funnel assembly is then heated
to a temperature effective to devitrify the frit and perma-
nently attach the funnel to the faceplate, after which the
assembly is cooled. The process of fusing of the funnel
to the faceplate is generally carried out under conditions
referred to as the frit cycle. In a typical frit cycle, the face-
plate, to which the tensioned foil mask is adhered, and

funnel are slowly heated to 435 degrees C., then cooled
to room temperature or slightly thereabove over a period
of three to three-and-one-half hours. The foil must be
cooled to the temperature at which the alloy is substan-
tially recrystallized at a cooling rate of less than about 5
degrees C. per minute, preferably less than about 3 de-
grees C. per minute and most desirably at a rate of be-
tween about 2 degrees C. and about 3 degrees C. per
minute.
[0054] The heating of the assembly and the foil, and
the slow rate of cooling of the assembly and the foil ac-
cording to the invention and during the frit cycle, is ef-
fective to partially anneal the foil mask and produce the
desired mechanical and magnetic properties set forth in
the foregoing.
[0055] Test results in support of the concept according
to the invention are summarized by the following exam-
ples.

Example I

[0056] An 80Ni-4Mo-Fe cold-rolled foil is 1 mil thick.
In the as-received condition, the foil has a permeability
of 3,000, a coercivity of 2.2 oersteds and a yield strength
of 156 ksi.
[0057] The foil is heat treated in a dry hydrogen at-
mosphere at 500 degrees C. for 60 minutes and is then
cooled to 200 degrees C. at a cooling rate of 3 degrees
C. per minute. The heat treatment results in a foil having
a yield strength of 192 ksi, a permeability of 60,000, a
coercivity of 0.31 oersteds, and a coefficient of expan-
sion of 13x10-6 in/in/degrees C.

Example II

[0058] A 42Ni-Fe cold-rolled foil 1 mil thick may be
used. In the as-received condition, the foil will have a
permeability of 3,000, coercivity of 4.0 oersteds and
yield of 110 ksi.
[0059] The foil may be heat treated at 600 degrees C.
in a dry hydrogen furnace for two hours and cooled to
below 200 degrees C. at a cooling rate of 2 degrees C.
per minute. The heat-treated and slow-cooled foil will
have a permeability of 9,000, a coercivity of 1.1 oersteds
and a yield strength of 80 ksi.

Example III

[0060] A 49Ni-Fe foil 1 mil thick in the as-received
condition, will have a permeability of 3,200, a coercivity
of 4.2 oersteds and a yield strength of 115 ksi. After heat
treatment and slow cooling in accordance with Example
I, the foil will have a permeability of 10,000, a coercivity
of 0.4 oersteds and a yield strength of 85 ksi.

Example IV

[0061] A 49Ni-4Mo-Fe foil 1 mil thick in the as-re-

11 12



EP 0 410 965 B1

8

5

10

15

20

25

30

35

40

45

50

55

ceived condition will have physical and magnetic prop-
erties similar to the foil of Example I. After heat treating
and slow cooling, in accordance with Example I, the foil
will have a permeability of 20,000, a coercivity of 0.3
oersteds and a yield strength of 160 ksi.

Example V

[0062] A 79Ni-2Mo-IV-Fe foil 1 mil thick in the as-re-
ceived condition will be expected to have physical and
magnetic properties similar to the foil of Example I. The
foil may be heat-treated and slow cooled in accordance
with Example I. After heat treatment and slow cooling,
the foil will be expected to have permeability of 30,000,
a coercivity of 0.30 oersteds and yield strength of 160
ksi.

Example VI

[0063] A 79Ni-2V-1Ti-Fe foil 1 mil thick in the as-re-
ceived condition will be expected to have physical and
magnetic properties similar to the foil of Example I. The
foil may be heat-treated and slow cooled in accordance
with Example I, after which the foil will be expected to
have a permeability above 30,000, a coercivity of 0.30
oersteds, and a yield strength of 170 ksi.

Example VII

[0064] A 79Ni-4Mo-Fe foil 1 mil thick in the as-re-
ceived condition will be expected to have physical and
magnetic properties similar to the foil of Example I, after
heat-treating and slow cooling through the conventional
frit cycle. The frit cycle comprises an open furnace with
a peak temperature of about 435 degrees C. The total
time duration for the sample to pass through from the
entry of the furnace to the outlet is about 3-1/2 hours.
The foil is expected to have a permeability of about
60,000, coercivity of about 0.4 oersteds, and a yield
strength of about 155 ksi.
[0065] A foil shadow mask according to the invention
for use in a tensioned foil color cathode ray tube, or a
faceplate assembly for such a tube, is preferably formed
from an alloy comprising between about 30 and about
85 weight-percent nickel, between about 0 and 5 weight-
percent molybdenum, between 0 and 2 weight-percent
of one or more of vanadium, titanium, hafnium, and nio-
bium, the alloy having a yield strength in excess of 80
ksi, a permeability above about 6,000, coercivity below
about 2.5 oersteds and a thermal coefficient of expan-
sion that is not less than about that of the faceplate. Fur-
ther, the mask may be under a tension of at least about
25 Newton/centimeters when the tube is at ambient tem-
perature. The alloy according to the invention may have
a yield strength above about 150 ksi, a permeability
above about 10,000, and a coercivity below about 1.0.
Further with regard to the content of the alloy of the
mask, the content may comprise between about 75

weight-percent and about 85 weight-percent of nickel,
between about 3 weight-percent and about 5 weight-
percent of molybdenum, with the balance iron and inci-
dental impurities; and preferably, the content may com-
prise about 80 weight-percent of nickel, about 4 weight-
percent of molybdenum, with the balance iron and inci-
dental impurities.

Claims

1. A cathode ray tube (20) including a flat faceplate
(24) and a foil shadow mask (50) mounted thereon
in tension, said mask (50) being formed from an al-
loy comprising between about 30 and about 85
weight-percent nickel, between 0 and about 5
weight-percent molybdenum, between 0 and about
2 weight-percent of an alloying agent selected from
the group consisting of vanadium, titanium, hafni-
um, niobium and mixtures thereof, balance iron and
incidental impurities, said alloy having a coefficient
of expansion that is not less than about that of the
associated faceplate of the cathode ray tube, char-
acterized in that said alloy comprises between
about 75 weight-percent and about 85 weight-per-
cent of nickel, between about 3 weight-percent and
about 5 weight-percent of molybdenum.

2. The tube of claim 1, characterized in that said alloy
has a yield strength in excess of about 552 N/mm2

(80 ksi), a permeability above about 6,000, a coer-
civity below about 199 A/m (2.5 oersteds).

3. The tube of claim 1 or 2, wherein said mask is under
a tension of at least about 25 Newton/centimeters
when said tube is at ambient temperature.

4. The tube of claim 1 or 2, wherein said alloy of said
mask has a yield strength above about 1033 N/mm2

(150 ksi), a permeability above about 10,000, and
a coercivity below about 80 A/m (1.0 oersted).

5. The tube have of claim 1 or 2, wherein said alloy
comprises about 80 weight-percent of nickel, about
4 weight-percent of molybdenum, with the balance
iron and incidental impurities.

6. The tube of any of the preceding claims including a
cathode ray tube front assembly comprising said
flat faceplate with the shadow foil mask mounted
adjacent to the flat faceplate.

7. The tube of claim 2, wherein said alloy also has a
thermal coefficient of expansion that is not less than
about that of said faceplate.

8. A process for the manufacture of a foil shadow
mask (50) for a tension mask color cathode ray tube
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(20) which includes a faceplate (24) having on its
inner surface (26) a phosphor screen (28) and a
support structure (48) for supporting a tensioned foil
shadow mask (50) adjacent thereto, the process
characterized by including the steps of providing
a hardened nickel-iron alloy foil containing between
about 75 and about 85 weight-percent nickel and at
least one of the following in the indicated weight-
percent:

molybdenum 0 and about 5%; vanadium 0 and
about 2%; titanium 0 and about 2%; hafnium 0
and about 2%; niobium 0 and about 2%, bal-
ance iron and incidental impurities, heat treat-
ing said hardened foil under conditions which
achieve favorable magnetic shielding proper-
ties while maintaining strength properties of the
hardened material sufficient to withstand nor-
mal operating mask tension levels, including
heat treating said foil at a temperature above
about 400°C and below that temperature at
which the alloy forms a solid solution for a pe-
riod of at least about 30 minutes and controlling
the cooling rate of said foil from said tempera-
ture to the temperature at which said alloy is
substantially recrystallized to provide a foil hav-
ing a yield strength in excess of 552 N/mm2 (80
ksi), a permeability in excess of 6000 and a co-
ercivity of 199 A/m (2.5 oersteds) or below, ap-
plying tension to said foil, and securing said foil
to said support structure while under tension.

9. The process of claim 8, wherein said mask compris-
es between about 75 and 85 weight-percent nickel,
preferably about 80 weight-percent nickel, between
about 3 and 5 weight-percent molybdenum, prefer-
ably about 4 weight-percent molybdenum, with the
balance iron and incidental impurities.

10. The process of claim 8 or 9, wherein the cooling rate
is less than 5°C per minute, preferably less than
3°C per minute.

11. The process of claim 8, 9 or 10, wherein the foil is
placed under a tension of at least 25 Newton/cen-
timeters.

12. The process of claim 8 or 9, wherein the faceplate
has on its inner surface a centrally disposed phos-
phor screening area embraced by a peripheral seal-
ing area adapted to mate with a funnel, and the
shadow mask is secured in tension to a frame-like
shadow mask-support structure on said faceplate
inner surface between said peripheral sealing area
and said screening area; said process including the
steps of forming said alloy into a foil, aperturing a
central area of said foil to form a foil mask conso-
nant in dimensions with said screening area for

color selection, tensing said foil to a tension of at
least about 25 Newton/centimeters, sequentially
photo-screening a pattern of red-light-emitting,
green-light-emitting, a blue-light-emitting phosphor
deposits on said screening area, including repeti-
tively registering said foil with said phosphor
screening area by registering said tensing frame
with said faceplate, applying tension to said foil
mask, securing said foil mask to said mask-support
structure with said apertures in registration with said
pattern of phosphor deposits, applying a devitrifable
frit in paste form to said peripheral sealing area for
receiving a funnel, mating said faceplate with said
funnel to form a faceplate funnel assembly, heating
said assembly to a temperature effective to devitrify
said frit and permanently attach said funnel to said
faceplate, and cooling said assembly at a cooling
rate of less than about 3 to 5 degrees C. per minute,
the heating of said assembly and said foil and the
slow rate of cooling of said assembly and said foil
being effective to partially anneal said foil mask and
produce a yield strength in excess of 552 N/mm2

(80 ksi), a permeability above 6,000, a coercivity be-
low about 199 A/m (2.5 oersteds), and a thermal
coefficient of expansion that is not less than about
that of said faceplate.

13. The process of claim 12, wherein said foil mask is
tensed by heating said foil mask to a temperature
above 400 degrees C. and below that temperature
at which the alloy forms a solid solution for a period
of at least about 30 minutes and thereafter cooling
said foil to ambient temperature at a cooling rate of
less than about 3 to 5 degrees C. per minute.

14. The process of claim 12 or 13, wherein said foil
mask has a yield strength above about 1033 N/mm2

(150 ksi), a permeability above about 10,000, and
a coercivity below about 80 A/m (1.0 oersted).

Patentansprüche

1. Kathodenstrahlröhre (20) mit einer flachen Front-
platte (24) und einer unter Spannung darauf mon-
tierten Schattenmaske (50) aus Folie, wobei die
Maske (50) aus einer Legierung besteht, die zwi-
schen etwa 30 und etwa 85 Gewichtsprozent Nik-
kel, zwischen 0 und etwa 5 Gewichtsprozent Mo-
lybdän, zwischen 0 und etwa 2 Gewichtsprozent ei-
nes Legierungselements, das aus der aus Vanadi-
um, Titan, Hafnium, Niobium und Mischungen der-
selben bestehenden Gruppe ausgewählt ist, Rest
Eisen und zufällige Verunreinigungen enthält, wo-
bei die Legierung einen Ausdehnungskoeffizienten
hat, der nicht kleiner ist als etwa der der zugehöri-
gen Frontplatte der Kathodenstrahlröhre, dadurch
gekennzeichnet, daß die Legierung zwischen et-
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wa 75 Gewichtsprozent und etwa 85 Gewichtspro-
zent Nickel und zwischen etwa 3 Gewichtsprozent
und etwa 5 Gewichtsprozent Molybdän enthält.

2. Röhre nach Anspruch 1, dadurch gekennzeich-
net, daß die Legierung eine Streckfestigkeit von
mehr als etwa 552 N/mm2 (80 ksi), eine Permeabi-
lität über etwa 6.000 und eine Koerzitivkraft unter
etwa 199 A/m (2,5 Oersted) hat.

3. Röhre nach Anspruch 1 oder 2, bei der die Maske
unter einer Spannung von mindestens etwa 25
Newton/Zentimeter steht, wenn die Röhre Umge-
bungstemperatur hat.

4. Röhre nach Anspruch 1 oder 2, bei der die Legie-
rung der Maske eine Streckfestigkeit über etwa
1.033 N/mm2 (150 ksi), eine Permeabilität über et-
wa 10.000 und eine Koerzitivkraft unter etwa 80 A/
m (1,0 Oersted) hat.

5. Röhre nach Anspruch 1 oder 2, bei der die Legie-
rung etwa 80 Gewichtsprozent Nickel, etwa 4 Ge-
wichtsprozent Molybdän und als Rest Eisen und zu-
fällige Verunreinigungen enthält.

6. Röhre nach einem der vorhergehenden Ansprüche
mit einem Vorderteil der Kathodenstrahlröhre be-
stehend aus der flachen Frontplatte und der an-
grenzend an die flache Frontplatte montierten
Schattenmaske aus Folie.

7. Röhre nach Anspruch 2, bei der die Legierung au-
ßerdem einen Wärmeausdehnungskoeffizienten
hat, der nicht kleiner ist als etwa der der Frontplatte.

8. Verfahren zur Herstellung einer Schattenmaske
(50) aus Folie für eine Farbkathodenstrahlröhre
(20) mit Spannmaske, die eine Frontplatte (24) um-
faßt, die auf ihrer Innenseite (26) einen Leucht-
schirm (28) und eine Haltevorrichtung (48) auf-
weist, die daran angrenzend eine gespannte Schat-
tenmaske (50) aus Folie festhält, wobei das Verfah-
ren dadurch gekennzeichnet ist, daß es die fol-
genden Schritte umfaßt: Bereitstellen einer Folie
aus einer gehärteten Nickel-Eisen-Legierung, die
zwischen etwa 75 und etwa 85 Gewichtsprozent
Nickel und mindestens eines der folgenden Ele-
mente in den angegebenen Gewichtsprozent ent-
hält: Molybdän zwischen 0 und etwa 5 %; Vanadium
zwischen 0 und etwa 2 %; Titan zwischen 0 und et-
wa 2 %; Hafnium zwischen 0 und etwa 2 %; Niobium
zwischen 0 und etwa 2 %, Rest Eisen und zufällige
Verunreinigungen; Wärmebehandeln der gehärte-
ten Folie unter Bedingungen, bei denen eine gün-
stige magnetische Abschirmung erzielt wird, wäh-
rend gleichzeitig Festigkeitseigenschaften des ge-
härteten Materials aufrechterhalten werden, die

ausreichen, um den normalen Spannungen beim
Betrieb der Maske standzuhalten, einschließlich
Wärmebehandeln der Folie für die Dauer von min-
destens etwa 30 Minuten bei einer Temperatur über
etwa 400°C und unter der Temperatur, bei der die
Legierung eine feste Lösung bildet, und Regeln der
Abkühlgeschwindigkeit der Folie von dieser Tempe-
ratur auf die Temperatur, bei der die Legierung im
wesentlichen wieder auskristallisiert, um eine Folie
mit einer Streckfestigkeit über 552 N/mm2 (80 ksi),
einer Permeabilität über 6.000 und einer Koerzitiv-
kraft von 199 A/m (2,5 oersted) oder darunter zu
liefern, die Folie unter Spannung setzen und die Fo-
lie an der Haltevorrichtung befestigen, während sie
unter Spannung steht.

9. Verfahren nach Anspruch 8, bei dem die Maske zwi-
schen etwa 75 und 85 Gewichtsprozent Nickel, vor-
zugsweise etwa 80 Gewichtsprozent Nickel, zwi-
schen etwa 3 und 5 Gewichtsprozent Molybdän,
vorzugsweise etwa 4 Gewichtsprozent Molybdän,
und als Rest Eisen und zufällige Verunreinigungen
enthält.

10. Verfahren nach Anspruch 8 oder 9, bei dem die Ab-
kühlgeschwindigkeit weniger als 5°C pro Minute be-
trägt, vorzugsweise weniger als 3°C pro Minute.

11. Verfahren nach Anspruch 8, 9 oder 10, bei dem die
Folie unter eine Spannung von mindestens 25 New-
ton/Zentimeter gesetzt wird.

12. Verfahren nach Anspruch 8 oder 9, bei dem die
Frontplatte auf ihrer Innenseite einen mittig ange-
ordneten Leuchtschirmbereich hat, der am Umfang
von einem Dichtungsbereich umschlossen wird, der
mit einem Trichter zusammenpaßt, und bei dem die
Schattenmaske unter Spannung an einer rahmen-
artigen Schattenmaskenhaltevorrichtung auf der
Innenseite der Frontplatte zwischen dem am Um-
fang angeordneten Dichtungsbereich und dem
Schirmbereich befestigt ist; wobei das Verfahren
die folgenden Schritte umfaßt: aus der Legierung
eine Folie herstellen, einen mittigen Bereich der Fo-
lie mit einer Öffnung versehen, um eine Folienmas-
ke zu bilden, die zur Farbauswahl in ihren Abmes-
sungen mit dem Schirmbereich übereinstimmt,
Spannen der Folie auf eine Spannung von minde-
stens etwa 25 Newton/Zentimeter, nacheinander
ein Muster aus rotes Licht emittierenden, grünes
Licht emittierenden und blaues Licht emittierenden
Leuchtstoffen auf den Schirmbereich aufbringen
und die Folie wiederholt mit dem Leuchtschirmbe-
reich ausrichten, indem der Spannrahmen mit der
Frontplatte ausgerichtet wird, die Folienmaske un-
ter Spannung setzen, die Folienmaske an der Mas-
kenhaltevorrichtung so befestigen, daß die öffnun-
gen mit dem Muster aus Leuchtstoffen übereinstim-
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men, Aufbringen einer entglasbaren Fritte in Pa-
stenform auf den am Umfang befindlichen Dich-
tungsbereich zur Aufnahme eines Trichters, die
Frontplatte auf den Trichter passen, um eine Bau-
gruppe aus Frontplatte und Trichter zu bilden, Er-
wärmen der Baugruppe auf eine Temperatur, die
das Entglasen der Fritte bewirkt, und den Trichter
dauerhaft an der Frontplatte befestigen und die
Baugruppe mit einer Abkühlgeschwindigkeit von
weniger als etwa 3 bis 5°C pro Minute abkühlen,
wobei das Erwärmen der Baugruppe und der Folie
und die langsame Abkühlgeschwindigkeit der Bau-
gruppe und der Folie bewirken, daß die Folienmas-
ke teilweise gehärtet wird und daß eine Streckfe-
stigkeit über 552 N/mm2 (80 ksi), eine Permeabilität
über 6.000, eine Koerzitivkraft unter etwa 199 A/m
(2,5 Oersted) und ein Wärmeausdehnungskoeffizi-
ent erzeugt wird, der nicht kleiner ist als der der
Frontplatte.

13. Verfahren nach Anspruch 12, bei dem die Folien-
maske gespannt wird durch Erwärmen der Folien-
maske für eine Dauer von mindestens etwa 30 Mi-
nuten auf eine Temperatur über 400°C und unter
der Temperatur, bei der die Legierung eine feste Lö-
sung bildet, und danach Abkühlen der Folie auf Um-
gebungstemperatur mit einer Abkühlgeschwindig-
keit von weniger als etwa 3 bis 5°C pro Minute.

14. Verfahren nach Anspruch 12 oder 13, bei dem die
Folienmaske eine Streckfestigkeit über etwa 1.033
N/mm2 (150 ksi), eine Permeabilität von etwa
10.000 und eine Koerzitivkraft unter etwa 80 A/m
(1,0 Oersted) hat.

Revendications

1. Tube à rayons cathodiques (20) comprenant une
dalle plate (24) et un masque de feuille de rhodium
(50) monté sur celle en tension, ledit masque (50)
étant formé à partir d'un alliage comprenant entre
environ 30 et environ 85 pour cent en poids de nic-
kel, entre 0 et environ 5 pour cent en poids de mo-
lybdène, entre 0 et environ 2 pour cent en poids d'un
agent d'alliage sélectionné à partir du groupe se
composant de vanadium, titane, hafnium, niobium
et des mélanges de ceux-ci, des impuretés de fer
et incidentes pour le reste, ledit alliage ayant un
coefficient de dilatation qui n'est pas inférieur envi-
ron à celui de la dalle plate associée du tube à
rayons cathodiques, caractérisé en ce que ledit al-
liage comprend entre environ 75 pour cent en poids
et environ 85 pour cent en poids de nickel, entre
environ 3 pour cent en poids et environ 5 pour cent
en poids de molybdène.

2. Tube selon la revendication 1, caractérisé en ce

que ledit alliage a une résistance à la déformation
supérieure à environ 552 N/mm2 (80 ksi), une per-
méabilité supérieure à environ 6000, et une coerci-
vité inférieure à 199 A/m (2,5 oersteds).

3. Tube selon la revendication 1 ou 2, dans lequel ledit
masque est sous une tension d'au moins environ
25 Newton/centimètre lorsque ledit tube est à la
température ambiante.

4. Tube selon la revendication 1 ou 2, dans lequel ledit
alliage dudit masque possède une résistance à la
déformation supérieure à 1033 N/mm2 (150 ksi),
une perméabilité supérieure à 10000, et une coer-
civité inférieure à 80 A/m (1,0 oersted).

5. Tube selon la revendication 1 ou 2, dans lequel ledit
alliage comprend environ 80 pour cent en poids de
nickel, environ 4 pour cent de molybdène, avec des
impuretés de fer et incidentes pour le reste.

6. Tube selon l'une quelconque des revendications
précédentes comprenant un assemblage avant de
tube à rayons cathodiques comprenant ladite dalle
plate avec un masque perforé monté de façon ad-
jacente à ladite dalle plate.

7. Tube selon la revendication 2, dans lequel ledit al-
liage possède aussi un coefficient de dilatation ther-
mique qui n'est pas inférieur environ à celui de ladite
dalle plate.

8. Procédé pour fabriquer le masque perforé (50) pour
un tube à rayons cathodiques en couleur de mas-
que de tension (20) qui comprend une dalle plate
(24) ayant sur sa surface interne (26) un écran lu-
minophore (28) et une structure de support (48)
pour supporter un masque perforé sous tension
(50) adjacent à celui-ci, le traitement étant carac-
térisé en ce qu'il comprend les étapes de fourniture
d'une feuille d'alliage nickel-fer durcie contenant
entre environ 75 et environ 85 pour cent en poids
de nickel et au moins un des éléments suivants
dans le pourcentage de poids indiqué : molybdène
entre 0 et environ 5%, vanadium entre 0 et environ
2%, titane entre 0 et environ 2%, hafnium entre 0
et environ 2%, niobium entre 0 et environ 2%, im-
puretés de fer et incidentes pour le reste, de traite-
ment thermiquement de ladite feuille durcie dans
les conditions qui réalisent des propriétés de blin-
dage magnétique favorable tout en maintenant des
propriétés de résistance du matériau durci suffisan-
tes pour résister à des niveaux de tension de mas-
que en fonctionnement normal, y compris en trai-
tant thermiquement ladite feuille à une température
supérieure à environ 400°C et sous la température
à laquelle l'alliage forme une solution solide pen-
dant une période d'au moins environ 30 minutes et
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commandant la vitesse de refroidissement de ladite
feuille à partir de ladite température à la tempéra-
ture à laquelle ledit alliage est substantiellement re-
cristallisé pour fournir une feuille ayant une résis-
tance à la déformation supérieure à 552 N/mm2 (80
ksi), une perméabilité supérieure à 6000, et une
coercivité inférieure à 199 A/m (2,5 oersteds) ou
moins, application de la tension à ladite feuille, et
fixation de ladite feuille à ladite structure de support
tout en étant sous tension.

9. Traitement selon la revendication 8, dans lequel le-
dit masque comprend entre environ 75 et 85 pour
cent en poids de nickel, préférablement environ 80
pour cent en poids de nickel, entre environ 3 et 5
pour cent en poids de molybdène, préférablement
environ 4 pour cent en poids de molybdène, avec
des impuretés de fer et incidentes pour le reste.

10. Traitement selon la revendication 8 ou 9, dans le-
quel la vitesse de refroidissement est inférieure à
5°C par minute, préférablement à 3°C par minute.

11. Traitement selon la revendication 8, 9 ou 10, dans
lequel la feuille est placée sous une tension d'au
moins 25 Newtons/centimètre.

12. Traitement selon la revendication 8 ou 9, dans le-
quel la dalle plate possède sur sa surface interne
une zone d'écran luminophore disposée centrale-
ment englobée par une zone d'étanchéité périphé-
rique adaptée pour accoupler un cône, et le masque
perforé est fixé en tension à la structure de support
de masque perforé ressemblant à un cadre sur la-
dite surface interne de dalle plate entre ladite zone
d'étanchéité périphérique et ladite zone d'écran ; le-
dit traitement comprenant les étapes de formation
dudit alliage dans une feuille, d'ouverture d'une zo-
ne centrale de ladite feuille pour former un masque
de feuille en accord en dimensions avec ladite zone
d'écran pour la sélection de couleurs, une tension
de ladite feuille à une tension d'au moins environ
25 Newtons/centimètre, d'effet d'écran par photo-
graphie séquentiellement d'un motif de dépôts lu-
minophore d'émission de lumière rouge, d'émission
de lumière verte, d'émission de lumière bleue sur
ladite zone d'effet d'écran, comprenant répétitive-
ment la mise en registre de ladite feuille avec ladite
zone d'écran luminophore mettant en registre ledit
cadre de tension avec ladite dalle plate, application
de la tension audit masque de feuille, fixation dudit
masque de feuille à ladite structure de support de
masque avec lesdites ouvertures enregistre avec
ledit motif de dépôts luminophore, application d'une
matière dévitrifiable sous forme de pâte sur ladite
zone d'étanchéité périphérique pour recevoir un cô-
ne, accouplement de ladite dalle plate avec ledit cô-
ne pour former un assemblage de dalle plate-cône,

chauffage dudit assemblage à une température ef-
ficace pour dévitrifier ladite matière et fixer de façon
permanente ledit cône à ladite dalle plate, et refroi-
dissement dudit assemblage à une vitesse de re-
froidissement inférieure à environ 3 à 5 degrés C
par minute, le chauffage dudit assemblage et de la-
dite feuille et la vitesse lente de refroidissement du-
dit assemblage et de ladite feuille étant efficace
pour recuire partiellement ledit masque de feuille et
produire une résistance à la déformation supérieure
à 552 N/mm2 (80 ksi), une perméabilité supérieure
6000, une coercivité en dessous d'environ 199 A/m
(2,5 oersteds), et un coefficient de dilatation thermi-
que qui n'est pas inférieur à environ de celui de la-
dite dalle plate.

13. Traitement selon la revendication 12, dans lequel
ledit masque de feuille étendu en chauffant ledit
masque de feuille à une température supérieure à
400°C et en dessous de la température à laquelle
l'alliage forme une solution solide pendant une pé-
riode d'au moins environ 30 minutes et ensuite re-
froidissement de ladite feuille à la température am-
biante à une vitesse de refroidissement inférieure à
environ 3 à 5 degrés C par minute.

14. Traitement selon la revendication 12 ou 13, dans
lequel ledit masque en feuille possède une résis-
tance à la déformation supérieure à environ 1033
N/mm2 (150 ksi), une perméabilité supérieure à en-
viron 10000, et une coercivité en dessous d'environ
80 A/m (1,0 oersted).
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