
EP 0 280 512 B1 Description The invention relates to a shadow mask for a
color cathode-ray tube and more particularly to a shadow mask made of an
iron-nickel alloy which exhibits improved formability and oxidation
characterstics. 6     A conventional shadow mask-type cathode-ray tube
comprises generally an evacuated envelope having therein a screen
comprising an array of phosphor elements of three different emission colors
which are arranged in cyclic order, means for producing three convergent
electron beams which are directed toward the target, and a color-selection
structure including an apertured masking plate which Is disposed between
the target and the beam-producing means. The masking plate shadows the
target and, therefore, is 10 commonly called the shadow mask. The
differences in convergence angles permit the transmitted portions of each
beam to impinge upon and excite phosphor elements of the desired emission
color. At about the center of the shadow mask, the masking plate intercepts
all but about 18% of the beam currents; that is, the shadow mask is said to
have a transmission of about 18%. Thus, the area of the apertures of the
masking plate is about 18% of the area of the mask. The remaining portions
of each beam which strike the masking 15  plate are not transmitted and
cause a localized heating of the shadow mask to a temperature of about 353
K. As a result, the shadow mask thermally expands, causing a "doming" or
expansion of the shadow mask toward the screen. When the doming phenomenon
occurs, the color purity of the cathode-ray tube is degraded. The material
conventionally used for the shadow mask, and which contains nearly 100%
iron, such as aluminum-killed (AK) steel, has a coefficient of thermal
expansion of about 12 x [err]/K at 20 temperatures within the range of 273
K. to 373 K. This material is easily vulnerable to the doming phenomenon.
Modem color television picture tubes are currently made in large sizes
ranging from 64 to 69 cm (25 to 27 inch) diagonal dimensions, and tubes as
large as 89 cm (35 inch) diagonal are being produced in small quantities.
Many of these tubes feature nearly flat faceplates which require nearly
flat shadow masks of very 24 low thermal expansivity. Invar, an iron-nickel
alloy as used for the shadow mask described in EP-A-0.124.354, has low
thermal expansivity, about 1 x [err] to 2 x [err] at temperatures within
the range of 273 K. to 373 K.; however, conventional Invar has high
elasticity and a high tensile strength after annealing, as compared to
ordinary iron. Additionally, it has proved to be difficult to produce a
strongly adherent low reflection oxide coating, on 30 a conventional Invar
shadow mask. A dark oxide is desirable to enhance image contrast. According
to the invention, a shadow mask for a color cathode-ray tube is made from
an improved iron- nickel alloy sheet consisting essentially of some of each
of the following constituents within the indicated limits in weight
percent: [err] and the balance being Fe and 35 impurities unavoidably
coming into the iron-nickel alloy during the course of the production
thereof. An oxide layer Is formed on the Iron-nickel alloy sheet and
stabilized and bonded thereto by yttrium oxide Y203 dispersed at
interstitial sites throughout the lattice of the alloy sheet. In the
drawings: FIG. 1 is a plan view, partially in axial section, of a color
cathode-ray tube embodying the present 40   invention; FIG. 2A is a plan
view of a portion of a slit-type shadow mask; FIG. 2B shows a section of
the shadow mask shown in FIG. PA taken along a line 2B-2B; FIG. 2C shows a
section of the shadow mask shown in FIG. 2A taken along a line 2C-2C: 



FIG. 3A is a plan view of a portion of a shadow mask provided with circular
apertures: 45    FIG. 3B is a section of the shadow mask shown in FIG. 3A
taken along a line 3B-3B; and FIGS. 4A, 4B and 4C are sectional views
showing the steps of manufacturing a shadow mask. FIG. 1 is a plan view of
a rectangular color cathode-ray tube 10 having a glass envelope comprising
a rectangular faceplate panel or cap 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 which is sealed to the 50 funnel 16. A
mosaic three-color phosphor screen 22 is carried by the inner surface of
the faceplate 18. The screen 22 is preferably a line screen with phosphor
lines extending substantially perpendicular to the high frequency raster
line scan of the tube (normal to the plane of the FIG. 1). Alternatively,
the screen could be a dot screen as is known in the art. A multiapertured
color selection electrode or shadow mask 24 is removably mounted, by
conventional means, in predetermined spaced relation to the screen 22. The
55 shadow mask 24 is preferably a slit mask as shown in FIGS. 2A, 2B and 2C
or a circular aperture mask as shown in FIGS. 3A and 3B. An inline electron
gun 26, shown schematically by dotted lines in FIG. 1. is centrally mounted
within the neck 14 to generate and direct a trio of electron beams 28 along
spaced coplanar convergent paths through the mask 24 to the screen 22. 2
EP 0 280 512 B1 The tube 10 is designed to be used with an external
magnetic deflection yoke, such as the yoke 30 schematically shown
surrounding the neck 14 and funnel 16 In the neighborhood of their
junction. When activated, the yoke 30 subjects the three beams 28 to
vertical and horizontal magnetic flux which cause the beams to scan
horizontally and vertically, respectively, in a rectangular raster over the
screen 22. The initial 5 plane of deflection (at zero deflection) is shown
by the line P-P in FIG. 1 at about the middle of the yoke 30. For
simplicity, the actual curvature of the deflected beam paths in the
deflection zone is not shown in FIG. The shadow mask 24 is made of an
improved iron-nickel alloy sheet which exhibits improved formability and
oxidation characteristics compared to conventional  Invar. (Invar is a
Registered Trademark.) 10     Table I compares the compositions, In weight
percent (wt.%), of an Improved alloy used In the present invention with a
conventional Invar alloy. TABLE   I 15 15           Composition  Limits  of
Shadow Mask Material  (wt.%) COMPOSITION Type    Mn    Si    P    S    Al
Y    Ni  Fe 20   Improved          0.04   0.1        0.04  0.012  0.012
0.08  0.6  32-39  Bal Alloy Conven- tional            0.009  0.4    0.13
0.00   0.002   -    -                36.5   Bal Invar* *  Described  in
EP-A-o. 124.354   corresponding  with  U. S. Pat. US-A-4,536,226  issued
to  Ohtake  et  al.  on August  20.  1985. 630 



Compared with a conventional Invar alloy, the improved alloy has lower
concentrations of manganese and silicon and these compositional
differences, combined with a trace amount of aluminum, are believed to
Improve the etchablity and formability of the resultant shadow mask 24.
Additionally, a metallurgically 35  sufficient quantity of yttrium Is added
to provide a fine dispersion a yttria (yttrium oxide, [err] in the
interstitial sites of the matrix or lattice of the improved alloy, to
stabilize and bond to the surfaces of the shadow mask 24 a subsequently
formed oxide film described more fully hereinafter. Etching tests were
performed on a number of 10 cm x 10 cm (4 inch x 4 inch) alloy samples and
a control sample of aluminum killed (AK) steel. Table II compares the
compositions of the (AK) control, a 4o  conventional Invar (INV.1), an
improved alloy (V91) containing yttrium, and an alloy (V92) without
yttrium. TABLE II Composition  Of  Shadow  Mask  Material  (wt%) 45
COMPOSITION 50    AK            0.002  0.30  0.01    0.016  0.009  0.052
-                  -       Bal INV.1        0.009  0.48  0.23    0.001
0.002  0.018   -                  34.3      Bal V91          0.023  0.10
0.003  0.004  0.005  0.079  0.59  36.21   Bal 55    V92           0.029
0.09  0.030  0.007  0.002  0.068   -                  36.35   Bal The
etching tests were performed by applying suitable photosensitive films 31
onto the opposite 3    EP 0 280 512 B1 surfaces of a shadow mask sheet 33
as shown in FIG. 4A. First and second plates 35 and 37, respectively, are
disposed in contact with the shadow mask sheet coated with the
photosensitive films 31. By exposing the plates 35 and 37 to light, the
patterns thereon are respectively printed on both sides of the
photosensitive films 31. Then, as shown in FIG. 4B, the portions of the
films exposed to light are removed 5 to partially expose the surfaces of
the shadow mask sheet 33. The configuration and areas of the exposed
surfaces correspond to the patterns on the plates 35 and 37. The exposed
surfaces of the shadow mask sheet 33 are etched from both sides; and, after
a certain period, apertures 39 (either slits or circular apertures) are
formed through the sheet. Table III list the etch parameters. The etch
temperature was about [err] and the specific gravity of the etch solution
10 was [err] (Baume). In FIG. 4C, the "O" side of the sample refers to the
side of the shadow mask facing the electron gun, and the "R" side refers to
the side of the shadow mask facing the phosphor screen of the tube. All
dimensions are in microns (err). Etch Factors Of AK Steel, Invar And
Improved Alloys 20                     Width  of          Openings
Under        Etch        Etch Sample        Resist            Plate
Cut       Depth       Factor "O" side AK                  3.9
5.37          0.735          1.96        2.67 INV.1              3.9
5.47          0.785          2.12        2.68 V91                 3.9
5.86          0.980          2.25        2.30 V92                 3.9
5.63          0.852          1.84        2.11 



30      "R" Side AK                17.33            19.20          0.935
2.58        2.76 INV.1             17.33           19.64           1.155
3.07        2.65 35      V91               17.33            19.58
1.125          2.81         2.49 V92               17.33            19.47
1.070          2.59        2.42 In TABLE III undercut refers to the lateral
amount of erosion of the shadow mask sheet under the 40  photosensitive
films 31. The etch factor is defined as the etch depth divided by the
undercut. The alloy materials V91 and V92 having lower concentrations of
manganese and silicon than either conventional Invar (INV.1) or the
aluminum killed (control) steel, show etch parameters comparable to
conventional Invar and aluminum killed steel. Additional tests were
performed using six (6) sample heals of iron-nickel alloys. The
compositions of the 45 alloy samples are listed in TABLE IV and are
substantially identical to each other except for the amount of yttrium. 50
55 4    EP 0 280 512 B1 TABLE IV composition  Of  Iron-Nickel Alloy  Shadow
Mask Material(wt%) COMPOSITION Sample                Mn      Si        P
S        Al       Y        Ni    Fe 10   V61       0.001  40.01  40.01
<0.005  0.003  <0.005   -                   34.82  Bal V62       0.001
<O.01  <0.01 <0.005  0.002  <0.005   -                    35.90  Bal V63
0.001  <0.01  <0.01 <0.005  0.001  <0.005  0.10  34.87  Bal V64       0.001
<O.01  <0.01. <0.005  0.001 <0.005  0.11  35.78  Bal 15 V65       0.001
<0.01  <0.01  <0.005  0.001  <0.005  0.18  34.64  Bal V66       0.001 <0.01
<0.01 40.005  0.001 <0.005  0.17  35.70  Bal 20 Both the yttrium containing
samples (V63 through V66) and the non-yttrium containing samples V61 and
V62 were tested for formability, by evaluating springback of 0.15 mm (0.006
inch) thick strip samples. Springback was measured for cold rolled samples
and for samples annealed at 860  C. (1 580 F). The tests were performed by
clamping one end of the strip and displacing the free end [err]. The strip
was then 25  released and the angular displacement was measured from the
release point. In most instances, three samples were measured and the
results averaged. The results of the tests are summarized in TABLES V and
VI. 30 35 40 45 



50 55    EP 0280 512 B1 TABLE V Iron-Nickel Cold Rolled Alloy Sample
springback *                          Average V61
87. 89, 88                               88 10      V62
88.  87.  87                              87.5 V63
88. 89.5. 89                             89 V64
89.5.  87,  88                           Be 15      V65
89.  89.  87                             88.5 V66
88,  88.5,  88.5                         88.5 20
TABLE VI Iron-Nickel Annealed [err] Alloy 2q Sample
Springback                              Average V61
87, 85.5, -*                               86 V62
88. 87.5. 87.5                             87.5 30      V63
88.  87.  85                               86.5 V64
86, 88. 88                                 87.5 V65
87. 87. 89                                 87.5 35       V66
87.  87.5.  87                             87 * Only two annealed V61
samples tested. The springback of the yttrium-containing samples (V63-V66)
was comparable to that of the non-yttrium- 40 containing samples (V61-V62).
As expected, annealing generally decreased the Springback of both the
yttrium-containing and non-yttrium-containing samples. Additional tests
were run to determine the oxidation characteristics of the alloy samples
and an aluminum killed control sample. All samples were steam blackened by
exposing the material samples to steam at 600 C to form an oxide layer. The
oxide thickness is the peak oxide thickness and all samples 45  had areas
of no visible oxide. A desirable oxide thickness is about 1.5
[err](micron). Oxide layers that are too thick tend to peel and generate
particles, whereas very thin oxide layers degrade image contrast. The
oxidation test are summarized in TABLE VII. 50 55    EP 0 280 512 B1 



TABLE VII Oxidation In Steam @ [ERR] 5 Surface            Oxide
Electro-          Oxide Roughness    Thickness              polished*
Thickness 10                    (Ra) Sample  um(micron)   um(micron)
um (micra;} 0.5             5.50               -- 15     V61
0.5              1.64                                0.47 V62
0.5             1.76 V63              0.5             1.87               --
1.32 V64              0.5             1.64
1.44 V65              0.5             1.87               --
1.35 V66             .0.5             1.64               --
1.40 * Not measured  for  surface  roughness. 25           **  For AK
steel.  steam  blackening  using  the  above parameters  produces  an
oxide  that  is  too  thick. Consequently to obtain an oxide thickness of
about l.5[err] 30     either  the  temperature  is  reduced  or a natural
gas atmosphere  is used. The aluminum killed steel had a peak oxide
thickness about three times greater than that of any of the 36  Iron-nickel
alloy samples. The surface roughness (Ra) of each of the samples was about
0.5 [err] (micron). Additional alloy samples were electropolished to
provide an essentially smooth (O [err] (micron)) surface. The
electropolished alloy samples were steam blackened at 600 C and the peak
oxide thicknesses were again measured. The yttrium-containing
electropolished samples (V63-V66) had oxide thicknesses ranging form 1.32
[err] (micron) to 1.44 [err] (micron), which is considered satisfactory;
whereas, the non-yttrium- 40  containing electropolished sample V61 had a
peak oxide thickness of only 0.47 [err] (micron), and non-
yttrium-containing electropolished sample V62 had no measurable oxide
formed on the electropolished surface. The yttrium-containing
electropolished alloy samples had a peak oxide thickness about three times
greater than non-yttrium-containing electropolished alloy samples rhe oxide
laver formed on the yttrium containing alloy sample sheets comprises a
major proportion of meghemite (err) and magnetite 45  (err), and a minor
proportion of hematite (err) and yttria (yttrium oxide, Y203). In the
yttrium- containing alloy samples (V63-V66) it is believed that the oxide
layer is stabilized and bound to the surface of the samples by yttria
(yttrium oxide, Y203),which is dispersed at interstitial sites throughout
the lattice of the alloy sheet. Based on the results of the foregoing
tests, a preferred nickel content of 34.5-37.5 weight percent is
contemplated, as is an yttrium content in the range [err], preferably
0.1-0.2, weight percent. 50 Claims 1. A shadow mask having a plurality of
apertures therethrough for use in a color cathode-ray tube; characterized
by said shadow mask (24) comprising an 55         iron-nickel alloy sheet
(33) consisting essentially of the following composition limits in weight
percent: [err] and the balance being Fe and impurities unavoidably coming
into said iron-nickel alloy during the course of production 



thereof, and 7    EP 0 280 512 B1 TABLE VI I Oxidation In Steam [err]
Surface            Oxide           Electro-    Oxide Roughness   Thickness
polished* Thickness 10                    (Ra) Sample    um(micron)
um(micron)                             [err]  (micron) AK**             0.5
5.50 V61              0.5              1.64
0.47 V62              0.5             1.76               --
NV V63              0.5             1.87               --
1.32 V64              0.5             1.64               --
1.44 V65              0.5             1.87               --
1.35 V66              0.5             1.64               --
1.40 Not  measured  for  surface  roughness. 25          **  For  AK  steel
steam  blackening  using  the  above parameters produces an oxide that is
too thick. Consequently. to obtain an oxide thickness of about 1.5[err] 30
either  the  temperature  is  reduced  or  a natural  gas atmosphere is
used. The aluminum killed steel had a peak oxide thickness about three
times greater than that of any of the 35 iron-nickel alloy samples. The
surface roughness (Ra) of each of the samples was about 0.5 [err] (micron).
Additional alloy samples were electropolished to provide an essentially
smooth (O [err] (micron)) surface. The electropolished alloy samples were
steam blackened at 600 C and the peak oxide thicknesses were again
measured. The yttrium-containing electropolished samples (V63-V66) had
oxide thicknesses ranging form 1.32 [err] (micron) to 1.44 [err] (micron),
which is considered satisfactory; whereas, the non-yttrium- 40 containing
electropolished sample V61 had a peak oxide thickness of only 0.47 [err]
(micron), and non- yttrium-containing electropolished sample V62 had no
measurable oxide formed on the electropolished surface. The
yttrium-containing electropolished alloy samples had apeak oxide thickness
about three times greater than non-yttrium-containing electropolished alloy
surfaces The oxide [err] formed on the yttrium containing alloy sample
sheets comprises a major[err] and  magnetile 45  [err], and a minor
proportion of hematite [err] and [err] (yttrium oxide. [err]). In the
yttrium- containing alloy samples (V63-V66) it is believed that the oxide
layer is stabilized and bound to the surface of the samples by yttria
(yttrium oxide, [err]).which is dispersed at interstitial sites throughout
the lattice of the alloy sheet. Based on the results of the foregoing
tests. a preferred nickel content of 34.5-37.5 weight percent is
contemplated, as is an yttrium content in the range [err] preferably
0.1-0.2, weight percent. 50 Claims 



1. A shadow mask having a plurality of apertures therethrough for use in a
color cathode-ray tube; characterized by said shadow mask (24) comprising
an 55         iron-nickel alloy sheet (33) consisting essentially of the
following composition limits in weight percent: [err]and the balance being
Fe and impurities unavoidably coming into said iron-nickel alloy during the
course of production thereof, and 7    EP 0 280 512 B1 * C   L   M   S * an
oxide layer formed on said iron-nickel alloy sheet, said oxide layer being
stabilized and bound to said iron-nickel alloy sheet by yttrium oxide (Y20)
dispersed at interstitial sites throughout the lattice of said alloy sheet.
5  2. The shadow mask as described in claim 1, characterized in that the
composition limits in weight percent of said Ni and said Y are: Ni
34.5-37.5, and[err]. 3. The shadow mask as described in claim 1,
characterized in that the composition limits in weight percent of said Ni
and said Y are: Ni 34.5-37.5, and Y 0.1-0.2. 10 4. The shadow mask as
described In claims 1, 2 or 3, characterized In that said oxide layer
comprises maghemite (err), magnetite (err), hematite (err) and yttrla
(err). 5. The shadow mask as described in claims 1, 2 or 3. characterized
in that said oxide layer comprises a is     major proportion of maghemite
(err) and magnetite (err), and a minor proportion of hematite (err) and
yttria (err). PatentansprUche 20  1. Lochmaske mit einer Vielzahl von
durchgehenden Offnungen far eine Kathodenstrahir6hre, dadurch
gekennzeichnet, daO die Lochmaske (24) aus einem
Eisen-Nickel-Legierungablech (33) besteht, das im wesentlichen die
folgenden Zusammensetzungsgrenzen in Gewichtsprozenten aufweist: CS0,04;
MnS0,1; SiS0,04; PS0,012; SiS0,012; NI 32-39; AIS0,08; YS0,6 sowle der
Ausgleich Fe und notgedrungen w~hrend des 2q     Produktionsverlaufs in die
Eisen-Nlckel-Legierung gelangende Fremdatome sind und auf dem
Eisen-Nickel-Legierungsblech eine Oxidschicht gebildet ist, wobei die
Oxidschicht durch Yttriumoxid (Y203) stabilisiert und auf dem
Eisen-Nickel-Legierungsblech das ganze Gitter hindurch, an interstitiellen
Seiten des Legierungsblechs verteilt, gebunden ist. 30  2. Lochmaske nach
Anspruch 1, dadurch gekennzelchnet, dan die Zusammensetzungsgrenzen des Ni
und Y in Gewichtsprozenten; Ni 34,5-37,5 und YSO,5 sind. 3. Lochmaske nach
Anspruch 1, dadurch gekennzelchnet, daO die Zusammensetzungsgrenzen des Ni
und des Y In Gewichtsprozenten Ni 34,5-37,5 und Y 0,1-0,2 sind. 96 4.
Lochmaske nach einem der AnsprUche 1, 2 oder 3, dadurch gekennzelchnet, daP
die Oxidschicht Maghemit (-Fe203), Magnetit (FesO4), Hematit (a-Fe203) und
Ytterbium (Y203) enthalt. 5. Lochmaske nach einem der Ansprtche 1; 2 oder
3, dadurch gekennzelchnet, daB die Oxidschicht 



40     einen Hauptanteil an Maghemit (y-Fe20a) und Magnetit (Fe304) und
einen kleineren Anteil an Hematit (a-Fe20s) und Ytterbium ('203) enthalt.
Revendicatlons 45  1. Masque d'ombre comportant une pluralit6 d'ouvertures
traversantes devant etre utilis6 dans un tube couleur A rayons cathodiques
caract~risd en ce que ledit masque d'ombre (24) comprend: une feuille
d'alliage fer-nickel (33) ayant essentiellement les limites de compositions
suivantes en pourcentage en poids : CS0,04, MnS0,1, SiS0,04, PS0,012,
SS0,012, Mi 32-39, ALS0,08, YS0,6, et le restant dtant constitue par du fer
et des impuretes qui surviennent in6vitablement dans ledit alliage fer- 50
nickel durant sa production et, une couche d'oxyde form6e sur ladite
feuille d'alliage fer-nickel, ladite couche d'oxyde 6tant stabilis6e et
line & ladite feuille d'alliage far-nickel par de l'oxyde d'yttrium. (Y203)
disperse sur les sites interstitiels sur tout le reseau de ladite feuille
d'alliage. 65  2. Masque d'ombre selon la revendicatioW 1 caracterise en ce
que les limites de la composition en pourcentage en poids dudit Ni et dudit
Y sont Ni 34,5 - 37,5 et YS0,5. 3. Masque d'ombre selon la revendication 1
caractMris4 en ce que les limites de la composition en 8    EP 0 280 512 B1
* C   L   M S* pourcentage en poids dudit Ni et de Y sont Ni 34,5 - 37,5 et
Y 0,1 - 0,2. xx  4. Masque d'ombre selon les rovendications 1, 2 ou 3
caracttris4 on co quo la couche d'oxyde comprend de la maghemite (y -
Fe203), de la magnetite (Fe304),do I'hematite (a - Fe2O3) et de l'Yttria
(Y203). 5 S. Masque d'ombre selon los revendications 1, 2 ou 3 caractdris4
en ce que la couche d'oxyde comprend une proportion majeure de maghemite (y
- Fe208) ot de magnetite (FoO04) et une proportion mineure d'hematite (a -
F20a) et d'Yttria (Y203). 10 15 20 25 30   . 35 40 45 50 55 9    


