
EP 0 158 178  B1 Description The present invention relates to a method of
manufacturing a shadow mask for a color picture tube and, more
particularly, to an etching method of a shadow mask material consisting of
an iron-nickel alloy. A shadow mask for a color picture tube is generally
made of high-purity low-carbon steel such as rimmed steel or aluminum
killed steel. The material is determined with regard to material feed
capacity, cost, workability, mechanical strength and the like. However,
such a material has a high thermal expansion coefficient (about 12 x
[err]/[err] at a temperature of 0 to [err]). In a shadow mask type color
picture tube, when the relationship between positions of apertures of the
shadow mask and corresponding phosphor layers is varied outside an
allowable range, a so-called purity drift inevitably occurs. Particularly,
thermal expansion causes a change in a required curvature of the shadow
mask, thereby causing misalignment between the apertures of the shadow mask
and the phosphor layers. Therefore, various means for eliminating thermal
deformation of the shadow mask have been proposed. For example, a shadow
mask which uses an iron-nickel alloy having a low thermal expansion 15
coefficient, e.g., a 36Ni-Fe invar alloy (about 2.0 x [err]/[err] at a
temperature of 0 to [err]) or a 42Ni-Fe alloy (about 5.0 x [err]/[err] at a
temperature of 0 to [err]) as a raw material has been proposed in Japanese
Patent Publication No. 42-25446 and Japanese Patent Disclosure Nos.
50-58977 and 50-68650. Recently, in a display for a personal computer,
teletext, satellite broadcasting, CAPTAIN system and the like, high
resolution, high contrast and good image quality are required. In order to
meet these 20  requirements, an aperture pitch of the shadow mask has
become fine, and an electron beam amount emitted from an electron gun has
become large. As a result, a landing reservation of the electron beam on a
phosphor screen is decreased and purity drift due to thermal deformation is
considerable. Therefore, an iron-nickel alloy with a low thermal expansion
coefficient as mentioned above has become increasingly important. However,
when an iron-nickel alloy such as invar contains rolled texture, it has a
higher etching 25  rate in a direction parallel to a rolling direction than
that in a direction perpendicular thereto (direction of thickness) in
comparison to a low carbon steel used as a conventional shadow mask
material and containing iron as a major component. For this reason, an
etching amount undesirably varies, and edges and side walls of apertures
are roughened as shown in Figs. 1A and 1B and 2, thereby forming irregular
apertures. Therefore, sizes of apertures slightly vary and mask uniformity
is degraded. In order to eliminate 30 the problem of rolled texture, it is
proposed that the material is subjected to a thermal treatment after cold
rolling so as to adjust a size of a crystal grain. However, in such a case,
an etching rate in a crystal plane is higher than that in a crystal grain
boundary unlike in the case of pure iron. Then, a shadow mask material to
be etched undesirably comprises a polycrystalline structure having surfaces
some of which can be easily etched and others which cannot. Therefore, when
this shadow mask material is etched, apertures having 35  nonuniform shapes
and slightly different sizes are formed, thus obtaining a shadow mask
having a low mask uniformity. When the size of apertures of the shadow mask
is large as in a conventional color picture tube, the disadvantageous
effects caused by the nonuniformity of apertures are negligible, because
the area of roughened edges and side walls is small with respect to the
overall area of apertures. However, in a high resolution color picture
tube, when a size and pitch of apertures of the shadow mask are small, the
40  area occupying by the roughed edges which cause a slight variation of
the aperture sizes is large with respect to the overall area of apertures,
thus degrading white uniformity of the color picture tube. Prior art
document US-A-4 420 366 discloses a method for manufacturing a shadow mask
by spraying an Fe-Ni alloy sheet with a ferric chloride solution. The
specific gravity of this etching solution which has a temperature between
[err] and [err] is controlled at a desired value so as to achieve an
uniform 45  etching. It is an object of the present invention to provide a
method of manufacturing a shadow mask in which a shadow mask material is
etched at a uniform etching rate, thereby forming apertures with high
precision. According to the present invention, there is  provided a method
of manufacturing a shadow mask, comprising the steps of: 50     forming an
etching-protective film having a pattern of a number of apertures on a
surface of a thin metal plate containing iron and nickel as major
components, and etching said thin metal plate using a ferric chloride
solution as an etching solution so as to form a number of apertures in said
thin metal plate, said method being characterized in that the concentration
of ferric chloride in the etching solution falls within a range between 35
and 50% by 55  weight an the viscosity of said etching solution is
controlled in the range of 1 to 5 mPa.s (1 to 5 cP), preferably 2 to 5
mPa.s (2 to 5 cP). Preferably, the viscosity of the etching solution is
controlled in the range of 2.5 to 4 mPa.s (2.5 to 4 cP). Further,
preferably the temperature of the etching solution [err] within a range
between 40 and [err], more 60  preferably, in a range between 50 and 60C.
This invention can be more fully understood from the following detailed
description when taken in conjunction with the accompanying drawings, in
which: Figs. 1A and 1B are plan views for explaining an edge shape of
apertures in a conventional shadow 



mask; 65      Fig. 2 is a sectional view for explaining  a side wall shape
of the conventional shadow mask;    EP 0 158 178 B1 Figs. 3A and 3B are
respectively sectional views showing a state of a viscous layer at an
etching interface of a shadow mask material; Fig. 4 is a graph showing the
relationship between a viscosity of an etching solution and quality of the
shadow mask; and 5      Fig. 5 is a graph showing the relationship between
the viscosity of the etcing solution and the mass- producibility of the
shadow mask. An example using a shadow mask material made of an iron-nickel
alloy as an invar will be described hereinafter. The table below shows a
composition of the invar. 10 Table C       Mn      Si      P       S     Al
Ni(+Co)    Fe 0.009  0.47   0.13   0.005  0.002    -            36.5
balance 20   The shadow mask material made of the invar having the
composition shown in the Table above was used and a shadow mask for a high
resolution having a number of round apertures with a pitch of 0.3 mm and an
aperture diameter of 140 [err] was manufactured by the following procedure.
In order to remove rolling oil and rust-preventing oil applied during
cold-rolling, the shadow mask material was degreased and washed using a
high-temperature alkali solution. A photosensitive solution of 25   alkali
milk caseinate and ammonium dichromate was coated on two surfaces of the
shadow mask material and was dried so as to form photosensitive films with
a thickness of 5 [err]. A negative glass plate having large aperture
negative image with a diameter of 210 [err] was attached to one
photosensitive film on the shadow mask material, and a negative glass plate
having small apertures with a diameter of 75 [err] was attached to the
other photosensitive film thereon. Thereafter, the resultant structure was
exposed using a 30   5-kW superhigh pressure mercury lamp spaced by about 1
m for about 40 seconds, thereby forming latent images of apertures on the
respective photosensitive films. The latent images were developed using
warm pure water at a temperature of about [err]. Then, the resultant
structure was subjected to drying and burning and etching-protective films
having a pattern of a number of apertures were formed on two surfaces of
the shadow mask material. 35      The shadow mask material having the
etching-protective films on two surfaces thereof was then etched. In this
case, etching was performed by spraying a ferric chloride solution. An
etching rate of this reaction is determined by diffusion of [err] in an
etching solution. More specifically, at an etching interface between the
etching solution and the shadow mask material, [err] in the etching
solution is reduced by the reaction of [err] -> [err], thus being turned
into [err] which has no etching ability. Therefore, a toral 40  iron ion
concentration in the etching solution near the etching interface becomes
higher than that in the bulk etching solution. As a result, a viscosity of
the etching solution near the etching interface is increased, thus forming
a viscous layer thereon. When the viscous layer is thick, since migration
of [err] as an etching ion from the bulk etching solution to the etching
interface is inhibited, the etching rate is low. On the other hand, when
the viscous layer is thin, the etching rate is high. Generally, when a
solution temperature is 45   high and a specific gravity of the solution is
low, an etching rate is high because a viscous layer near an etching
interface is thin and migration of etching ions to the etching interface is
increased. An invar alloy constituting the shadow mask material has various
crystal planes. Among these crystal planes, a {100} plane is most easily
etched, and a {1 10} plane is the next most easily etched. When the shadow
mask material made of the invar alloy having such various crystal planes of
different etching rates 50.  is subjected to etching, if a viscous layer 2
formed on a shadow mask material 1 is thin as shown in Fig. 3A, a migration
rate of [err] as etching ions cannot be lowered. Therefore, crystal planes
which are active with respect to etching are etched prior to inactive ones
until etching is completed. For this reason, etching cannot be uniformly
performed. Conversely, as shown in Fig. 3B, when the viscous layer 2 has a
proper thickness, recesses 3 which are active with respect to etching are
covered with the thick viscous layer and 55   projections 4 which are
inactive with respect thereto are covered with the thin viscous layer.
Thus, the projections as inactive crystal planes are etched prior to the
recesses as active crystal planes, resulting in uniform etching. The
present inventors round that in order to perform etching suitable for a
material having various crystal planes with different etching rates such as
an invar, the thickness of the viscous layer must be 60  controlled and the
viscosity of the etching solution greatly influences the thickness of the
viscous layer. Then, the present invento is  examined the relationships
between the viscosity of the etching solution and quality of the shadow
mask, and beetween the viscosity of the etching solution and
mass-producibility. The obtained results are respectively shown in Figs. 4
and 5. As a result, when the viscosity of the etching 



solution is controlled to 1 to 5 mPa.s (1 to 5 mPa.s (2 to 5 cP), more
preferably 2.5 to 4 65   mPa.s (2.5 to 4 cP), edges and side walls of
apertures are not roughened and apertures having a precise 3    EP 0 158
178 B1 shape and size can be formed, thereby obtaining a high quality
shadow mask. Note that a change in the viscosity in Figs. 4 and 5 was
achieved by varying the content of ferric chloride solution at a
temperature of [err] within the range between 35 and 50% by weight. Setting
of the viscosity of the etching solution within the above range depends
upon spray etching conditions, i.e., a spray pressure, a spray angle, a
spray flow rate and the like. Therefore, the optimum viscosity for each
etching apparatus and etching conditions must be experimentally selected.
However, in any case, when the viscosity of the etching solution was 1
mPa.s (1 cP) or less, the viscous layer became too thin and the etching
rate was too high. For this reason, the shadow mask having apertures with
smooth edges and side walls could not be obtained. On the other hand, when
the viscosity of the etching solution 10  exceeded 5 mPa.s (5 cP), the
shadow mask of required quality could not be manufactured, but could not be
mass produced. The viscosity of the etching solution is influenced by a
solution temperature and a concentration thereof. When the solution
temperature is less than [err], mass-producibility is degraded, and when it
exceeds [err], since a considerable amount of etching solution is
evaporated, the composition of the 15  solution becomes unstable and the
etching resistivity of the photosensitive film is decreased, thus easily
forming pin holes. Therefore, the temperature of the etching solution
preferably falls within the range between 40 and [err], more preferably,
between 50 and [err]. When the concentration of the etching solution, i.e.,
a ferric chloride solution is less than 35% by weight, fatigue of the
etching solution becomes considerable and therefore etching ability cannot
be constantly controlled. However, when the 20  concentration of the
etching solution exceeds 50% by weight, even if the solution temperature is
increased, the etching rate is too low and is not suitable for mass
production. In addition, since this concentration is near a saturation
point, it cannot be stably maintained. Therefore, the concentration of the
etching solution preferably falls within the range between 35 and 50% by
weight. Ferric chloride contained in the etching solution is turned into
ferrous chloride by etching of the 25  shadow mask material, thus losing
etching ability. However, when a chlorine gas is introduced, ferrous
chloride can be turned back into ferric chloride. Therefore, an etching
process line with a mechanism for the introduction of a chlorine gas,
addition of water, and temperature control is preferably used. Under the
above conditions, the shadow mask material having two surfaces coated with
the etching- protective films was subjected to etching so as to form
apertures of a desired shape and size, and 30  thereafter, the resultant
structure was subjected to steps of washing with water, removal of
etchirig- protective films using a high temperature alkali solution,
washing with water, and drying, thus obtaining the shadow mask.  - In the
above example, 36Ni-invar is used as a material of the shadow mask.
However, the present invention is not limited to this, and Ni-Fe alloy
containing 30 to 45% of Ni is preferably used. For example, 35  42Ni alloy,
a super invar such as 32Ni-5Co alloy or the like which are generally termed
invar type alloys can be used. As described above, according to the present
invention, the thickness of a viscous layer formed on an etching interface
is controlled by maintaining the viscosity of an etching solution within a
predetermined range. Thus, variation in an etching rate in a surface of a
shadow mask material is controlled and uniform 40  etching can be
performed. As a result, apertures having a required shape and size can be
formed, thereby obtaining a color picture tube having a high quality shadow
mask and good white uniformity. Claims 1. A method of manufacturing a
shadow mask, comprising the steps of: forming an etching-protective film
having a pattern of a number of apertures on a surface of a thin metal
plate containing iron and nickel as major components; and etching said thin
metal plate using a ferric chloride solution as an etching solution so as
to form a number of apertures in said thin metal plate, characterized in
that 50     the concentration of ferric chloride in the etching solution
falls within a range between 35 and 50% by weight and the viscosity of said
etching solution is controlled in the range of 1 to 5 mPa.s (1 to 5 cP),
preferably 2 to 5 mPa.s (2 to 5 cP). 2 A method according to claim 1.
characterized in that the viscosity of the etching solution is controlled
55  in the range of 2.5 to 4 mPa.s (2.5 to 4 cP). 3. A method according to
claim 1, characterized in that a temperature of the etching solution falls
within a range between 40 and [err]. 4. A method according to claim 3,
characterized in that a temperature of the etching solution falls 



within a range between 50 and [err]. so      5. A method according to claim
1, characterized in that the step of etching is performed by a spray
method. 6. A method according to claim 1, characterized in that said thin
metal plate is made of Ni-Fe alloy containing 30 to 45% Ni. 65 4    EP 0
158 178 B1 shape and size can be formed, thereby obtaining a high quality
shadow mask. Note that a change in the viscosity in Figs. 4 and 5 was
achieved by varying the content of ferric chloride solution at a
temperature of [err] within the range between 35 and 50% by weight. Setting
of the viscosity of the etching solution within the above range depends
upon spray etching 5  conditions, i.e., a spray pressure, a spray angle, a
spray flow rate and the like. Therefore, the optimum viscosity for each
etching apparatus and etching conditions must be experimentally selected.
However, in any case, when the viscosity of the etching solution was 1
mPa.s (1 cP) or less, the viscous layer became too thin and the etching
rate was too high. For this reason, the shadow mask having apertures with
smooth edges and side walls could not be obtained. On the other hand, when
the viscosity of the etching solution 10  exceeded 5 mPa.s (5 cP), the
shadow mask of required quality could not be manufactured, but could not be
mass produced. The viscosity of the etching solution is influenced by a
solution temperature and a concentration thereof. When the solution
temperature is less than [err], mass-producibility is degraded, and when it
exceeds [err], since a considerable amount of etching solution is
evaporated, the composition of the solution becomes unstable and the
etching resistivity of the photosensitive film is decreased, thus easily
forming pin holes. Therefore, the temperature of the etching solution
preferably falls within the range between 40 and [err], more preferably,
between 50 and [err]. When the concentration of the etching solution, i.e.,
a ferric chloride solution is less than 35% by weight, fatigue of the
etching solution becomes considerable and therefore etching ability cannot
be constantly controlled. However, when the 20  concentration of the
etching solution exceeds 50% by weight, even if the solution temperature is
increased, the etching rate is too low and is not suitable for mass
production. In addition, since this concentration is near a saturation
point, it cannot be stably maintained. Therefore, the concentration of the
etching solution preferably falls within the range between 35 and 50% by
weight. Ferric chloride contained in the etching solution is turned into
ferrous chloride by etching of the 25  shadow mask material, thus losing
etching ability. However, when a chlorine gas is introduced, ferrous
chloride can be turned back into ferric chloride. Therefore, an etching
process line with a mechanism for the introduction of a chlorine gas,
addition of water, and temperature control is preferably used. Under the
above conditions, the shadow mask material having two surfaces coated with
the etching- protective films was subjected to etching so as to form
apertures of a desired shape and size, and 30  thereafter, the resultant
structure was subjected to steps of washing with water, removal of etching-
protective films using a high temperature alkali solution, washing with
water, and drying, thus obtaining the shadow mask. In the above example,
36Ni-invar is used as a material of the shadow mask. However, the present
invention is not limited to this, and Ni-Fe alloy containing 30 to 45% of
Ni is preferably used. For example, 36  42Ni alloy, a super invar such as
32Ni-5Co alloy or the like which are generally termed invar type alloys can
be used. As described above, according to the present invention, the
thickness of a viscous layer formed on an etching interface is controlled
by maintaining the viscosity of an etching solution within a predetermined
range. Thus, variation in an etching rate in a surface of a shadow mask
material is controlled and uniform 40  etching can be performed. As a
result, apertures having a required shape and size can be formed, thereby
obtaining a color picture tube having a high quality shadow mask and good
white uniformity. Claims 45     1. A method of manufacturing a shadow mask,
comprising the steps of: forming an etching-protective film having a
pattern of a number of apertures on a surface of a thin metal plate
containing iron and nickel as major components; and etching said thin metal
plate using a ferric chloride solution as an etching solution so as to form
a number of apertures in said thin metal plate, characterized in that 50
the concentration of ferric chloride in the etching solution falls within a
range between 35 and 50% by weight and the viscosity of said etching
solution is controlled in the range of 1 to 5 mPa.s (1 to 5 cP), preferably
2 to 5 mPa.s (2 to 5 cP). 2. A method according to claim 1, characterized
in that the viscosity of the etching solution is controlled 



55  in the range of 2.5 to 4 mPa.s (2.5 to 4 cP). 3. A method according to
claim 1, characterized in that a temperature of the etching solution falls
within a range between 40 and [err]. 4. A method according to claim 3,
characterized in that a temperature of the etching solution falls within a
range between 50 and [err]. 60      5. A method according to claim 1,
characterized in that the step of etching is performed by a spray method.
6. A method according to claim 1, characterized in that said thin metal
plate is made of Ni-Fe alloy containing 30 to 45% Ni. 65 4    EP 0158178 BI
Patentanspruiche 1. Verfahren zur Herstellung einer Schattenmaske durch
Ausbilden eines Atzschutzfilms mit einem Muster entsprechend einer Anzahl
von Offnungen auf einer Oberflache eines dOnnen Metallblechs mit 5    Eisin
und Nickel als Hauptbestandteilen und Atzen des dunnen Metallblechs unter
Verwendung einer Eisen(lll)-chlorid-L-sung als Atzl6sung zur Bildung einer
Reihe von Offnungen in dem  dunnen Metallblech, dadurch gekennzeichnet, dag
die Konzentration des Eisen(ill)-chlorids in der Atzlasung in einen Bereich
zwischen 35 und 50 Gew.-% fallt und die Viskositit der Atzlosung im Bereich
von 1-5 mPas-s (1-5 cP), vorzugsweise 2-5 mPa-s (2-5 cP) t   gesteuert
wird. 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die
Viskositit der Atzlosung im Bereich von 2,5-4 mPa-s (2,5-4 cP) gesteuert
wird. 3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die
Temperatur der Atzlosung in einen Bereich zwischen 40 und 70C falit. r5
4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dal3 die Temperatur
der Atzlosung in einen Bereich zwischen 50 und 60C f3l1t. 5. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daB das Atzen nach einem Spruhverfahren
erfolgt. 6. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das
dunne Metallblech aus einer 30-45% 20    Ni enthaltenden Ni-Fe-Legierung
besteht. Revendications K-             1. Procede de fabrication d'un
masque perfore, comprenant les operations suivantes: 25       former une
pellicule de r6serve anti-gravure, dont la configuration pr6sente un
certain nombre d'ouvertures. A Ia surface d'une mince plaque metallique
contenant comme constituants principaux der for et du nickel; et graver
ladite mince plaque metallique en utilisant comme solution de gravure une
solution de chlorure ferrique afin de former un certain nombre d'ouvertures
dans ladite mince plaque metallique, caracteris6 en 30   co que: la
concentration de la solution de gravure en chlorure ferrique se trouve dans
l'intervalle de 35 A 50% en poids, et la viscosite de ladite solution de
gravure est ajustee de maniere A se trouver dans l'intervalle de 1 A 5
mPa-s (de 1 a 5 cP), de preference de 2 a 5 mPa-s (de 2 A 5 cP). 35
2. Proc6de selon la revendication 1, caracterise en ce que la viscosit6 de
la solution de gravure est ajustee de maniere A se trouver dans
l'intervalle de 2,5 a 4 mPa-s (2,5 a 4 cP). 3. Proc6d6 selon la
revendication 1, caract6rise en ce que la temperature de la solution de
gravure se trouve dans l'intervalle de 40 a 700C. 4. Proc6d6 selon la
revendication 1, caract6rise en ce que la temperature de la solution de
gravure se 40   trouve dans l'intervalle de 50 A 600C. 5. Procede selon la
revendication 1, caracterise en ce qu'on execute l'opdration de gravure par
un proc6de de pulverisation. 6. Proced6 selon la revendication 1,
caracterise en ce que ladite mince plaque metallique estfaite d'un alliage
de Ni-Fe contenant de 30 A 45% de Ni. 45 so 50 65    


