211 963 A2

o

Europaisches Patentamt

® o, European Patent Office

Office européen des brevets

@ Publication number: 0211963
A2

®@ EUROPEAN PATENT APPLICATION

@) Application number: 84111579.3

@ Date of filing: 27.09.84

& mtcHO1J 29/07,HO1J 9/227,
HO1J 9/26

80 Priority: 30.09.83 US 538003

@ Date of publication of application: 04.03.87
Bulletin 87/10

@) Designated Contracting States: BE DE FR GB IT NL

@ Applicant: ZENITH ELECTRONICS CORPORATION,
Zenith Center 1000 Milwaukee Avenue, Glenview
Hlinols 60025 (US)

@ Inventor: Palac, Kazimir, 628 Hawthorne Lane, Deceased
(us)

@ Representative: Balllie, laln Cameron et al, c/o Ladas &
Parry Isartorplatz 5, D-8000 Miinchen 2 (DE)

69 Color cathode ray tube and component thereof and method of manufacturing same.

6 A novel color selection electrode assembly is utilized
in screening a pattern of phosphor areas upon the faceplate
of a color cathode ray tube. The faceplate, which is formed
of a material having a predetermined temperature coef-
ficient of expansion, has registration affording means. The
aforesaid assembly comprises an auxiliary mount formed of
a material having a temperature coefficient of expansion
greater than that of the faceplate and has a central opening
of such span as to enable the mount to surround the peri-
phery of the facepiate. Index bosses, cooperable with the
faceplate registration affording means, are detachably
secured to the mount. A pianar metal foil having a predeter-
mined pattern of apertures and formed of a material having
a temperature coefficient of expansion not greater than that
of the mount 'is secured to the mount. The index bosses
cooperate with the registration affording means on the en-
velope to permit repeated precise registrations between the
foil and the faceplate to facilitate screening of the phosphor
pattern as well as to facilitate mating of the electrode as-
sembly to the facepiate. Finally, the invention contemplates
a method of utilizing the electrode assembly for screening
a phosphor pattern as well as methods of making a color
cathode ray tube having such an electrode assembiy.
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This invention relates in general to color
cathode ray tubes, and in particular to a color selec-
tion electrode assembly for use therein. Of equal
significance, the invention is concerned with methods of
manufacturing the electrode assembly as well as a
cathode ray tube utilizing the assembly.

In general, a color selection electrode or
"shadow mask" is a device which is disposed adjacent
the luminescent phosphor screen that forms the target
electrode of a color cathode ray tube, to control the
landing pattern of one or more electron beams as they
are swept across the screen. The shadow mask achieves
color selection by partially shadowing the surface
of the screen from scanning electron beams, permitting
access to selected elemental phosphor areas by those
beams. The choice of a color selection electrode for
use in color television cathode ray tubes is, by and
large, a choice between a non-tensed electrode and a
tensed electrode. The most common type of color
selection electrode used in color television receivers
today is the non-tensed type.

In color picture tubes utilizing an untensed
shadow mask, there is a tendency on the part of the
mask to "dome" (localized buckling) in those areas
where a scene characterized by very high brightness is
depicted. For example, in a scene where a high con-
centration of white is presented for an extended period
of time, when the beams sweep that area of the screen
the current in each beam peaks precipitously with
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dn attendant localized heating of the mask. As a
result of such a concentration of heat, that area of
the mask expands and displaces itself from its original
"cold" position to a position in which it does not
effect proper masking of the writing electron beams.
As a result, color purity is degraded. Moreover, be-
cause of its vulnerability of "doming", an untensed
mask cannot accommodate the power density that a
"doming-resistant" tensed mask can.

The general practice in cathode ray tubes
manufactured for use in color television receivers is
to position the untensed mask at an assigned location,
relative to the phosphor screen, by suspending it from
three preselected points disposed about the periphery of
the tube's face panel. This suspension accommodates
overall thermal expansion of the mask by causing the
mask to be displaced toward the screen from its origianal
position by provision of bi-metallic support springs;
however, such provision can not resolve the above-
described localized "doming" problem caused by con-
centrated heating in localized areas of the mask.

Cathode ray tubes using a tensioned color
selection electrode are known such as the electrode
used with a cylindrical faceplate CRT as described in
U.S. Patent No. 3,638,063. 1In that tube, the color
selection electrode comprises a grid formed of a multi-
tude of pérallel conductors tensed across a rigid
frame. This grid serves to magk the wiring beams to
fall upon the desired light emitting phosphor.

The mask supporting frame is mechanically
stressed, as by compressing it, prior to attaching the
shadow mask thereto. Upon release of the compression
force, restoration forces in the frame establish ten-
sion in the mask.

An advantage of utilizing a tensed mask re-
sides in the fact that the mask, while under tension,
will not readily submit to "doming"”. The mask retains
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its desired configuration until the heat generated by
the scanning beams impinging thereon is sufficient to
cause the area of the mask under bombardment to "relax"
enough to negate the pre-~established expansion of the
mask with resultant development of color impurities.

The color television cathode ray tube in
most common usage today employs a faceplate which ap-
proximates a section of a large radius sphere. The
shadow mask in such a tube, of course, is contoured to
match the faceplate. A trend today is toward a flat-
ter faceplate which, in turn, calls for a flatter
shadow mask. One approach currently being pursued
resorts to an untensed flat metal mask employed in
conjunction with a substantially flat faceplate. How-
ever, a flat mask is inherently less mechanically stable
than a curved mask. Accordingly, to acquire stability,
resort is had to a thicker mask, for example, one
having a thickness in the order of 10 to 12 mils.

This is approximately twice the thickness of a con-
ventional curved mask. However, when one goes to a
flat 10 to 12 mil mask the aperture etching process

is presented with horrendous problems. Specifically,
in order to prevent aperture limiting of the beam at
the outer reaches of the mask, as would be encountered
in a 90 degree tube, the apertures have to be etched at
an angle to the>p1ane of the mask, rather than etched
substantially perpendicular to that plane as is the
case for a conventional curved mask.

An early example of a tensed shadow mask for
use in a color television cathode ray tube is described
in U.S. Patent No. 2,625,734. The tensed mask described
therein was created by resort to a process called
"hot-blocking". The practice was to insert a flat
mask between a pair of frames which loosely received
the mask. A series of tapped screws joining the two
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frames served to captivate the mask when the screws
were subsequently drawn-down. The loosely assembled
frame and mask was then subjected to a heat cycle by
positioning heated platens adjacent the mask to heat
and thereby expand it. The frame, however, was kept
at room temperature. When the mask attained a de-
sired expansion, the frame screws were tightened to
captivate the mask in its expanded state. The heating
platens were then removed. Upon cooling down to room
temperature, the mask was maintained under tension by
the frame. The resultant aaséembly was then mounted
inside the tube adjacent the phosphor screen.

U.S. Patent No. 3,284,655 to -0ess
is concerned with a direct viewing storage cathode ray
tube employing a mesh storage target which is supported
in a plane perpendicular to the axis of the tube. The
mesh target comprises a storage surface capable of
retaining a charge pattern which, in turn, control the
passage therethrough of a stream of electrons. From
a structural standpoint, it is proposed that mesh
storage screen be affixed (no details given) to a
circumferential ring that is disposed across the open
end of envelope member. One end of the ring is in
contact with the edge of the envelope member which has
a coating of glass frit applied thereon. The end wall
of another envelope member, also coated with frit, is
placed in contact with the other side of the ring so
that the end walls of the envelope members now abut
both sides of the ring. Thereafter this assembly is
frit sealed to secure the ring and mesh target within
the tube.

It is of particular significance that the
electrode spanning the inside of the tube envelope is
a mesh screen that is not said to be subject to tension
forces. Moreover, the mesh screen is not a color sel-

ection electrode that serves to direct a writing beam
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selected elemental areas of color phosphors. Finally,
there is no criticality, perceived or discussed, as
respects mesh target registration with the phosphor
layer on the faceplate.

U.S. Patent No. 2,813,213 describes a cathode
ray tube which employs a switching grid mounted ad-
jacent the phosphor screen to provide a post deflec-
tion beam deflecting force. Basically, it is proposed
to employ a taut wire grid that is sealed in the tube
envelope wall. In one embodiment, an external frame
is used to relieve the tension forces applied by the
taut grid to the glass wall of the tube. In another
embodiment, an arrangement is generally suggested but
not specifically disclosed utilizing a glass donut-
shaped structure into which the grid wires are sealed.
This donut assembly is proposed for insertion between
the faceplate 6f the tube and its conical section. Fol-
lowing tube assembly, the patent indicates that the
phosphors may be deposited on the faceplate by con-
ventional photographic processes. Since the applica-
tion of elemental color phosphor areas to the faceplate
of a tube is, in itself, a formidable task, it is )
quite unclear how this could be achieved with a grid
structure in situ across the faceplate as would be the
case in the patent which does not address this prob-
lem. . |

Other examples of the prior art practice in
this general area include structures utilizing a ten-
sioned grid-type structure in a cathode ray tube en-
vironment as described in the following U.S. Patents:
2,842,696, 2,905,845, 3,489,966, and 3,719,848. Also,
attention is directed to U.S. Patent No. 3,898,508
disclosing a faceplate and shadow mask (untensed) assembly
representative of current practice.

Accordingly, it is a general aim of the in-
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vention to provide a color cathode ray tube employing
an improved color selection electrode arrangement
and methods of manufacturing same which offers sig-
nificant economic advantages over prior art tubes
and methods

The present invention therefore provides
a color cathode ray tube including an envelope section
having a sealing land, a faceplate comprising a target
surface having a pattern of luminescent primary color
elemental phosphor areas deposited thereon and a seal-
ing land circumscribing said target surface and geo-
metrically matching said envelope section sealing
land, said faceplate sealing land having a plurality
of alignment elements selectively located and oriented

thereon, a color selection electrode affording selec~
tion of said phosphor areas by a scanning beam of
electrons comprising a planar tensed foil, having a
pattern of color selection apertures related to said
pattern of phosphor areas and having a temperature co-
efficient of expansion greater than that of said face-
plate, indexing means mechanically associated with said
foil and cooperable with said alignment elements of

said faceplate for establishing precise registration be-
tween said foil apertures and said elemental phosphor
areas of said target surface, and sealing means disposed
between said envelope section sealing land and said face-
place sealing land for permanently uniting said indexing
means and said alignment elements between said envelope
section and said faceplate sealing lands, and for bond-
ing said envelope section to said faceplate.

One of the features of the invention is that
it providés a color selection electrode of the tensed
type which has the anti-doming attribute of tension-type
electrodes, but without the power handling limitations
of prior art tension electrode systems.

A further advantage of the invention is that
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it provides an envelope-captivated tensed color sel-
ection electrode system having the advantages of such
systems, yet which is readily adapted to conventional
color tube photoscreening methods and apparatus.

A feature of a preferred embodiment of the
invention seeks to resolve the aperture etching
problem mentioned above with present-day tubes using a
flat mask thru the use of a color selection electrode
assembly characterized by a thin, flat, tensed foil
which, by virtue of its mounting, is mechanically
stable and which is thin enough as to not be afflicted
with the aggravated aperture etching problems posed by
a thick mask.

Further features and advantages of this in-
vention will be apparent from the following descrip-
tion of preferred embodiments of the invention taken
together with the accompanying drawings wherein:

Figure 1 is an exploded view, in perspective,
of the principal components of a color cathode ray
tube embodying the invention.

Figure 2 is an elevational view of a par-
tially assembled version of the tube shown in Figure
1.

Figure 3 is an enlarged sectional view of the
encircled fragment of the tube shown in Figure 2,
in which elements of the tube and foil registration
arrangements are detailed;

Figure 4 is a fragmentary sectional view
taken along lines 4-4 in Figure 3;

Figure 5 is a fragmentary sectional view
of a portion of a cathode ray tube depicting an al-
ternative facepanel/shadow mask registration arrange-
ment; and

Figure 6 is a schematic representation of a
lighthouse arrangement for screening a cathode ray
tube faceplate according to this invention.
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constructed in accordance with a preferred embodiment
of the invention, is shown in Figure 1 associated with
and forming an integral part of a color television
cathode ray tube 12. Tube 12 is depicted therein in
a perspective exploded format as an aid in visualiz-
ing the inventive concept. As will be described,
electrode assembly 10 is utilizable as a stencil for
use in screening a pattern of luminescent primary color
elemental phosphor areas upon the target surface 14 of
the envelope section 16 that comprises the faceplate of
tube 12. In the disclosed embodiment, faceplate 16 is
depicted as a glass panel formed of a material having
a predetermined temperature coefficient of expansion
and having a rearwardly extending skirt 18 that cir-
cumscribes target surface 14. The height of skirt 18
establishes the Q spacing for tube 12, that is, the
distance between target surface 14 and its shadow
mask, which, in the subject invention, comprises an
apertured foil which is described in detail below.
The end surface 20 of skirt 18, which is remote from
facepanel 16, constitutes a sealing land, a surface
for receiving a bead of frit 22, a devitrifying glass
adhesive employed in fabricating cathode ray tubes.
Preferably, the frit employed is a low-temperature
solder glass material whihc is available from Owens-
Illinois Inc. under their designation CV-130.

In any event, as will be shown, the electrode
assembly 10, upon completion of its screening function
is thereafter, at the option of the practitioner, frit

sealable to faceplate 16 to permit selective excitation

' of the primary color phosphors by a scanning electron

beam(s) when that assembly forms a constituent of a
color cathode ray tube. To this end, faceplate 16 is
provided with registration affording means or align-
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ﬁent elements, which take the form of a plurality of
V-grooves 24; in this execution they constitute three
slots which are milled into the surface of the face-
plate's sealing land 20. Preferably, the included
angle defined by the sloping walls of grooves 24 ap-
proximate sixty degrees and they are oriented so that
the bottom of each groove lies along a line that ex-
tends radially from the geometric center of the face-
plate.

Moreover, it is of particular significance
that V-grooves 24 do not extend completely across
sealing land 20, see Fiqures la and 3. The depicted
construction is resorted to in order to avoid a di-
rect communication through skirt 18 of the faceplate
which could compromise vacuum integrity once the face-
plate has been frit sealed to electrode assembly 10
and to a funnel 26. While not entirely discernible in
Figure 1, funnel 26 has a sealing land 28 which geo-
metrically matches faceplate sealing land 20. If
desired, funnel sealing land 28 may be provided with
a corresponding plurality of alignment elements (only
two shown), which also take the form of V-grooves 24’
milled into sealing land 28 and which are spatially
aligned with the faceplate V-grooves 24. Recourse to
V-grooves 24' is optional since it is appreciated that
other means for aligning the funnel sealing land 28
with faceplate sealing land 20 are well known. 1In
fact, a common practice is to use an "outside" reference
system, that is, one in which the funnel is aligned
to the face panel by positioning it against referenc-
ing snubbers. For sealing purposes, funnel land 28
receives a bead 22' of frit. Finally, faceplate 16,
as well as funnel 26, which includes a neck 27, are
formed of a material, e.g., a glass or ceramic compo-
sition, having a predetermined temperature coefficient
of expansion and which is readily amenable to frit
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sealing techniques.

The color selection electrode arrangement 10
shown in Figure 1 comprises an auxiliary severable
mount 30 defining a central opening of sufficient span
to enabie the mount to surround the periphery of
faceplate 16. Stated otherwise, the internal configura-
tion of the mount essentiallj.conforms to the periphery
of the faceplate, see Figures 2 and 3. Mount 30,
which adopts a rectangular configuration, is readily
formed from four butt-welded strips of L-shaped angle
metal. Strips of other geometry, of course, are also
suitable. In any event, mount 30 is formed of a ma-

terial having a temperature coefficient of expansion

~greater than that of envelope sections 16 and 26.

Thus, mount 30 can be formed from cold rolled steel,
stainless steel, nickel or monel to name a few of the
materials found acceptable in practicing the invention.
Electrode assembly 10 further comprises, at
this stage, an untensed planar foil 32 which has a
predetermined pattern of apertures which may be
triads of minute circular holes or, as now favored in
state of the art color television tubes, a myriad of
elongated narrow slots disposed perpendicular to the
major axis of the foil. The foil is tautly drawn
across the mount under the minimum tension required
to render the foil planar and it is then secured to
mount 30 by brazing or welding. In a manner to be de-
scribed, foil 32 will subsequently be converted to a
tension maks during the process employed to embody it
as a constituent of a cathode ray tube. Foil 32 has
a temperature coefficient of expansion-which is not
greater than that of mount 30 and, preferably, a tem-
perature coefficient less than that of the mount.
Thus, foil 32 can be formed from cold rolled steel,
or invar, to name two substances, each of which are
utilizable with mounts made from any of the above-

mentioned mount materials.
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Desirably, the thickness of foil 32 should
be less than 2 mils (.002 in.), otherwise unacceptable
stresses will be induced in a faceplate when the foil
is subsequently tensed and frit sealed to the face-
plate. Preferably, a foil having a thickness equal to
or less than 1 mil (.00l in.) is most suitable in
practicing the invention. 1In fact, when resort to
electro-forming of foils is had, foils having a thick-
ness of one-half mil (.005 in.) or less are realizable
and find practical application in the practice of the
invention.

As can be appreciated, a precise and, as
important, a repeatable, kinematic registration between
foil mount 30 and faceplate 16 is essential in order to
utilize foil 32 as a stencil in screening a pattern of
different elemental phosphor areas upon target sur-
face 14 of the faceplate.

Accordingly, to accomplish the aforesaid
kinematic registration, mount 30 comprises indexing
means in the form of a plurality of studs 34, one end
of each being detachably secured to a resilient coupling,
e.g., a leaf-type spring 35, apertured at 36, and hav-
ing 6ne end fixed to mount 30, see Figure 3. The pur-
pose of the resilient coupling 35 is to accommodate the
difference in expansion, as between the envelope glass
and the mount metal, when the assemblage is subsequently
frit sealed. The studs are detachably secured to springs
35 in a manner that will readily permit a subsequent
removal of the mount from the studs (after, of course,
the foil has been severed from the mount) once the
studs and the foil have been captivated between face-
plate 16 and the funnel 26. For this purpose each
stud 34 comprises a headed bolt 37, the distal end of
which is threadably received in a rounded abutment
which can take the form of a button or boss 38. These

buttons or bosses comprise an alloy composition, the co-
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efficient of expansion of which is compatible with the
envelope glass. A glass sealable metal alloy suitable
for this purpose is available from Carpenter Technology
Corporation in Reading, Pennsylvania under their desig-
nation 430TI. The shaft of bolt 37, which extends
through spring aperture 36, is enclosed by a tubular
spacer 39 which determines the spacing between spring
35 and button 38. Finally, that portion of mount 30
adjacent spring 35 is provided with a clearance hole
40 to provide access to bolt 37.

The function of each boss is to cooperate
with an assigned faceplate V-groove 24 during screen-
ing of the faceplate and, additionally, with an assigned
V-groove 24' on the sealing land 28 of funnel 26
when the foil is finally integrated in tube 12.

To this end, see Figures 3 and 4, boss 38 adopts a
diameter such that when it is seated upon the inclined
walls of faceplate groove 24 and/or funnel groove 24%,
the respective sealing lands 20 and 28 of the face-
plate and funnel are maintained in a predetermined
spaced-apart relation. This spacing, which can be in
the order of five to ten mils (.005 - .010 in.),
depending, in part, upon the size of the tube, is
provided to accommodate a subsequent application of

the sealing frit 22. 1Inso far as this spacing is con-
cerned, the illustrations in Figures 3 and 4, obviously,
are not to scale; in fact, the depictions are intentional-
ly exaggerated in order to permit a visualization of
that spacing. Moreover, as shown in Figure 3, this
construction, in permitting foil 32 to be literally sus-
pended between the sealing lands of the faceplate and
the funnel, serves, in conjunction with panel skirt 18,
to establish the Q spacing for the tube. At this junc-
ture it should be noted that each boss makes a two-
point contact with each groove it is received by, for

a total six-point contact as between the mount and the
faceplate and another six-point contact as between

the mount and the funnel. It is appreciated, of
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course, that the registration format can be reversed,
that is, the sealing lands can be provided with bosses
or buttons while the mount is fitted with grooved
elements for receiving the bosses.

On the other hand, an alternative registration
arrangement for effecting a six-point contact between
foil mount 30 and face panel 16 contemplates the "ex-
ternal" approach shown in Figure 5. More particularly,
as a registration affording means the face panel is
fitted with three (only one shown) externally mounted,
outwardly directed break-away pins 46, which, geometrical-
ly, adopt the same relative locations as those oc-
cupied by V-grooves 24 on the face panel shown in Fig-
ure 1. Indexing means cooperating with each of the pins
46 comprises a tab 48 affixed to foil mount 30. Tab
48 has a depending finger 50 which, in turn, is pro-
vided with a bifurcation 52 at its distal end. Ac-
cordingly, to effect a kinematic registration with
this embodiment, mount 30 is supported over the face
panel with a finger bifurcation 52 poised over its
assigned pin. When the mount is lowered, a six-point
contact is established between the three pins 46 and
their cooperating bifurcations 52. This registration
between the foil mount and the face panel is repeatable
as often as is required to accomplish screening of the
target surface of the face panel, as well as to effect
a final registration between the foil mount and the
face panel prior to frit sealing. After the funnel
and face panel have been frit sealed to bond foil 32
between their confronting sealing lands (a process
described below) pins 46 may be broken away from the
face panel. Moreover, it is appreciated that the
physical locations of the pins and the bifurcated fin-
gers can be reversed and that other indexing struc-
ture within the knowledge of one skilled in the art could
be employed. Of course, a like external registration

arrangement can be adopted, if desired, for aligning
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funnel 24 with the foil mount.

There will now be described a process that
utilizes electrode assembly 10, as a stencil, to screen
a pattern of primary color elementary phosphor areas
upon the target surface 14 of faceplate 16. A known
and widely used method of preparing color phosphor
screens utilizes a process which has develoved
from famiiiar photographic techniques. To this end,

a slurry comprising a quantity of a primary color
phosphor particles suspended in a photosensitive or-
ganic solution (pva), is applied, as a coating, to the
target surface 14 of faceplate 16. Mount 30, with a
taut, but untensed, foil attached thereto is then seated
upon faceplate 16 by effecting a registration between
stud bosses 38 and their assigned faceplate grooves

24. As schematically depicted in Figure 6, the register-
ed faceplate and electrode mount assemblage is then
inserted in a lighthouse 41 comprising a source of

light 42 actinic to the'photosensitive coating. At

any one instant light source 42 occupies a spatial
position corresponding, in effect, to the axial po-
sition of the source of the electron beam that will
subsequently excite the phosphor pattern to be created.
Thereafter, in the ordinary practice wherein a con-
ventional untensed mask is used as a stencil, the slurry
coating would be exposed to actinic light rays that

pass through a conventional beam trajectory compensat-
ing lens before encountering the mask apertures. The
light transmitted through the mask then creates a

latent image of the mask's aperture pattern on the
coated faceplate.

However, for reasons to be developed, in
practicing the subject invention this conventional
exposure step requires modification. More particularly,

it must be borne in mind that first, the instant screening
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process is utilizing an untensed foil and secondly,
this untensed foil will subsequently.be converted to
a tension foil before it will be employed as a color
selection elecfrode to address the patterned phosphor
screen it stenciled when it was in its untensed state.
The significance of this is that the apertures in a
tensed foil are radially outwardly displaced from the
spatial positions they occupied in the untensed foil
so that, absent a provision to account for this spatial
displacement of the foil apertures, the tensed foil
would fail to effect a proper registration of the elec-
tron beam landing areas with the elemental phosphor
areas of the screen it stenciled when it was untensed.

Accordingly, a change in the usual method
of exposing a phosphor slurry to actinic light is called
for. Specifically, refer again to Figure 6, the light
rays from actinic source 42 are directed through a
special lens 44 which redirects the light rays before
they traverse foil 32 so that they impinge the phos-
phor slurry at points radially outwardly from the points
they would have, absent the lens. 1In other words, the
lens serves to displace the light rays from their
original paths so that, upon encountering the slurry,
they create a latent image corresponding to the image
that would be created if a tensed foil had been em-
ployed (sans lens) as the stencil.

As noted, in conventional screening tech-
niques a lens is introduced between the light source ~»
and the stenciling mask in order to compensate for the
fact that the trajectory of an electron beam under
deflection differs from the path of a light ray orig-
inating from the same point source as the electron
beam. Thus the reference to a "special"™ lens contem-
plates a lens which, in addition to effecting the afore-
mentioned compensation, also introduces a correction

that insures that a pattern screened by an untensed
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foil can later be addressed by a tensed foil. As a

first order of correction, the light source is moved
slightly forward so as to move the light landing areas
radially outward. A second order of correction is to

adopt a lens design to compensate for whatever error

the physical forward displacement of the light source
failed to correct.

Now, insofar as the design of this special
lens is concerned, a suggested procedure entails in-
itially exposing a coated substrate through an un-
tensed foil and developing a pattern therefrom.
Thereafter the untensed foil is subjected to a con-
trolled laboratory heat environment until the foil
develops the same aperture dimensions and locations
that a foil develops when it undergoes the frit sealing
process and goes into tension. The laboratory "grown"
foil is then seized and maintained in its tensed
state. This tensed foil can then be used to cast a
pattern of light upon another substrate duplicate of
faceplate 16, which pattern is then compared to the
light pattern created by an untensed foil. This dis-
parity, or difference, in aperture locations is then
reverse engineered with the aid of a computer into a
lens design. This lens, when employed in conjunction
with an untensed mask, will now direct actinic light
rays along paths which impinge the phosphor coating
at those points the light rays, sans lens, would have
impinged the coating had they pierced a tensed mask.
In practice, numbers of faceplates are screened in this
fashion and then incorporated into cathode ray tubes.
The screens are then illuminated to analyze beam
landing areas and any discrepancies noted. Corrective
information is then fed back into the lens design.

Since the necessary displacement of the

latent image points calls for lens design formulas and
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exposure techniques very similar to those used con-
ventionally, the development of the necessary cor-
rection lens 44, light source position(s) and ex-
psoure technique is well within the purview of state
of the art practice.

Accordingly, after the initial exposure
through lens 44, mount 22 and the foil are then re-
moved and the substrate is washed. By way of example,
in a positive resist, positive guardband system this
wash will remove the exposed portion of the coating.
However, it is to be appreciated that the invention
is equally utilizable in a negative resist, negative
guardband environment of even in the tacky-dot dusting
system. 1In any event, the exposed coating is processed
to establish upon target surface 14 a pattern of elemental
phosphor areas, corresponding to the aperture pattern
that would have resulted from using a tensed foil (sans
special lens). j

The slurry coating, foil mount registrations,
exposure and wash steps are then repeated for each of
the other primary color phosphor areas to be applied
to target surface 14, with the source of actinic
light, of course, disposed at appropriately different
positions with respect to foil 24. The resultant lum-
inescent screen comprises a pattern of interleaved
primary color phosphor areas that would have been
created by a tensed foil without use of special lens
44. 1In practice, successive repositioning of the light
source, prior to exposing the target screen through the
foil, is such as to effectively mimic the positions of
three scanning electron beams issuing from a gun mount
later to be fitted to the tube. In this regard, it
should be noted that the resultant luminescent screen
pattern will bear a unique geometric relationship, or
orientation, to the light sources and, thereby, to the
electron beam axes of the subsequently fitted elec-

tron gun mount.
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After the screening process has been com-
pleted, desirably, the foil employed to pattern the
screen is mated to the faceplate. In this process,
the upwardly facing sealing land surface 20 of face-
plate 16 and the downwardly facing land surface 26 of
funnel 24 are coated with beads of low-temperature
frit 22 after which mount 30 is re-registered with
faceplate 16 by inserting bosses 38 in grooves 24.
Funnel 26 is then fitted over the foil with its V-
grooves 24' receiving stud bosses 38.

This assemblage is then inserted into a
heat chamber, or oven, the temperature of which is
elevated to approximately 430 degrees Centigrade and
maintained thereat for thirty to forty-five minutes.
These are the temperature and time parameters required
to devitrify low-temperature Owens-Illinois type CV-130
frit material. As the temperature rises, faceplate
16 and funnel 26 will expand by an amount determined
by their characteristic temperature coefficients of
expansion. Simultaneously, mount 30 and foil 32 will
also expand but, because of their greater temperature
coefficients of expansion, their growth, relative to
the faceplate and funnel, will be greater. By the
time this assemblage has reached a temperature of 430
degrees Centigrade, and by the time the frit has de-
vitrified, mount 30 and foil 32 will have stabilized their
expansion, as will have the funnel and face panel.

When the frit has devitrified, foil 32 is
captured therein between funnel 26 and the face-
plate 16. Thereafter, as the assemblage cools down to
room temperature and the materials return, or attempt
to return, to their normal dimensions, foil 32 will
be tensed by virtue of the captivating action of the
funnel-faceplate frit junction which will prevent the
foil from returning to its normal room temperature di-

mension. Thus the mask, which was "grown" by the heat
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attendant upon the frit sealing process, is trapped in
tension and maintained thereafter by the devitrified
frit joining the funnel and faceplate.

With foil 32 now in a tensed state, the foil
apertures occupy different spatial positions than they
did when the foil was in its original untensed state.
However, since the screen phosphor pattern was created
in conjunction with lens 44, that simulated the light
pattern that would be transmitted by a tensed foil, all
as discussed above, the tensed foil will be in registra-
tion with the phosphor pattern.

After the faceplate,'foil and funnel have
been frit assembled, mount 30 is removed from the cap-
tivated foil by first severing the foil along the in-
side perimeter of the mount. Then the stud bolts 37
are unscrewed from their bosses 38, which have been
sealed into the V-grooves of the face panel and the
funnel with the devitrifying frit, thus permitting
removal of mount 30 from the assemblage. (The mount,
of course, is reuseable.) Thereafter, an electron
gun assembly is inserted into the neck portion of the
funnel and sealed thereto to provide a color cathode
ray tube embodying a novel color selection electrode.
The foil is trimmed as close to the perimeter of the
faceplate~funnel junction as possible. After the ex-
haust process, the face panel-funnel junction is cov-
ered with a coating of insulating material to prevent
external contact with the foil which, depending upon
the excitation system utilized with the completed tube,
may be maintained at a high electrical potential.

It is to be noted that the alignment elements
utilized by the faceplate and funnel, as well as the
indexing means used for the foil mount need not be
restricted to the groove and boss format disclosed.

Moreover, materials other than those disclosed for
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the envelope sections and the mount and foil can be
used so long as the coefficients of expansions of such
materials provide the differential expansion required

to tense an initially untensed foil.
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CLAIMS

1. A color cathode ray tube characterized by
an envelope section having a sealing land, a faceplate
comprising a target surface having a pattern of lumines-
cent primary color elemental phosphor areas deposited
thereon and a sealing land circumscribing said target
surface and geometrically matching said envelope section
sealing land, said faceplate sealing land having a plur-
ality of alignment elements selectively located and oriented
thereon, a color selection electrode affording selection
of said phosphor areas by a scanning beam of electrons
comprising a planar tensed foil, having a pattern of
color selection apertures related to said pattern of phos-
phor areas and having a temperature coefficient of expan-
sion greater than that of said faceplate, indexing means
mechanically associated with said foil and cooperable
with said alignment elements of said faceplate for es-
tablishing precise registration between said foil apertures
and said elemental phosphor areas of said target surface,
and sealing means disposed between said envelope section
sealing land and said faceplate sealing land for permanently
uniting said indexing means and said alignment elements
between said envelope section and said faceplate sealing
lands, and for bonding said envelope section to said
faceplate.

2. A color cathode ray tube according to claim 1,
characterized in that said faceplate comprises a glass
panel having a skirt extending rearwardly from the target
surface thereof and wherein, said skirt has a height that
establishes the Q spacing, that is, the spacing between
said faceplate and said foil.

3. A color cathode ray tube according to claim 2,
characterized in that the end surface of said skirt remote
from said faceplate comprises said faceplate sealing land.

4. A color cathode ray tube according to any of
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claims 1 to 3, characterized in that the color selection
electrode includes an auxiliary severable mount defining
a central opening of sufficient span to enable said mount
to surround the periphery of said faceplate, formed of a
material having a temperature coefficient of expansion
greater than that of said envelope section and said
faceplate, said tensed foil being secured to said mount
and having a temperature coefficient of expansion not
greater than that of said mount, the periphery of said
foil extending across said sealing lands, and said sealing
means comprising devitrifying frit means disposed in
intimate contact with said foil periphery for bonding
said envelope section to said faceplate, for securing
said foil between said sealing lands and for maintaining
said foil in tension.

5. A color cathode ray tube according to claim 4,
characterized in that the sealing land of said envelope
section has a plurality of alignment elements selectively
located and oriented thereon, and the sealing land of
said faceplate having a plurality-of alignment elements
spatially aligned with the land elements of said envelope
section.

6. A color cathode ray tube according to claim 5,
characterized in that said envelope section alignment
elements and said faceplate alignment elements each com-
prises three V-grooves and in which said mount indexing
means comprises a corresponding plurality of rounded
abutments cooperably receivable by said V-grooves to effect
a registration of said electrode assembly between said
envelope section and said faceplate.

7. A color cathode ray tube according to claim 6,
characterized in that said V-grooves are so oriented that
the bottom of each said V-groove lies along a line that
extends radially from the geometric center of said face-
plate. '

8. A color cathode ray tube according to claim 6
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or 7 characterized in that said mount indexing means
comprises a corresponding plurality of studs, detachably
secured to said auxiliary mount, and each terminated, at
its distal end, by a rounded boss cooperably receivable

by confronting ones of said V-grooves to effect said pre-
cise registration between said foil and said faceplate

and to facilitate mating of said electrode assembly between
said envelope section and said faceplate.

9. A color selection electrode assembly utiliz-
able for screening a pattern of luminescent primany color elemental
phosphor areas upon the target surface of an envelope
section for a color cathode ray tube, and which is there-
after, optionally, frit sealable between said envelope
section and a funnel section of said tube to permit
selective excitation of said primary color phosphor areas
by a sca ning electron beam, said envelope section having
registration affording means and being formed of a material
having a predetermined temperature coefficient of expansion,
characterized in that said electrode assembly includes
an auxiliary mount defining a central opening of suffi-
cient span to enable said mount to surround the periphery
of said envelope section, formed of a material having a
temperature coefficient of expansion greater than that
of said envelope section, indexing means, cooperable with
said registration affording means, detachably affixed to
said mount, and a planar foil, having a predetermined
pattern of apertures, secured to said mount and having a
temperature coefficient of expansion not greater than that
of said mount, whereby said indexing means affixed to said
mount upon cooperation with said registration affording
means of said envelope section permits repeated precise
registrations between said apertured foil and said envelope
section to facilitate screening said pattern, as well as
to facilitate, if desired, mating of said electrode
assembly to said envelope section. '

10. A device according to any of claims 4 to 9, char-
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acterized in that said foil is secured to said mount by
weld means or braze means.

11. A device according to any of claims 4 to 10,
characterized in that said mount and said foil are formed
of cold rolled steel.

12. A device according to any of claims 4 to 10,
characterized in that said mount is formed of stainless
steel and said foil is formed of cold rolled steel or
invar.

13. A device according to any of the preceding
claims, characterized in that said foil is formed from
cold rolled steel having a thickness in the range of
.0005-.002 inches.

14. The method of making a color cathode ray
tube, which tube includes, an envelope section having a
sealing land, a faceplate having a pattern of luminescent
primary color elemental phosphor areas deposited on a
target surface thereof and further having a sealing land
surrounding said target surface and geometrically matching
said envelope section sealing land, said faceplate sealing

3

land having a plurality of alignment elements, and a color .

selection electrode arrangement comprising: an auxiliary
mount defining a central opening and formed of a material
having a temperature coefficient of expansion greater than
that of said envelope section or said faceplate, an
untensed apertured planar foil secured to said mount and
having a temperature coefficient of expansion not greater
than that of said mount, and indexing means borne by
said mount and co-operable with said alignment elements of
said faceplate, the method being characterized by the
following steps:

, ~ (a) applying a bead of frit to the sealing lands
of said envelope section and said faceplate;

(b) positioning said color selection electrode

upon said faceplate with said mount indexing means in

.registration with said faceplate alignment elements.
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(c) positioning said envelope section upon said
color selection electrode with said envelope section sealing
land in registration with said faceplate sealing land;

(d) inserting the assemblage of said envelope sec-
tion, said color selection electrode and said faceplate in .
a heat chamber;

(e) elevating the temperature of said chamber to
expose said assemblage to a frit devitrifying temperature
while, simultaneously, causing said faceplate, said mount,
said foil and said envelope section to expand by an amount
determined by their characteristic temperature coefficients
of expansion;

(f) maintaining said assemblage at said frit
devitrifying temperature until said foil is captivated
between said envelope section and said faceplate by devi-
trified frit;

[g) cooling down said assemblage to room tempera-
ture to induce tension in said captivated foil;

(h) severing said foil from said auxiliary mount to
perfnit removal of said mount;

(i) trimming any portion of said foil protruding
from the junction of said frit sealed faceplate and envelope
section; and

(j) coating any exposed edges of said foil with
insulating material.

15. A method of utilizing a color selection
electrode assembly as a stencil for screening a pattern
of luminescent primary color elemental phosphor areas
upon the target surface of an envelope section destined
for use as a component of a color cathode ray tube, said
envelope section having registration affording means and
being formed of a material having a predetermined tempera-
ture coefficient of expansion, said electrode assembly
including a mount formed of a material having a tempera-
ture coefficient of_expansion greater than that of said
envelope section, said mount having a central opening of
sufficient span to enable said mount to surround the peri-

phery of said envelope section and having an untensed foil
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Eautly secured across said opening, said foil having a
predetermined pattern of color selection apertures therein,
said mount further having indexing means cooperable with
said envelope section registration affording means, said
method being characterized by the following steps:

(a) applying a photosensitive coating to said
target surface of said envelope section;

(b) registering said mount with said envelope
section to enable said foil to serve as a stencil by tem-
porarily mating said indexing means of said mount with
said registration affording means of said envelope section;

(c) selectively locating a source of actinic
light rays to expose said photosensitive coating through
the pattern of apertures in said foil, said light source
being so located as to mimic the position to be occupied
by the electron beam subsequently employed to scan said
pattern of phosphor areas;

(d) interposing correction lens means between
said source of actinic light rays and said registered
mount to direct said rays through said foil apertures to
impinge said photosensitive coating at points displaced
from where said rays would impinge said coating, absent
said lens, to create on said target surface a latent image
of said predetermined pattern of apertures corresponding,
in configuration to the electron exposure pattern on the
screen produced through a similarly mounted, but tensed,
foil during tube operation..

(e) removing said mount and said foil;

(f) processing said exposed coating to establish
a pattern of elemental phosphor areas corresponding to the
aperture pattern that would have resulted from using a
tensed foil, and

(g) repeating said steps (a) through (g) for each
pattern of elemental phosphor areas desired to be established.
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