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[57] ABSTRACT

A shadow mask is initially prepared with apertures di-
mensioned for printing a latent image of the pattern of
apertures onto the faceplate of a color picture tube
and, after this has been accomplished, the mask is re-
etched to enlarge the apertures to a desired size in a
final size relationship from aperture to aperture. An
improvement in the re-etch process is achieved by en-
larging the apertures of the shadow mask by differen-
tially applying a suitable etchant thereto such that
more etchant is applied to a second set of apertures
susceptible to enlargement at a slower rate than to a
first set of apertures susceptible to enlargement at a
faster rate whereby the apertures are enlarged without
disrupting the pattern. An apparatus for use with such

process is also provided.

6 Claims, 6 Drawing Figures
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1
ETCH-BACK PROCESS
BACKGROUND OF THE INVENTION

The invention is particularly concerned with screen-
ing of a color picture tube characterized by the fact
that the viewable phosphor elements are smaller than
the apertures of the color-selection electrode. Typical
of this kind of tube is that which is known as a black-
surround picture tube. The tube may come in different
sizes and configurations, being either rectangular or
round. The phosphor pattern usually consists of inter-
leaved deposits of variotis phosphor materials arranged
in the form of dot triads. The preserit invention how-
ever is not particularly affected by the choice of a par-
ticular dot triad structure, but for convenience, it will
be assumed that the tube in process is rectangular and
has dots of red, green and blue phosphor materials ar-
ranged to define a multiplicity of dot triads disposed
~ throughout a rectangularly shaped image field.

The tube of the type under consideration differs from
the miore convertional shadow mask tubes, for exam-
ple, in that the viewable phosphior deposits are reduced
in size. In the conventional tube the phosphior dots are
in tangential contact with one anothet, whereas in the
black-surround tube to which -this invention is espe-
cially directed, the reduced phosphor dots are sepa-
rated from one another. Their separation provides ele-
mental poftions of the screen surface to which a black
pigterit or other light-absorbing material may be ap-
plied, surrounding each phosphor with the light-
absorbing material and giving rise to its name “black
surfound” tube. In its preferred form, the phosphor
dots are smialler in diameter than the holes of the
shadow mask in order that the cross-sectional area of
the eleéctron beams will be larger than the phosphor
dots to provide a guard band or tolerance for color pu-
rity in the picture tube. A tube of this description is the
subject of U.S. Pat. No. 3,164,368 issued Aug. 25,
1964 in the name of Fiore, et al., and assigried to the
assignee of the present invention. It has vastly im-
proved brightness and contrast properties.

In the manufacture of tubes of the type under consid-
eration difficulty has been experienced in obtaining the
necessary dimensional relation of phosphor dots to
electron beam size or cross-sectional diameter. An ef-
fective solution to the problem which is successful in
the commercial production of black-surround tubes
has been the re-etch or etch-back process. In accor-
dance with that process the mask has a field of aper-
tures that are etched initially to a predetermined size
and in a predetermined size relationship from aperture
to aperture for use in photoresist printing of the screen.
This is a well-known printinig process which takes ad-
vantage of the property of a photosensitive resist
which, upon exposute to actinic energy, changes its sol-
ubility in a particular solvent. The most attractive em-
bodiment of the screening process uses a water-based
system comprising an aqueous solution of sensitized
polyvinyl alcohol which is rendered insoluble in water
when exposed to ultraviolet light. After the three phos-
phor'materials have beeén applied to the screen area in
locations precisely determined by exposure through the
shadow mask of the color picture tube, that mask is
then subjected to a second etching process in order to
etilarge the apertures to a size greater than that which
is used for screening.
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One difficulty experienced in the re-etch or etch-
back process has been that, although the apertures of
the color selection electrode during screening are of
the proper size, certain ones of the apertures of the
color selection electrode have cross-sections which
render them susceptible to enlargement at a faster rate
than others. Consequently, uniform processing of the
shadow mask during re-etch renders such apertures
larger than desired compared to those apertures which
enlarge at a slower rate. Therefore, a shadow mask hav-
ing apertures of proper size in a final desired size rela-
tionship from aperture to aperture is difficult if not im-
possible to obtain using conventional methods.

The present invention is an attractive: improvemerit
in that it assures that all of the apertures of the shadow
mask are of the proper size in a desired final size rela-
tionship from aperture to aperture.

Accordingly, it is an object of the present invention
to provide an improved re-etch process which circum-
vents the prior art difficulties.

It is a particular object of the invention to provide an
improved re-etch process which compensates for the
differing aperture enlargement rates precipitated by
the differing aperture cross-sections, to obtain a color
selection electrode which has apertures of the final
proper aperture size in a final aperture size relationship
from aperture to aperture.

It is an additional object of the invention to provide
an improved re-etch apparatus for obtaining a color se-
lection electrode having apertures of the proper size in
a final size relationship from aperture to aperture not-
withstanding the differing enlargement rates of the ap-
ertures in a color selection electrode.

SUMMARY OF THE INVENTION

The invention provides in the manufacture of a color
cathode-ray tube including an image screen and a
shadow mask provided with a multiplicity of apertures
arranged in a predetermined pattern, certain ones of
the apertures comprising a first set being susceptible to
enlargement at a faster rate upon subsequent etching
than certain other of the apertures comprising a second
set, a method which comprises the steps of printing a
latent image of the pattern of apertures on the face-
plate with the shadow mask and subsequently enlarging
the apertures of the shadow mask by differentially ap-
plying etchant thereto such that more etchant is ap-
plied to the second set than to the first set of apertures

) whereby the apertures are enlarged without disrupting

the pattern.

The present invention also provides an apparatus for
re-etching the apertures of a color cathode-ray tube
shadow mask of the type which comprises a multiplicity
of apertures arranged in a predetermined pattern, and
having an initial predetermined size relationship from
aperture to aperture, certain ones of the apertures
comprising a first set being susceptible to enlargement
at-a faster rate than certain other apertures comprising
a second set upon exposure to an etchant capable of at-
tacking the color selection electrode. Support means
for supporting the shadow mask disposes the shadow
mask ‘in a substantially horizontal position. Spray
means comprising a plurality of spray nozzles are dis-
posed beneath the shadow mask for differentially ap-
plying the etchant thereto, to apply more etchant to the
second set than to the first set of apertures to thereby
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render all the apertures enlarged without disrupting the
predetermined pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the
appended claims. The invention, together with further
objects and advantages thereof, may best be under-
stood by reference to the following description taken in
conjunction with the accompanying drawings, in the
several figures of which like reference numerals iden-
tify like elements and in which:

FIG. 1 is a perspective schematic representation illus-
trative of a manufacturing apparatus used for manufac-
turing a shadow mask;

FIG. 2 is a fragmentary cross-sectional view taken on
lines 2—2 of FIG. 1;

FIG. 3a is a fragmentary cross-sectional view to an
enlarged scale illustrative of the cross section of one of
the apertures produced by the shadow mask manufac-
turing process;

FIG. 3b is a fragmentary cross-sectional view to an
enlarged scale illustrative of the cross section of an-
other aperture produced by the shadow mask manufac-
turing process;

FIG. 4 is a schematic representation of a shadow
mask in position in a re-etch work station embodying
the present invention and of the type which may be
used to practice the present invention; and

FIG. 5 is a graph which is used in explaining the ef-
fects of different aperture cross sections in the re-etch
process.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A screen of the black-surround tube may be prepared
in either of two ways, that is to say, the black-surround
pattern may first be developed on the image area fol-
lowed by the application of interleaved patterns of
three different phosphor materials or the phosphors
may be applied first after which the areas intervening
the phosphor deposits are covered with light-absorbing
material. In either event, the shadow mask is used in
forming black-surround holes or phosphor deposits
that are smaller in diameter than the apertures of the
mask as finally installed in the tube. The present inven-
tion may be completely understood apart from a dis-
cussion of the process for forming the black-surround
and therefore, this aspect will not be described.

The technique of applying a multiplicity of phosphor
dot triads throughout the image or screen area of a
rectangularly shaped color tube is well known to the art
and need not be recited in detail here. Briefly, the face-
plate section of the envelope, while still physically sep-
arated from the conical envelope portion, is chemically
cleaned and then coated with a photosensitive material
such as a water-base slurry of polyvinyl alcohol sensi-
tized by ammonium dichromate. It is also common
practice to include one of the three color phosphors as
an ingredient of the slurry. Assume that green phos-
phor is the first to be applied. The slurry-coated face-
plate with shadow mask installed is secured in an expo-
sure position in an exposure chamber or lighthouse. A
source of ultraviolet light, positioned to simulate the
electron gun of the tube in process that is assigned to
excite green phosphor, is energized to direct actinic en-
ergy through the apertures of the shadow mask to the
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coated image area. The portions of the slurry layer
which are exposed are rendered insoluble in water and
constitute a latent image of the green phosphor deposit.
That image is developed, after the shadow mask has
been removed, by washing the screen with water. This
leaves deposits of green phosphor in elemental areas
distributed throughout the screen or image area. In like
fashion, but with slurries that individually have red and
blue phosphor ingredients, the red and blue phosphor
dots are established. It is, of course, required that the
light source, in the application of each of these two ad-
ditional phosphors, simulate the electron beams of the
tube assigned to excite the respective phosphors. This
is a well-known photo mechanical printing process in
wide commercial use in the production of three-color
shadow mask picture tubes. In the printing process the
shadow mask serves as a pattern to precisely locate and
dimension the various phosphor deposits that consti-
tute the desired phosphor triads. To serve in that ca-
pacity, the mask is prepared with a dome shape which
approximates a spherical section having a rectangular
field of apertures or holes, individually smaller than de-
sired in the final form of the mask but accurately di-
mensioned for use in screening. To achieve the desired
final aperture size, the mask is re-etched after the
screening shall have been accomplished and the re-
mainder of this description will confine itself to the re-
etching steps.

The general principles of chemical miiling by which,
for example, a metallic workpiece which is etchable in
a particular etchant is provided with an aperture pat-
tern are well known. Such a chemical milling apparatus
is schematically illustrated in FIG. 1. The metallic
workpiece which eventually becomes the shadow mask
is in a rolled up configuration such as steel roll 10. It
is disposed in a vertical position to be unwound so that
the metal sheet may be pulled through the etching ap-
paratus. The apparatus is provided with a plurality of
spray nozzles on both sides of the vertically disposed
workpiece, spray nozzles 11-15 being on one side and
spray nozzles 16-20 on the other. The spray nozzles are
disposed horizontally so that the etchant solution, nor-
maily ferric chloride, supplied through supply pipes 21
and 22 may be sprayed onto the vertically disposed
workpiece in a direction which is normal to the work-
piece. Deposited onto both sides of the metal sheet is
a coating of material which is resistive to the ferric
chloride etchant solution. The resistive material has
previously been subjected to an exposure process the
result of which can be more clearly seen in FIG. 2.
Metal sheet 30 is covered with layers 31 and 32 of etch-
ant resistive material with exposed areas defining the
desired aperture dimensions. Spray nozzles 15 and 20
spray the etchant solution on both sides of the sheet.
The exposed areas on the side of sheet 30 sprayed by
nozzle 15 are substantially larger in diameter than the
exposed areas of the sheet on the side being sprayed by
spray nozzle 20. This is done to obtain an aperture hav-
ing a small diameter on one side of the sheet and a
larger diameter on the other.

Cross-sectional representations of the apertures pro-
duced by this process are shown in FIGS. 3a and 3b.
Aperture 40 is typical of those apertures formed at the
top of the vertically disposed metal sheet and which are
of the generally desired cross-sectional configuration.
The cross section of the aperture is uniform throughout
its circumference and more importantly lip portion 41
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is of a constant width. Unfortunately, not all of the ap-
ertures produced by the chemical milling process are of
this uniform cross-sectional configuration. For example
as shown in FIG. 3b, aperture 45 has a non-uniform
cross section. It has a pronounced undercutting in por-.
tions 46 and 47 and also lip portion 48 is not of a con-
stant width, being thinner at the top of the aperture
than at the bottom. Aperture 45 is illustrative of those
produced at the bottom of the vertically disposed metal
sheet. The differing cross sections of apertures 45 and
40 is believed to resuit from aperture 45 experiencing
a greater degree of etchant run off than aperture 40.
Note that the apertures formed at the bottom of the
- worksheet receive all of the etchant run off from those
spray nozzles located above it while apertures formed
at the top of the sheet are not subjected to appreciable
run off. The run off is believed to interfere with the
spray pattern and cause the differential etching of aper-
" tures near the bottom as illustrated by aperture 45.
Why this actually occurs is unknown.
Even though these non-uniformities in cross-
-sectional area occur, the aperture areas are still of
proper size and in the proper size relationship from ap-
. erture to aperture.
~ Unfortunately, aperture 45 will enlarge at a faster
rate during re-etch than aperture 40. This is because of
the narrow upper lip portion 48 of aperture 45 which
will etch away faster than either the lower or upper lip
portions of aperture 40. If all of the apertures of the
shadow mask were re-etched under the same condi-
tions, the apertures at the bottom of the mask, with the
general cross-sectional configuration of aperture 45,
will be too large in area and thus not be of the proper
size or in the proper size relationship from aperture to
aperture. For convenience, the apertures, represented
by aperture 45 which will enlarge at a faster rate upon
re-etch will be defined as as apertures comprising a first
set and those apertures represented by aperture 40 will
be defined as apertures comprising a second set.

The inventive method re-etches the shadow mask in
such a way that all the apertures achieve a final proper
size in a final predetermined size relationship from ap-
erture to aperture.

An apparatus embodying the present invention and
which may be used in practicing the inventive method
is shown in FIG. 4. The shadow mask 50 is supported
by support means 51 in a substantially horizontal posi-
tion with the convex side of the aperture mask facing
downwardly. A plurality of spray nozzles 52-58 are ar-
ranged in an array and are located beneath shadow
mask 50. The spray nozzles project an etchant, suitable
for attacking the material of shadow mask 50 vertically
upward to apply the etchant to the shadow mask in a
substantially normal direction to the mask. The etchant
is supplied to the spray nozzles through supply pipe 60
which is connected to an etchant supply tank (not
shown). The array of spray nozzles may be rotated by
a rotating means (not shown) as represented by arrow
61 to compensate for any non-uniformity in the spray
projected from the spray nozzles.

As explained earlier, the apertures comprising the
first set, namely those enlargeable at a faster rate than
those.of the second set and having the general cross-

sectional configuration of aperture 45 of FIG. 3b, are

located generally at the bottom of the metal worksheet
of FIG. 1. These apertures are represented as being lo-
cated in area 70 of shadow mask 50 of FIG. 4. As ex-
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plained earlier, the difference in the enlargement rate
of the two sets of apertures is compensated for. This is
achieved by applying more etchant to the apertures of
the second set. This may be accomplished by providing
shield 71 to inhibit the etchant from attacking those ap-
ertures comprising the first set. The linear array of
spray nozzles is rotated and the etchant from these noz-
zles is applied to the mask for a sufficient amount of
time to allow the second set of apertures to become
larger in size than the apertures of the first set. Then
the etchant from spray nozzles 52-58 is applied to all
of the apertures by removing shield 71 with removing
means (not shown), or by placing the shadow mask into
another etchant apparatus not having a shield.

To avoid having to remove shield 71 or placing the
shadow mask into another etchant apparatus, the
amount of etchant applied to the first and second set of
apertures may optionally be controlled by perforating
shield 71. Perforations 72 of shield 71 allow less etch-
ant to reach the first set of apertures in region 70 than
reaches the non-shielded portions of the shadow mask
comprising the apertures of the second set. The dimen-
sion and size of the perforations may be adjusted so
that the proper amount of etchant is applied to each set
of apertures. '

FIG. 5 shows a graph representing the typical differ-
ence in the rate of enlargement of the apertures as
represented in FIGS. 3a and 3b. Plot 80 represents a
typical aperture-size-etch time relationship for an aper-
ture ‘having the general configuration of an aperture
such as aperture 40 of FIG. 3a. Plot 81 is a typical aper-
ture size-etch time relationship for an aperture such as
aperture 45 of non-uniform.cross section and can be
seen to have an etching rate greater than that of the ap-
erture 40 represented in FIG. 3a. A graph such as the
one represented in FIG. § can be arrived at by empiri-
cal analysis for deriving the particular time parameters
to be used for the inventive process.

The present invention provides an apparatus and a
method of producing a color selection electrode having
a multiplicity of apertures of the proper size and the
proper size relationship from aperture to aperture not-
withstanding the differences in the cross-sectional con-
figuration of the apertures after an initial chemical mill-
ing process.

While particular embodiments of the invention have
been shown and described, .it will be obvious to those
skilled in the art that changes and modifications may be
made without departing from the invention in its
broader aspects, and, therefore, the aim in the ap-
pended claims is to cover all such changes and modifi-
cations as fall within the true spirit and scope of the in-

.vention.

I claim:

1. In the manufacture of a color tube including a
faceplate having an image screen and a shadow mask
of etchable material provided with a multiplicity of ap-
ertures arranged in a predetermined pattern, certain
ones of said apertures comprising a first set being sus-
ceptible to enlargement at a faster rate upon subse-
quent etching than certain other ones of said apertures
comprising a second set, the method comprising the
steps of:

printing a latent image of said pattern of apertures on

said faceplate with said shadow mask; and
subsequently enlarging the apertures of said shadow
mask by differentially applying etchant thereto
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such that more etchant is applied to said second set
than to said first set of apertures whereby said aper-
tures are enlarged without disrupting said pattern.

2. A method in accordance with claim 1 where said
etchant is differentially applied to said mask such that
more of said etchant is applied to said second set of ap-
ertures than to said first set of apertures by first apply-
ing said etchant to said second set of apertures to
thereby render said second set of apertures larger than
said first set, and thereafter applying said etchant to all
of said apertures.

3. A method in accordance with claim 2 where said
etchant is first applied to said second set of apertures
by spraying said etchant onto said mask while shielding
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said first set of apertures from said etchant spray.

4. A method in accordance with claim 1 where more
of said etchant is applied to said second set of apertures
than to said first set by spraying said etchant onto said
mask while partially shielding said first set of apertures.

5. A method in accordance with claim 1 where said
etchant is applied to said mask by spraying said etchant
onto said mask in a substantially normal direction to
said mask.

6. A method in accordance with claim 5 where said
etchant is sprayed onto said mask by a rotating array of

a plurality of spray nozzles.
* * * * *



