ghhuyﬁ\bolor at hode réy*tube including a glass.faceplate havindqgﬁ&€§s( J
'nnerygWri@efda centrally disposed, rectangular screen, pQ¥/use0:05%6d'to the

face plate}onifeach of opposed sitles of said screen a plurality of discrete

ceram c mask Qupport_segnents, having edfgeS perpendicular to the screen and
paral lel to each ot FRFMENTED SHARGH YASK SURPQRIJ SERUCTHBE ANDOPROCEESdow mask. 2.

The col or cathbde ra R %I%PASW nCATHODPE R EWBESct ed ones of
sai d segnents have dly#l}% e’fﬂv?%%]b?zhs?é%f ﬁeg%o?‘a}"EaFﬁBEgd?a?‘Yube of
daiml, whegdsturssithlssgmand bsickddresseduspedifindalayf totthe to minim ze

f;;fﬁgff}gi gnﬁggfﬁﬁ% B LBEE 154 {36 Sshddow mELkE" of2EHAIEhY chuPe
. : o0il type in association with a substantially flat
faceplate. The invention is useful in the manufacture of
color tubes of various types, including those used in home
entertainment television receivers, and in
medium-resolution and high-resolution tubes intended for
color monitors.

. The tension foil shadow mask is a part of the
cathode ray tube front assembly, and is located in close
adjacency to the faceplate. As used herein, the term
"shadow mask" means an apertured metallic foil which may,
by way of example, be about 0.001 inch thick, or less.

The mask is supported in high tension a predetermined
distance from the inner surface of the faceplate; this
distance is known as the "Q-distance." As is well known
in the art, the shadow mask acts as a color—seléction
electrode, or "parallax barrier," which ensures that each
of the three beams generated by thé electron gun located
in the neck of the tube lands only'on its assigned
phosphor deposits.

The requirements for a support means for a foil
shadow mask are stringent. As has been noted, the foil
shadow mask is normally mounted under high tension,
typically 30 1lb/inch. The support means must be of high
strength so the mask is held immovable; an inward movement
of the mask of as little as 0.0002 inch can cause the loss
of guard band. Also, it is desirable that the shadow mask
support means be of such configuration and material
composition as to be compatible with the means to which it
is attached. As an example, if the support means is '
attached to glass, such as the glass of the inner surface
of the faceplate, the support means must have a
coefficient of thermal expansion compatible with the
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!faceblate*havhng on its inner.surface a centrally disposed, rectangul ar

#dcreen, and attached to the face plate on each of opposed sides of said
screen woveeoty of mask support segments bridged by a bPCAGURY/ABer to
which is secured a tensed foil shadOM/nasgz_S. The col or cat hode ray tube
of Caim4, wherein the bridging nmenber is“netal. 6. The color cathode ray
tube of Claim4, wherein mask support structure is disposed al ong each of

four sides of Ld s f S i h hag0yL PS K¢ oSG upport
structure coﬁ%??%%h £%§Sﬁ% g%%hagﬁﬁé%}gggéﬁggéa E;s%eter%?n %QE.Grality of
di screte, spakksPscgr@nFYPBRT HgReaRsdShenrid hhe 0FesRfh bFPERPRCIPANRNAT,

The col or catbpsectdve | thet OfhEl Bhdk dcanhes ckdc@bed cast igehgct ed ones of

sai d segnents vaéa/ in . . .
production-worthy techniques such as electrical resistance
welding or laser welding. Further, it is essential that
the support means provide a suitable surface for mounting
and securing the mask. The material of which the surface
is composed should be adaptable to machining or other
forms of shaping so that it can be contoured into

'near—perfect flatness so that no voids between the metal

of the mask and the support structure can exist to prevent
' the positive, all-over contact required for proper mask
securement. )

To forestall cracking or spalling of the glass of
the faceplate resulting from the stress inherent in the
cementing of the support structure to the glass of the
faceplate, it is essential that the coefficients of
thermal contraction ("CTC") of the glass of the faceplate,
the metal of the tension mask support structure, and the
devitrifying solder glass (known coloquially as "frit"), _
used as the cement, be compatible. For example, the metal
used in conjunction with the support structure may
comprise Alloy No. 27 manufactured by Carpenter Technology
of Reading, Pa.; this material has a CTC of approximately
105 to 109 X 10-7 in./in./degree C. over the range of
the temperatures required for devitrification--from
ambient temperature'to 450 degrees C. Faceplate glass
such as that supplied by Corning Glass Works, Corning, New
York under the designation 9068, has a CTC of
approximately 100 X 10-7 in./iﬂ./degree Cc. from 300
degrees C. to room temperature. Solder glass 7590, also
supplied by Corning Glass Works, has a CTC of 97 X 10-7
‘in./in./degree C. from 300 degrees C. to room _
temperature. This range of CTC’s is about as compatible
as it is possible to achieve with this range of materials,
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%WIengfh in‘a conformation effective to disperse stress in said glass of said
=?acep]ate. 8. The color cathode ray tube of Caim4, wherein said segnments

have eng® #190é97gur ed to reduce stress concentrations in saiRCQUS998/0596kai d

faceplate. .9. The color cathode ray tube of C aimwherein said bridging

menber has at [east one the SHEET - 2- expansion gap
therein. 10. The col or cathode ray tube of Caim4, wherein said nmask

[ said i nner syrface by devitrifying sol der
;FgggrtSZ?Bugh§%§§{gaﬁggu£ggs£§1e the cementgng of t%em togetﬁér!%nder

the wide temperature variations required in tube
manufacture. , '

It is desirable in some applications to provide a
mask support system, including cement, having a
composition effective to place the glass beneath the
support systeh into a predetermined degree of tension.

It has been found that the cementing of a support
structure to the glass of the faceplate can appreciably
distort the faceplate if the mismatch is great enough. In
the practical utilization of interchangeable mask systems,
it is important that the faceplate be as flat as possible,
and that it remain flat throughout the wide teméerature
é excursions incident to the process of cathode ray tube
f manufacture. Any excessive out-of-plane distortion may
bring into guestion the feasibility of interchangeable
mask systems in flat tension mask tubes.

Significant factors in the manufacture of a
tension mask support structure include: (1) the cost of
the materials of.the structure; (2) the compatibility of
the composition of the support structure with the glass of
the féceplate; and (3) the flatness/parallelism of the
structure.

The requirement for flatness and parallelism

remains the same regardless of the length of the rails,
which in turn is determined by the size of the tube; the
longer the rail, the greater the problems in its
fabrication, and the greater its cost. Also, the longer
the rail, the greater any effect of the "incompatibility of
the materials of rail and faceplate, and hence the greater
the resulting distortion of the faceplate. '

In consequence, there has been a very real
limitation on the potential size of flat tension mask
cathode ray tubes. It is an objectivé of the present
invention to resolve the size-limitation and the related

problens. __—~——”’””——~'—’/i;
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f!seghents bei ng ceram ¢ and having ends configured to reduce stress

“&concentrations in said glass of said faceplate, and said bridging nenber
havi ng Wo ég8§d700ne thermal expansi.on gap therein. 11. A cR@/USNE ray
tube including a glass faceplate having on |ts i nner surface a centrally
di sposed, rectangul ar screen and attached t&4he face plate on each of
opposed sides of the screen a pIurallty of dlscrete mask support segnents

S2i d ‘segnents havi ng di 1 FBPGAPPRGEAE Aol S o SERBENRE - P etiidn, 12 “The

cat hode ray tubdistlGeasnrltplatrecaithodie Ay pueabawvingf arask support

3 fgfﬁgﬁ fm |a| ong 208efhdfelnoliiCeAChEER shipPoPed steAERNTE AR 3 CRAddIAN!
high-tension foil shadow mask. The faceplate of the tube
has on its inner surface a centrally disposed phosphor
target surrounded by a peripheral sealing area adapted to
mate with a funnel. A separate metal faceplate frame is
secured to the inner surface of the faceplate between the
sealing area and the target. The separate metal frame
supports a welded-on tension foil shadow mask a
predetermined distance from the inner surface of the
faceplate. The separate face-mounted frame has a
plurality of slurry-passing structures contiguous to the
inner surface of the faceplate for passing any surplusage
of slurry during the radial-flow, slurry-deposition
process used in screening the faceplate. 1In one
embodiment of the invention, a faceplate-mounted metal
frame is shown as being discontinuous ("broken") or
segqmented. Gaps in the metal frame provide for the

passage of slurry used in screening, and the
discontinuities in the metal of the support structure are
said to compensate for differences in the coefficients of
thermal expansion or contraction of the metal of the
support -structure and the glass of the faceplate. The
foil shadow mask is indicated as being welded directly to
the metal of each discrete part of the support structure.

Other prior art includes U.S. Patent Nos.
3,894,321, 4,547,696, 4,595,857, 4,695,761, 4,737,681,
4,745,330, and 4,828,523.

It is a general object of the invention to
provide means and a process for facilitating the
manufacture of color cathode ray tubes having a tensed
foil shadow mask.

It is an object of this invention to provide a
process for use in the manufacture of tension mask
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R contraction less than that of a segment or segnents internediate said end
‘s segnents. 13. The color cathode ray tube of Caim 11, wherein said screen
‘is attaphed/g6070 he face plate has on each of the opposed sfﬁ%—éuﬁ?o’f’g?él
screen a rail formed of said plurality of digcrete nmask support segnents,
at |east the end segnents of said rails beiﬁ%’conposed of a material having
a |lower coefficient of thermal contraction than said glass of said

facepl ate. 14. dheespher soLbadeiLaychubesolefl 1L Lantibgrelneat beast

sel ected ones of°%H Segnen : nmat eri aving a | ower
coefficient of rteduces manufactuvanghanstée coefficient of thernal

contraction of said gIas§to{ss§£d°£§€gel3£eth§§.igbgnggggrtgabQQQQd@ag t ube

Ot CaimiL, resolution to the problems of incompatibility of the
materials of a tension mask support structure and the
faceplate to which it is attached.

It is another object of the invention to provide
means and a process for manufacturing color cathode ray
tubes that provide resolution and image size useful in

' high~definition television systens.

{ It is another object of this invention to provide
means and process that will maintain the flatness of the
faceplate of a tension mask tube during thermal production
cycles.

It is a further object of this invention to
provide means and process that make feasible the
manufacture of the relatively large flat tension mask
color cathode ray tubes for use in commercial television

and in video monitors.
It is yet another object of this invention to

provide means and process that make feasible the
manufacture of flat tension mask color cathode ray tubes
having interchangeable shadow masks.

It is another object to provide structure and
production method permitting use of a ceramic mask support
structure in a large screen cathode ray tube without the
cost and fabrication obstacles attending the use of
lengthy mask support rails.

It is still another object to meet the
aforestated objective with a mask-support structure which
is easy to handle in production.

It is yet another object to provide a tension
mask support structure having improved flatness and
Q-height uniformity.

In the drawings: ,
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1 wheFeln sai d mask support segnents are conposed of a material having a

| ower coefficient of thermal contraction -3- than that of said
f acepl a¥@ 91A®dTD segnent s bei ng bridged by a bridgi.ng membePCTH/SOI6Yi ng
and securi.ng the tensed foil shadow mask. 16 The col or cathode ray tube of
Claim 11, wherein at |east selected ones of®%aid segments having different
| engths and different coefficients of thermal contraction.

Figure 1 is a side view in perspective of a
tension mask color cathode ray tube having the structure
and subject to the means and processes of this invention,
with cut-away sections that indicate the location and
relation of the major components of the tube:

Figure 2 is a plan view of the front assembly of
the tube shown by Figure 1, with parts cut away to show
the relationship of the faceplate with the mask support
structure and shadow mask; insets show greatly enlarged
mask apertures and phosphor screen patterns:;

Figure 3 is a view in perspective of a cathode
ray tube faceplate having a segmented shadow mask support
structure according to the invention mounted thereon:

Figure 4 is a view in elevation of a
cross-section of a preferred embodiment of a segmented
mask support structure according to the invention:

Figure 5A and 5B are top and side views,
respectively, of one segment of the Figure 3 mask support
structure having rounded ends according to the invention;

Figure 5C is a fragmentary top view of a
hypothetical segment having ends which are square;

Figure 6 is a top view of two abutting sections

of a segmented mask support structure according to the
invention, with a representation of the stress lines which
exist in the faceplate glass to which the structure is
attached;

Figure 7 is an enlarged perspective view of the
intersection of two corner sections of the segmented mask
support structure shown in Figure 3;

Figure 8 is a graph indicating by comparisdn the
beneficial effects of a segmented support structure
according to the invention;

Figure 8A is a plan view of the inner surface of
a faceplate having a segmented mask support structure
according to the invention, showing the location of points
for measuring the stress on the faceplate;. '
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;5 26FE 1997 -4- The applicant's U. S. Patent No. 4,730,143 discloses a color
-s™cat hode ray tube having a facepl ate-nounted nmask support structure with a
T owel dedmglmﬁ?%tensi on foil shadow_mask. The facepl ate of PCREUSHEOS¥ds on
its inner 'surface a centrally di sposed phosphor target surrounded by a
peripheral sealing area adapted to mate wi tt¥=a funnel. A separate metal
faceplate frame is secured to the inner surface of the facepl ate between

the sealing area and the target. The separate nefal frape supports a
wel ded-on tension foil sﬁf&lﬁ% rhasks £ e RN st%%%lfr't’)?ﬁ‘t’héni nner

surface of the dlaseitidie . oflhe 3aNadsl eséptentofnttbtiereetibod fment of a
segmented mask support structure according to the
invention; '

Figures 10 and 11 are cross-sectional, detail
views in elevation of typical segments of further
embodiments of a segmented mask support structure
according to the invention;

Figures 12 and 13 are side views in elevation of
other embodiments of a segmented mask support structure
according to the invention: and

Figures 14 and 15 are perspective views of
in-proces:s mask support structures indicating structural

| configurations that facilitate manufacture.

A color cathode ray tube having a segmented

support structure according to the invention is depicted
in Figures 1, 2 and 3. The tube and its component parts
are identified in the Figures, and described in the
following paragraphs in this sequence: reference number,
a reference name, and a brief description of structure,
interconnections, relationship, functions, operation,
and/or result, as appropriate. -

20 . color cathode ray tube

22 front assembly

24 glass faceplate

26 inner surface of faceplate

28 centrally disposed phosphbr screen on -inner

surface 26 of faceplate 24; the round deposits of
phosphor, shown as surrounded by the black matrix, are
depicted greatly enlarged

30 film of aluminum
32 funnel
34 peripheral sealing area of faceplate 24, adapted

to mate with the peripheral sealing area of funnel 32
48 shadow mask support structure according to the
invention noted as comprising four discrete "rails" 48a,
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Qplurallty of slurry-passing structures contiguous to the tnner surface of
~the faceplate for passing any’ surplusage of slurry durlng the radial -fl ow,
slurry-de 05|é ﬁn process used in screening the facepl ate. pidt/0890/05961
enbodi M¥M21496%Re invention, a faceplate-nounted netal frane is shown as
bei ng di sconti nuous ("broken") or segnented.-&ps in the netal frane
provide for the passage of slurry used in screening, and the
discontinuities in the netal of the support structure are said to
conpensate for dé8BerédCeanidn48helocatedcpanopposedheidas ofpihei sgreen 28
contraction of 1iganELerga welﬁuegogﬁr%seecwsfafgcﬁggggga g of the

faceplate. The fol ow mask 1's 1 ndicated bein irectly to
the metal of eacﬁodlscret@ebaltfgiltﬁéaéﬂﬁpBFstt?GE?HrEeleﬂh§Pn§ﬁﬁorﬁ&q

includes U S. Patg8k NoSmounted on support structure 48 and secured thereto
52 shadow mask apertures, indicated as greatly |
enlarged in the inset for illustrative purposes; there is
one aperture for every triad of phosphor deposits

58 internal magnetic shield

60 internal conductive coating on funnel

62 anode button

64 high-voltage conductor

66 neck of tube

68 in-line electron gun providing three discrete

in-line electron beams 70, 72 and 74 for exciting the
respective red-light-emitting, green-light-emitting, and
blue-light-emitting phosphor deposits on screen 28

69 base of tube

71 metal pins for conducting operating voltages and
video signals through base 69 to electron gun 68

76 yoke which provides for the traverse of beams 70,
72 and 74 across screen 28

78 contact spring which provides an electrical path

between the funnel coating 60 and the mask support
structure 48 and shadow mask 50.

With reference to Figure 3, a color cathode ray
tube according to the invention includes a glass faceplate
24 having on its inner surface 26 a centrally disposed,
rectanguiar screen 28. A metal foil shadow mask 50 is
mounted in tension on a mask support structure 48 shown as
being located on opposed sides of screen 28 and secured to
the inner surface 26 of faceplate 24. The support
structure on each side of the screen is shown as
comprising a predetermined plurality of discrete spaced
segments 82 composed of ceramic to which are secured the
tensed foil shadow mask 50. The mask will be noted as
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113,894,321, 4,547, 696, 4,595,857, 4,695, 761, 4,737,681; 4,745,330, and
~=4,828,523. It is a general object of the invention to provide neans and a
processwiop1/6650! i t ati ng the manufacture of col or cathode rRGI/USIBHSHEN i ng
a tensed foil shadow mask. It is an object of this invention to provide a
process for use in the manufacture of t ensTOR mask -5- faceplate
assenblies that sinplifies manufacture and reduces manufacturing costs. It
I's an obj ect ‘EeiﬁgﬁEééﬁ?ﬁ i@@ égi éEXédSegbers 87A, 87B, 87C, and 87D
indicated as bridging the segments.

Segmented mask support structure 48 according to
the invention is depicted as consisting of four discrete
sections 48A, 48B, 48C, and 48D, referred to herein as
"rails."™ The faceplate, and the screen, are based on an
aspect ratio of 3 to 4. Rails 48A and 48C are known as
"long rails" because they are located on the long sides of

_ the faceplate; similarly, the "short" rails 48B and 48D
are located on the short sides of the faceplate. The
“long rail® and “short rail" terminology is used
throughout this disclosure.

A preferred embodiment of a segmented support

% structure according to the invention is depicted in

| cross-section and greater detail in Figure 4. A typical
Segment 84a, indicated in Figure 3 as being a segment
located in rail 48A, is shown as having a body of ceramic
85, indicated symbolically, and has in cross-section the
aspect of a house with a saddle roof with sloping sides 86
over which is folded a bridging member 872, shown
symbolically as being composed of metal. Bridging member
87A provides for bridging the sedments and receiving and
securing shadow mask 50 on flat peak 89, which may have a
ground surface; the securement means is preferably that of
laser weldment. Laser welding means for securing a foil
mask to a support structure is not the subject of the
present application, but that of U.S. Patent No. 4,828,523.

The bridging members may comprise Alloy No. 27

manufactured by Carpenter Technology of Reading, Pa.: this
material has a CTC of approximately 105 to 109 X 10-7
in./in./degree C. over the range of the temperatures
required for devitrification--from ambient temperature to
450 degrees C. Alloys having equivalent characteristics
supplied by other manufacturers'may as well be used.
Bridging member 872 is indicated as being secured
to the sloping sides 86 of segment 84A by deposits 90 and
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#resolution to the probl ens of-inconpatibility of the materials of a tension

“mask support structure and the faceplate to which it is attached. It is

. "anot heky@BjARdI0f the invention to provide neans and a pr JREHIIFIH,05961
manuf acturing col or cathode ray tubes that provide resolution and inage
size useful in high-definition television §§EQEnE. It is another object of
this invention to provide neans and process that wll maintain the fl atness

"t iooa further bl ey n Ry B (S ek XS R

make feasibl e tdemerdnuiamtteompuifse e destititifying mqlaldr glasmssueh sk

col or cathode ray. tHHeSTOr d5RdY SUTENR Alcv-Hdy imdfilfactured by
Owens-Illinois of Toledo, Ohio. Alternately, bridging

. member 87A may be secured to the sloping sides 86 of

ceramic body 85 by a porcelain enamel such as that
manufactured by Mobay Corporation, Baltimore, Maryland,
under the designation QJ350. This product, which is
supplied in the form of a powder, is preferably mixed with
amyl acetate and nitro-cellulose to make a paste of
workable viscosity. Heating incidental to the
manufacturing process results in setting of the enamel and

firm adhesion of the metal of bridging member 87A to the

ceramic body 85.

The ceramic body 85 of segment 84A is indicated
as being secured to the glass of faceplate 24 by deposits
94 and 96 of cement, which comprises a devitrifying solder
glass according to the invention. The parameters of the
mask support system, including the composition of the
solder glass, is preferably effective.to place the glass
of the faceplate beneath at least selected ones of the
segments into a predetermined degree of tension, as set
forth in referent copending application Serial No. (D5937).

Faceplate glass such as that supplied by Corning -
Glass Works, Corning, New York under the designation 9068,
has a CTC of 100 X 10-7 in./in./degree C. from 300
degrees C. to room temperature. Solder glass 7590, also
supplied by Cornihg Glass Works, has a CTC of 97 X 10-7
in./in./degree C. from 300 degrees C. toc room temperature;
the CTC from 450 degrees C. (the maximum processing
temperature required for devitrification of the solder
glass) to room temperature, is 98 X 10-7 in./in./degree
C. Thus the composition of the solder glass provides for
a cementing medium having a CTC less than that of the
faceplate, one effective, with appropriate other
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,and hn video nonitors. It.is yet anot her object of thls I nvention to
#provi de means and process that nake feasible the manufacture of fl at

: ten5| onw‘@ﬁpogghpr cat hode ray tubes having interchangeabl ePERAIB0/ASSH s .

: i s another object to provi de structure and production nethod permtting
_ use of a ceram c mask support structure in alﬂdTge screen cat hode ray tube
- Without the cost and fabrication obstacles attending the use of Iengthy

mask support rails. E Stlk anotherlaﬁ{e t to nmeet th aforest
. objective with B2FRERY §Eﬁp8ﬁt r QYA iSUPPLSNF 3 SCe
. production. It theygﬂassobwethebﬁacbpmaqawhdnyathIammieastmsalemm@®r¢nes

structure haVingfiQBEOESGmLBQEngﬁ%oa%dpredetermined degree of tension.

This desirable effect is aided by groove 98 in
the area of securement of the segment 84A to the faceplate
24. This groove, which runs lengthwise in the ceramic
body 85 of segment 84A, provides for receiﬁing and forming
a lengthwise bead of cement. The assembly is constructed
and arranged to pre-stress the faceplate in the area of
interface with the mask support structure to enable the
assembly to tolerate wide temperature excursions
experienced during production.

A preferred composition for the ceramic component
of the segments of the support structure according to the
invention comprises, in percentages, magnesia, 27; talc,
63; barium carbonate, 6; and ball clay, 4. The
coefficient of thermal contraction of this composition,
when used for at least selected ones of the segments, is
effective to put the glass beneath the segments into a
predetermined degree of tension, such as, by way of
example, a tension of greater than 800 psi. As a result,
the tube assembly can withstand the wide temperature
excursions experienced during production.

Additional details of the configuration of the
ceranic body 85 of a typical segment 84A are shown by
Figures 5A and 5B. Ceramic body 85 of segment 84A is
indicated as having rounded ends 100 and 102 configured to
minimize stresses in the faceplate inner surface; the ends

of all other segments are shown as being similarly’
rounded. (Note the fillets of solder glass 94/96 at the
base of segment 84A.) The benefit of the rounding of ends
100 and i02 is indicated by symmetrical stress lines 104
which appear in the glass of the faceplate to which
segment 84A is attached; i.e., there is no intersection or
concentration of the stress lines 104, indicating a

uniform and not excessive stress in the glass.
S —
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f!(}h%@ght uniformty. In the draw ngs: -6- Figure 1 i$ a side viewin

.®perspective of a tension mask col or cathode ray tube having the structure

. and sub?&?h }09 .;ohe means and processes aof this invention, vww¢tTyuss/ 0586l
secti ond'q RYY ?ndicate the | ocation and relation of the major conponents of
the tube; Figure 2 is a plan view of the frene-assenbly of the tube shown
by Figure 1, with parts cut away to show the relationship of the faceplate

with the mask support structure and shadow mask; insets show greatly
enl ar ged If the ends were square rather than rounded, as

indicated by hypothetical segment 91 shown by Figure 5C,
the stress lines 106 that would be present in the glass of
the faceplate to which segment 91 is attached would appear
substantially as depicted; the convergence of stress lines
at corners 108 and 110 would very likely induce cracking
and spalling of the glass at the points of convergence.

The segments are spaced apart according to the
invention a distance effective to prevent intersection of
stress lines in the faceplate glass which emanate from the
ends of the segments; otherwise, intersecting stress lines
can create areas of high stress in the glass to which the
segments are attached. The desired spacing between
segments is indicated in Figure 6, which depicts the
adjacency of the rounded ends of two segments 84A and
112. The respective stress lines 114 and 116, noted as
being in the glass of the faceplate, are shown as not
overlapping, and therefore, minimizing stresses in the
faceplate inner surface. The desired spacing of segments
84A and 112 is about 3/8 inch, by way of example.

To facilitate manufacture, the metal bridging
members may be first formed as a unitary frame to which
the discrete segments are attached. The segments are then
secured to the faceplate and the frame is severed at the
corners to form, according to the invention, the four
discrete, segmented rails 48A-48D indicated in Figure 3.

| Figure 7 depicts the relationship of segments 116
and 118 of the two discrete, segmented rails 48A and 48B

" located in corner area 120 of faceplate 24 (see Figure
3). The area of separation 126 is indicated by the dashed
lines, and may comprise, by way of example, a separation

of about 1/4 inch. The severing of the frame may be
accomplished by saw means which cut the bridging members
87A and 87B apart after the support structure is attached
to the faceplate. Prior to their attachment to the
-
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! nash apertures and phosphor screen patterns; Figure 3 isaviewin

» perspective of a cathode ray tube faceplate havi ng a segnent ed shadow nmask
~ suppor tyfgiygéerge according to the.invention nmounted t-her eRGT/EIS§OM08961 | s a
view in elevation of a cross-sectian of a preferred enbodi nent of a
segnent ed mask support structure according” t8~the invention; Figure 5A and
5B are top and side views, respectively, of one segnent of the Figure 3

mask support s ructure hav r ounded engs aCCﬁédln o,the inyention;
Figure 5Cis ?a gBe%FeﬁPB?rﬁ h9Bot HEBi € FJQé& nf3tafi ng ends
which are squqsmvfdguferGeaSyahan@lyngmnfprwuabmbhl.ngmabmm of a

segnent ed rmi %%#Q%egf é ﬁlf% ﬁg%géﬁ#%hggaﬁa EHSJ,E%SB%E%@mW '3 mask

representati
' support structure can freely expand and contract under the

temperature excursions experienced in production. It has
been found that the small hiatus in the support of the
tensed mask at the corners provided by the area of
separation 126 has no deleterious effect on the overall

~ integrity of the support structure.

The bridéing members 87A and 87B will be noted as
overhanging the respective underlying ceramic segments 116
and 118; the overhangings, indicated by reference Nos.
127a and 127b, are of the order of about 1/10 of an inch.
The overhanging of the bridging members of the segmented
mask support structure act to provide for a smooth
transition of the cement used to attach the bridging
members to the underlying ceramic body, thus avoiding the
presence of pockets which might otherwise harbor
contaninants deposited during the production process.

The bridging members according to the invention
preferably have at least one thermal expansion gap
therein. With reference to Figure 3, two such gaps 128
and 130 are indicated roughly equidistant in bridging
member 87C of rail 48C. Gaps 128 and 130 are shown as
being located between two adjacent segments of the rail
48. The purpose of the gaps is to further relieve the
stress on the faceplate inherenﬁ in the attachment of the
rails to it. The gaps are preferably cut with a saw
having the smallest possible kerf; e.g., 1/32 of an inch.
Experiments have shown that such gaps have little or no
effect on the structural integrity of the support
structure after it is cemented to the faceplate.

The benefits of thermal expansion gaps according
to the invention are indicated graphically in Figure 8.

As explained below, the deflection of a glass faceplate is
-
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! eszt I'n the faceplate glass to which the structure is attached; Figure 7
~%_is-an enl arged perspective view of the intersection of two corner sections
" of the wognrowesl mask support structure shown in Figure 3; PETHISY/@5%6 a
i_graph i ndi.cating by conparison the.beneficial effects of a segnented
support structure according to the i nventi 6#4Figure 8A is a plan view of
the inner surface of a faceplate having a segnented mask support structure

according to the |nv§nt|on shomngg t.he Io gn of 0|nti_ n%:surlng

the stress on g §8|&pger conditions uppor ure,
(b) a continuous (unsegmented) ceramic support structure,

(c) a segmented ceramic support structure according to the
invention, and (d) a segmented ceramic support structure
like the structure in (c)} but having two gaps therein
(see gaps 128 and 130 in Figure 3). The faceplate under
test had a thickness of 0.520 inch, and face dimensions of
10-3/4 inches by 13-7/16 inches; the diagonal measure of
+the faceplate was 17.552, or 17-9/16 inches. In Figure 8,
the test point locations on the long rails and short rails
are indicated on the X-axis, and the deflection of the
faceplate in inches is indicated on the ¥Y-axis.

Figure 8A indicates the 1ocation.on the faceplate
of test points 1 through 12 indicated in Figure 8. It
‘'will be noted that the test points are located immediately
outside of the rails 48A-48D, and outside the solder glass
fillets indicated by reference numbers 94 and 96 in Figure
4. The location of the test points is the result of
measurements that indicated that the éreatest deflection
of the faceplate from stress caused by the rail attachment
is adjacent to the rails.

In conditions (b), (c) and (d) in which a support
structure was secured to the faceplate, securement was by
means of the devitrified glass frit described in the
foregoing. In the process, the faceplates under test were
passed through a lehr in which they were heated to a
temperature of 450 degrees C. to accomplish
devitrification of the soclder glass and the permanent
attachment of the segments to faceplate. In condition
(a), in which no support structure was attached to the
faceplate, the faceplate alone was passed through the same
lehr to determine its deflection due to heating.

Measurements of deflection were made by means of
a dial gage indicator having an accuracy of + 0.0001 inch.

In more detail, deflection of the glass faceplate
under the four test conditions is indicated in Figure 8 by

these lines:
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}! 26FEB 1997 -7- Figure 9 is a cross-sectional, detail viewin elevation of a
» typical segnent of another enbodinent of a segmented mask support structure
- accor digngo ? edfe i nvention; Figures 10 and 11 are cross-seRCTA/RA0/03961 ai |
views in elevation of typlcal segnents of further enbodi nents of
a: segnent ed mask support structure accordi m}Xo the invention; Figures 12
and 13 are side views in elevation of other enbodi nents of a segnented nask
support structure accordlng t.o the invention; and Figures 14 and 15 are

perspective views of in{BlocdsPemi’ (HPHD rsTUS b R TRe
structural (b) 1line 134 (long dashes), an unsegmented

support structure

(c) 1line 136 (short dashes), a segmented support
structure

(d) 1line 138 (long and short dashes), a
segmented support structure with two thermal expansion
gaps in each rail.

{ _ The beneficial effect of condition (c), line 136,

a segmented support structure according to the invention,

is readily apparent when compared with condition (b), line

134, an unsegmented support structure, in that faceplate

deflection is significantly less. The beneficial effect

will be seen to be markedly greater under condition (d),

line 138, a segmented structure with gaps according to the

invention, in that faceplate deflection is comparable to
that of a faceplate having no support structure at all
thereon.

i This may be understood as follows. The composite
structure comprising the faceplate, the ceramic structure
and the metal bridging member, have a tri-metal effect.
The bridging member has the highest CTC, the ceramic
structure the lowest. Upon cooling, the glass will exert
the greatest éffect, bowing the composite structure
upwardly. We see the greatest deflection of the faceplate
when the ceramic and bridging member are both continuous

(see graph line 134). When the ceramic structure is
broken, as by segmentation (see graph line 136), the
bi-material effect between the ceramic and the glass is
lessened and the glass will tend to return to its natural
state. However, the composite ceramic~-metal structure is
still acting against the glass. When the bridging member
is also severed (see graph line 138), the tri-material -r
bi-material effect is almost completely eliminated and :he
glass returns to a state closely approximating its natural
-
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:! coﬁtigurations that facilitate manufacture. A color cathode ray tube having
.+ a segnented support structure according to the invention is depicted in

Fi gureswlqjl éo 3. The tube and its conponent parts. are ipggniicbyedodin the
Fi gur es, A cribed in the follow ng paragraphs in this sequence:

ref erence nunber a reference nane, and a 4xg-ef description of structure,
interconnections, rel ati onship, functions, operation, and/or result, as
appropriate. 20 col or cathode ray tube 22 front assenbly 24
gl ass facepl atstad®e. We semethstrdreaph diideacHs atlodS8ly approachesl |y

gg;ggffg EPOSFHFthSCfﬁFé‘ O [ et £ fare S {acapl af L4 té@& round
without any mask support structure attached.

Another embodiment of a segmented mask support
structure according to the invention is depicted in Figure
9, in which a cross-section view of a segment 142 is
indicated. Segment 142, which is one of a predetermined
plurality of discrete, spaced ceramic segments such as are

_ shown in Figure 3, is depicted as being secured to a glass
faceplate 144 by deposits 146 of solder glass. Segment
142 is indicated as having a bridging member 148 affixed
thereto for receiving and securing a shadow mask 150.
Bridging member 148, indicated as comprising a flat strip,
bridges the segments of the support structure according to
the inventioen.

other configurations of the segments of a
segmented mask structure according to the invention are
depicted in cross-section Figures 10 and 11. In Figure
10, the bridging member 152 is shown as being in the form
of a "crown" that overlaps the sides of the ceramic body
154 of the segment 156. In Figure 11, segment 158 is
shown as having a bridging member 160 in the form of a
crown mortised into the ceramic body 162 of the segment.
The configurations depicted by Figures 9~-11 are disclosed
in U.S. Patent No. 4,737,681 of common ownership; it is
noted that the configurations in the ‘681 pafent comprise
continuous, rather than segmented, rails.

Shadow mask support structures having a body
comprised of a céramic, and with a metal'component for the
attachment of a foil shadow mask, are further described in
referent U.S. Patent Nos. 4,737,681 and 4,745,330 of
common ownership herewith, and in referent copending

" applications Serial Nos.'178,175 and 192,412, also of
common ownership.

As noted, the amount of stress exerted on the
glass of the faceplate, and resultant deflection, can be
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 ! ph&sphbr; shown as surrounded by the black matrix, ar e depicted greatly

. enl arged 30

filmof alum num 32 funnel 34 peri pher al

seal i 0%1%64% facepl ate 24, adapted.to mate with the perP@F/&ISeb/as6él i ng
area of funnel 32 48 shadow mask support structure according to the

i nvention noted as conprising four discretd7%rails" 48A,

48B, 48C and

48D | ocat ed on opposed sides of the screen 28 and secured to i nner surface
26 of faceplate 24 50 netal foil shadow nmask; after being tensed,

mask i s nount@RPEFeLleRoPY §2) uther eomBogA§igacAfefhenEeIPGic, and/or

(b), the composition of the solder glass used to attach
the segments to the glass. Also as noted, a segmented
support structure according to the invention may comprise
four discrete rails secured on opposed sides of the
screen--two longer rails on the long side of the
faceplate, and two shorter rails on the short side of the
faceplate. In the table that follows, the CTC of the

_ ceramic segments is the variable, and the effect on the

glass, whether stressed or unstressed by the attachment,

" depends on the CTC of the ceramic used to form the

segments. The lengths of segments are dependent upon the
screen size of the cathode ray tube, as shown by way of
example in Table I. (Dimensions are in inches.)

TABLE I. SEGMENT DIMENSIONS IN RELATION TO SCREEN SIZE

t he .

Screen Size 14V 20V 25V 30V 35V
(diagonal
measure)

Screen Area

Height—- 8.4 12 15 18 21
width-- 11.2 16 20 24 28
Number of 5 7 8 10 11
Segments 6 °) 11 13 15
Lengths of 1.4 1.4 1.51 1.47 1.57
Segments 1,57 1.45 1.48 1.50 1.52

For the 14V tube, for example, it will be seen
that there are five segments each having a length of 1.4

inches along each of the sort rails, and six segments each

having a length of 1.57 inches along each of the long

rails. -
Studies have shown that deflection of the

faceplate resulting from the attachment of a support

—_\
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Q 52", « shadow nask apertures,

““for illustrative purposes; there is one aperture for every triad of
phosphor dep05|ts 58 internal magnetic shield 60 PCTHO$80704961
conductWOR P ng on funnel 62 anode button 64 hi gh-vol t age
conductor 66 neck of tube 68 I n=4g.ne el ectron gun providing

three discrete

respective red-

in-line electron beans 70, 72 and 74 for exciting the
light-emtting, green-light-emtting, and

I ndicated as greatly enﬁérged I n the inset

bl ue-1i ght-em tstﬂrmg:tpimspimra dfyrep XSt niss et el e the midpsintfof ube

71 met al
t hrough base 6

S I AOC D ORE! U4 eI AAAR % eld FOL IR
8A. Deflectlon is somewhat less at the midpoint of the
short rails--test points 5 and 11--with the least
deflection at the corners. Pre-stressing the glass
beneath the segments located at the ends of the rails--the
area of the faceplate most likely to fail--increases the
ability <f the tube to withstand wide temperature
excursions at high temperature rates, while minimizing
stress in mid-portions; the result is a strong tube
envelope with minimum faceplate deflection.

This strengthening with minimum deflection is
accomplished by using segments having a ceramic
composition with a lower CTC at the corners, resulting in
a pre-stressing of the system. The composition of
segments in mid-portions is preferably such that the CTC
is close to that of the glass of the faceplate. For
example, if ceramic segments close to the CTC of the glass
(98-99 X 10-7 in./in./degrees C.) are desired for the
midpoints of the support structure (designated "G-type",
with G standing for "glass") in the following table, and
segments of low CTC (94-95 X 10-7 in./in./degrees C.
(designated "P-type", with P standing for “pre-stress"),
the arrays of segments will be as indicated in Table II.
The G-type segments are noted as being located at or near
the center of the.rails, while the P~type segments are
located at or near the ends of the rails.

TABLE II. TYPE AND NUMBER OF SEGMENTS IN
RELATION TO SCREEN SIZE

Screen Size 14V 20V 25V 30V 35V
Number of
Segments:
Short rails-- 5 7 8 10 11
Long rails-- 6 9 11 13 15
Thls Sheet Has Been Replaced -
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76 Z * -yoke which provides for the traverse of beans 70, 72 and 74 across
screen 28 78 contact spring which provides an electrical path between
t he fur\&@ Geed7png 60 and the mask ,support structure 48 andPGRABIWG586K 50.
Wth reterence to Figure 3, a col or. cat hode ray tube according to the

i nvention includes a glass faceplate 24 havilg on its inner surface 26 a
central |y disposed, rectangular screen 28. A netal foil shadow mask 50 is
mounted in te on.a_ rt structure 48 shown as being | ocated on
opposed S|desn§%Q§%rg%n ggggﬁgggggured to the inner surface 26 of faceplate
24. The suppormmmg
a predetermn ﬂé gkity of discrete spaced segnents 82 conposed of
ceramic to whic @ﬁgnﬁgcured t he

Short Rails-- 4P 4P 4P 6P 6P
1G 3G 4G 4G 5G
Long Rails-- 4P - 4P 6P 6P 8P
2G 5G 5G 7G 7G

For example, with regard to the 14V tube, there
will be five segments in each of the short rails
comprising four pre-stressed P-type segments, with a
single G-type segment centered in each rail, for a total
of five segments. With regard to the long rails of the
14V tube, there will be four P-type segments, with two
G-type segments in the center, for a total of six segments.

With respect to the smaller faceplates which have
fewer segments, such as the 14V and 20V, the CTC of the
ceramic of the segments can be adjusted so that there is a
smaller differential between the G- and P-type segments.
That is, rather than use a larger number of smaller
segments to provide a greater degree of adjustment,
segments having a CTC of 96-97 X 10-7 in./in./degree C.
can be used for the G-type, and fewer of them are then
needed. '

It is noted that, rather than using solder
glasses CV685 or 7590 previously described, special solder
glass conpositions having lower CTC’s, such as Corning
Glass Works No. 7575 can be used to provide the desired
increased pre-stress in the corners.

Longer segments, and fewer of them, can be used
in the larger tubes because the faceplate is more
resistant to deflection because of the increased thickness
of the glass. For example, the faceplate of a 35V tube is
about 1.25 inch thick. Only six segments will be needed
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ten$ed foil shadow mask 50. The mask will be noted as - .REPLACEMENT SEE 2

5' 6 FEB 1997 -9- bei ng secured to bridgi ng nenbers 87A, 87B 87C, and 87D

i ndi ca %F ﬁ@6$y|dg|ng the segments, Segnented mask suppor tpet/ussbryse6r 8
accord ﬁb9 fe invention is depicted as consisting of four discrete

sections 48A, 48B, 48C, and 48D, referred-b@-herein as "rails." The

facepl ate, and the screen, are based on an aspect ratio of 3 to 4. Rails
48A and 48C are known as "long rails" because they are | ocated on the |ong
si des of “for the shorter rails in this tube, and eight segments for

the longer rails. Segment length can be about 3.2 inches
for all such segments.

The segments have been depicted heretofore as
being of equal length. According to the invention, at
least selected ones of the segments have different lengths
in a conformation effective to disperse stress in the
glass of the faceplate, including an end segment which is

_longer than a centrally located segment. Segments having
different lengths are indicated in Figure 12, which
depicts a short rail 164 intended for a 14V tube, by way
of example. Three segments 166, 168 and 170 are depicted
as being affixed to a faceplate 172, with the means of
attachment indicated by beads of solder glass 174, 176 and
178. The segments are shown as being bridged by a
bridging member 180, according to the invention. With
reference to Table II, the short rail of a 14V tube is
described by the Table as having five segments comprised
of four P-type segments and one G-type segment, with the
latter segment located in the middle of the rail. 1In the
configuration of short rail 164 indicated by Figure 12,
the four P-type segments normally located at the ends of
the rail are indicated as having been combined according
to the invention into two P-type segments 166 and 170,
with the single G-type segment 168 located at the center
of the rail.

Another example follows which indicates how
segments may vary in length according to the invention,
and how they may be combined into fewer Segments when used
in larger tubes requiring longer rails. With reference to
Table II, it is noted that the table lists the number of
segments of a "short rail" of the 35V screen (in a 35-inch
diagonal measure tube) as 15, comprising eight P-type and
seven G-type segments. A "short" rail, in which the 15
segments are combinéd, is indicated by rail 184 in Figure
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the\fabeplate; sinilarlyf the "short" rails 48B and 48D are | ocated on the

‘short sides of the faceplate. The "long rail" and "short rﬁ%khg%ﬁw 0ol ogy:
.i's usewQ dr/@6Ytoout this disclosure. A preferred enbodi nent eqtr

Eht ed
support structure according to the-inventian is depicted in cross-section
and greater detail in Figure 4. A typical segnent 84A, indicated in Figure
3 as being a segnent located in rail 48A is shown as having a body of

Cerame iy TSR R llepige ncedasldvgrsgs oigt 08, Aopgiocc o
bri dgi ng menb&heg BAGhh RutYRamrRIRents havederp ceppolred oinket fpur
Bridgi ng nenbeleghehty adgleadsd; 1o dHAadde HeUMESESteddat e6Li HeAE B8R
securing shadow ke Jad" 184" PR Sen bty pesdinents have been
combined into three segments 194, 196 and 198 located at
or near the middle of rail 185. The unequal rail lengths
according to the invention will be noted.
The number of the segments, and their length and
~ width, is a function of the dimensions of the faceplate of
the tube in which they are to be used. The height of the
segments in the rails is based on the desired Q-height,
which varies with the size of the tube in which the
segment is to be used, and the pitch of the associated
mask. For example, the Q-height of tube with a 1l4-inch
diagonal measure and 0.3 mm pitch is about 9/32 of an
inch, while a tube with a 35-inch diagonal measure and a
pitch of 0.3 mm requires a Q-height of about one inch.
| Rails can be made by extrusion, preferably in the
form indicated by Figure 14 in which a train of segments
200 is shown upon emerging from the extruder. Before
sintering, the extruded segments are dried and cut apart
on the bottom side by a saw at the locations 202 and 204
indicated. Fifty or more rails can be cut apart
simultaneously using a gang saw. The ends of each segment |
can be rounded before or after sintering by means of a
shaping tool. The sintered segments are then placed in a
holding fixture and the bridging member (indicated by Ref.
No. 87A in Figures 3 and 4) is then cemented to the
segments by means of a devitrifying frit or an enamel, as
heretofore described.
The segment can also be made by injection molding
in the form shown by the train of segments 206-212
depicted in Figure 15. 1Injection molding provides an
advantage in that the corners can be rounded in the
process. The segments are shown as being connected by
-
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Laser welding neans for securing a foil mask to a support structure i s not

the subject of the present application,. but that of U S. Re¢tgnisdhisosi
4, 828, 8%% 91/0627%r i dgi ng nenbers may conprise Alloy No. 27 manufactured by

Carpenter Technology of Reading, Pa.; this-gmterial has a CTC of
approximately 105 to 109 X 10-7 in./in./degree C. over the range of the
tenmperatures required for devitrification--fromanbient tenperature to 450
degrees C. Al |wsiss 214 +21 & gihich ecdn dbar penevedtbyg sasoppting bBpdosheping

L Y L
many as 40 such segments can be molded 51mul aneously.

The ceramic segments can be made to a precision
size by dry pressing and sintering the powdered ceramic
composition. The ceramic formulation is thoroughly
blended (homogenized) by wet mixing the ingredients and
spray-drying them to a uniform, fine particle size.
Particle size is typically - 180 mesh + 325 mesh, or less
than 180 mesh (0.0031 inch) and greater than 325 mesh
(0.0017 :inch).

In the dry pressing process, the powder is
compacted in a die on an automatic mechanical press. The

F! grdhndisurface; t he securenent means is preferably that 'of |aser wel dnent.

i
3

powder is compressed into the desired segment shape
between a top and bottom punch while confined on the sides
by a die. By proper process control of particle'size and
bulk density of the power, the dimensions and unfired
density of the pressed segments can be accurately
predicted. A uniform and predictable unfired density will
provide a uniform shrinkage upon sintering, and thus a
sintered segment of very accurate size in its final form.
The pressed segments are removed from the press, set on a
refractory platé of required flatness and sintered in a
desired temperature and time sequence to vitrify the
composition and ensure that there will be no porosity:
ceramic non-porosity is critical in vacuum tubes of the
cathode ray tube type to prevent entrapment and later
release of contaminants such as the slurries used in the
phosphor sCreening process. )

A significant factor in the fabrication of a mask
support structure is the flatness/parallelism of the .
segments and the cost of the segments. The use of several
shorter segments as opposed to a single segment on each
side of the screen allows greater control of deflection
parameters, resulting in improved flatness and

. This Sheet Has Been Replaced
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7!_92 of 'cenent, indicated by the stipple pattern. The cenment nmay conprise a -
:devitrifying solder glass such as, for exanple, solder glass No. CV-685
manuf agidbede®so Orens-111inois of Toledo, Chio. Alternatel BCTAISHHN561
menber 87A may be secured to the sloping sides 86 of ceram c body 85 by a
porcel ai n enanel such as that manufactured2B8y Mobay Corporation, Baltinore,
Maryl and, under the designation Q350. This product, which is supplied in

e form of  SpBOMNEEA 163, Pr RS ABLY o Xed Wulh BdL 2e°he A ce ror
to the manuf agabricgthbacegsthesskgmentssbyt drgy presbdngnamelarand firm
adhesion of thg, BLRkcCheBhhA9LAY FRURE wE{f EBnLREUERE et ¥l s,
In the past, long'unsegmented rails have been
made by the extrusion process, a process that presents
problems because of the higher moisture content which
causes dimensional inaccuracies due to shrinkage when the
rail is dried and fired. There is much less shrinkage in
_the dry-pressing process because of the lower moisture
content, so the size and shape of the segments can be
controlled and predicted more exactly. For convenience of
handling in production, the sintered segments are first
secured to the associated bridging member prior to
attachment to the faceplate. The means of securement of
the bridging member may comprise a solder glass which
devitrifies at the previously cited temperature of 450
degrees C. Alternately, the means of securement may
comprise the porcelain enamel previously described.
Solder glass is preferred for securement of the
individual segments to the faceplate. The same solder

glass used to secure the metal to the ceramic can be used
since, once devitrified, the solder glass softens and
deforms at a considerably higher temperature than the
temperature at which it became devitrified. The
coefficient of thermal contraction of the solder glass can
be altered to place the glass beneath at least selected
ones of the segments into a predetermined degree of
tension.

‘The top surface of each bridging member is
preferably ground before attachment to the faceplate to
provide a land for receiving the foil mask, and to ensure
precise Q-spacing. The segments are first attached to the
bridging member to form a rail assembly easy to handle in
grinding production. The segments of the rail assembly
are then secured to the inner surface of the faceplate.
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~degrees C. to

Théfperanic body 85 of segnéht 84A is indicated as bein@rsecured to the

“glass of faceplate 24 by deposits 94 and 96 of cenent, which conprises a

devitrh%%gpg6 | der gl ass according to {he invention. The mey/umbaisserf the
mask sl égktenl i ncluding the conposition of the solder glass, is

preferably effective to place the glass of -ghe facepl ate beneath at | east
sel ected ones of the segnents into a predeterm ned degree of tension, as
set forth in referent copending application Serial No. (D5937). Faceplate
gl ass such as that suppSﬁ@GébthOCDMWQn@mxssowbthg r@ddniasgentidy ¥arek under

the designati O?rgg‘iénoﬂaﬁlaﬁec-rgno}ﬁo% glplch}-_%g,s/ A nr/so : pp | e;f HOM<3Q0,

oom t enperature by Cbrnlng
G ass Wrks, hg5ipding 4 opcrssery to Previdegredlet HO3mIEe® i¥daidkandc

to roomtenpergkbheing the mask, and to provide the proper Q-height.
"In situ grinding” is grinding by a separate operation
after the rail assemblies comprising the support structure
are secured to the faceplate. The precision of attachment
of the support structures is enhanced by the accurate
dispensing of the solder glass when in paste form onto the
bottom of the segments prior to their attachment to the
faceplate. Also, if porcelain enamel is used to secure
the bridging member to the segments of a rail assembly,
the thickness of the porcelain enamel can be held to
within + 0.0008 inch, and the solder glass for securing
the segments to the faceplate can be held to within =+
0.001. In most tubes, a tolerance range of + 0.0033 inch
in the height of the bridging member provides for a
precision that makes it unnecessary to grind the top
surface; only a cleaning of the surface may be all that is
required. B

Since the segments are accurately sized, and have
a slender, rectangular shape, they can be handled easily
by automatic equipment well-known in the production art.
The "saddle roof" configuration depicted in Figure 4 makes
it easy to orient the individual segments properly for
sihtering as well as for the dispensing of solder glass
and the mating with the bridging member which receives and
secures the mask. A rail assembly can bé handled as a

" unit for passing through the solder-glass dispensing
machine, and for automatic installation on the inner
surface of the faceplate.

The minimization of distortion in the faceplate
provided by the segmented mask support structure according
to the invention, makes feasible the application of the
flat tension mask technology to--
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ﬂ the CTC from 450 degrees C (the maxi mum processi ng tenperature reqU|red
*“for devitrification of the solder glass) to roomtenperature, is 98 X 10-
in. /i nWOSa/e697¢. Thus t he conposi tion of the sol der gl asspﬁré‘ﬁﬂ‘y@s?(ﬂr

cenmenting nedium having a CTC | ess -than thgf_of the faceplate, one
effective, with appropriate other -11- %ﬁ?aneters of the overall mask
support system to place the glass of the faceplate beneath at | east

sel ected ones of the sggigrsgtcgﬂhrg& q.ggf ?ér;{_gt{grerg;;gég $&1 fléf Si ?E"‘ﬁ]—hl S

desirable effect is ai roove secur enen
segnent 84A t &-Bhe ﬁécéQQQﬁ§ in diagonal measure;

(2) Interchangeable mask systens;

(3) Large-screen, high-definition television
systens;

(4) Projection systems.

The simplification of the production process and
automated handling of components, makes possible the

~elimination of many complex and expensive production steps
presently used. Also, cost reductions are achieved
through reduced need of expensive materials such as the
alloy used for the bridging members.

While a particular embodiment of the invention
has been shown and described, it will be readily apparent
to those skilled in the art that changes and modifications
may be made in the inventive means and process without

departing from the invention in its broader aspects.
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,24.JThis groove, which runs.lengthwise in the ceram c body 85 of segnent
- '84A, provides for receiving and formng a | engthwi se bead of cenent. The

asse | structed and arranged.to pre-stress the fapgglhessn/ososshe
"HO s

area o ce with the mask- support structure to enable the assenbly to
tolerate wi de tenperature excursions experi-exged during production. A
preferred conposition for the ceram c conponent of the segnents of the
support structure according to the invention conprises, in percentages,
magnesi a, 27; talc, 63; barium carbonate, GLAEM8l ball clay, 4. The

coefficient of thermal contractd Soéaéﬁg%q%?%é Hhe d e% g% %%neath

| east sel ected ones of the segmen ve to put
t he segments u:fta(s:e@lm'rajétaermmemcuégseumﬁr tiriage aweeptsally way of

disposed, rectangular screen, and on each of opposed sides
thereof a plurality of discrete mask support segments to
which are secured a tensed foil shadow mask.

2. The color cathode ray tube of Claim 1,
wherein at least selected ones of said segments have
different lengths.

3. The color cathode ray tube of Claim 1,
wherein said segments each have rounded ends effective to
minimize stresses in said faceplate inner surface. '

4. A color cathode ray tube including a glass
faceplate having on its inner surface a centrally
disposed, rectangular screen, and on each of opposed sides
thereof a plurality of mask support segments bridged by a
bridging member to which is secured a tensed foil shadow
mask.

5. The color cathode ray tube of Claim 4,
wherein the bridging member is metal.

6. The color cathode ray tube of Claim 4,
wherein mask support structure is disposed along each of
four sides of said screen for supporting the shadow mask,
said support structure comprising along each of said sides
a predetermined plurality of disérete, spaced segments
bridged and held by a metal bridging frame.

7. The color cathode ray tube of Claim 4,
wherein at least selected ones of said segments vary in
length in a conformation effective to disperse stress in
said glass of said faceplate.

8. The color cathode ray tube of Claim 4,
wherein said segments have ends configured to reduce
stress concentrations in said glass of said faceplate.

9. The color cathode ray tube of Claim 4,
wherein said bridging member has at least one thermal
expansion gap therein.

-'\
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_ exaﬁp1b,'a tensi on of greéter than 800 psi. As a resUTt t he tube assenbly

can withsta W de tenperature excursions experlenced s
produc?ﬂ%ﬁ'ﬁﬁkﬂﬂ tional details of the configuration of theﬁtizéﬁgqgﬁgghy 85

of a typical segment 84A are shown by Figups 5A and 5B. Ceram ¢ body 85 of

segment 84A is indicated as having rounded ends 100 and 102 configured to
mnimze stresses in the faceplate inner surfaee; the ends of all other

segnents are shown as he, ngmwdoardﬂ daHERd rd\ahibd F@chtiéﬂﬁs%of so:c der
gl ass 94/ 96 at_the .base segnent 84A.) .The benefjt of the. roundi o]
ends 100 and Y9ETedn ﬁ&#%a f?ﬁﬁﬂﬁ& STEACRnS &S |54 9D LAHTR gappear

in the gl ass dhnere shafameaty dewitirdfydemredl @A glass | axdiidl; supportt here
's no intersegligli s $ANHY Yetahl? And MavidPehdd WhHurdddigating a
reduce stress concentrations in said glass of said
faceplate, and said bridging member having at least one
thermal expansion gap therein. .
11. A color cathode ray tube including a glass
~ faceplate having on its inner surface a centrally
disposed, rectangular screen having on each of opposed
sides thereof a plurality of discrete mask support
segments to which are secured a tensed foil shadow mask,
at least selected ones of said segments having different
coefficients of thermal contraction.

12. The cathode ray tube of Claim 11, wherein of
the plurality of mask support segments along one side of
the screen, the end segments have a coefficient of thermal
contraction less than that of a segment or segments
intermediate said end segments.

13. The color cathode ray tube of Claim 11,
wherein said screen has on each of the opposed sides
thereof a rail formed of said plufality of discrete mask
support segments, at least the end segments of said rails
being composed of a material having a lower coefficient of
thermal contraction than said glass of said faceplate.

14. The color cathode ray tube of Claim 11,
wherein at least selected ones of said segments are
composed of a material having a lower coefficient of
thermal contraction than the coefficient of thermal
contraction of said glass of said faceplate.

15. The color cathode ray tube of Claim 11,
wherein said mask support segments are composed of a
material having a lower coefficient of thermal contraction
than that of said faceplate, said segments being bridged
by a bridging member for receiving and securing the tensed

foil shadow mask. R ]ce'd' ////’/\"\;
T e




,-unifofhfand not excessive stress in the gl ass. If the ends were square

* rather than rounded, as indicated by hypothetical segnent 91 shown by
Fi gur e WwE6.91rd9076t ress lines 106 that -woul d be present in tPETYUSS 08961t he
faceplate t-o which segnment 91 is attached woul d appear substantially as
depi cted; the convergence of stress |ines™&8~corners 108 and 110 woul d very
| i kel y-induce cracking and spalling of the glass at the points of

convergence. The segnepis e spaced apart .accord to th i,nvention a
di stance effective to £%9vgﬁ?eiﬁ?g?geﬁggéﬂdﬁfr§¥rt§§elPﬁeg PA™ }d +f acepl at e
gl ass whi ch erlvexxé n fabnléhst eseteoctefiheneggotnsasid osbgmenss, hiavtieigsect i ng

stress |ines gjfrerent lengths and different coefficients of thermal
contraction. '
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; can' create areas of high stress in the glass to which the segments are
- a;]'t achﬁgb?ir,pggﬂesi red spacing bet ween segnents is indicat esictudopaisoer ©.

i ch c the adj acency of the«rounded ends of two segnents 84A and
112. The respective stress lines 114 and 116, noted as being in the glass
of the faceplate, are shown as not overl apping, #nd8herefore, mnimzing
stresses -in the faceplate inner surface. The desired spacing of segnents
84A and 112 is about 3/8 inch, by way gz exanple. To facilitate .
manuf acture, the metal bridging nmenbers’ ma first formed as a unitary
frame to which the discrete segnents are d. The segnents are then
secured to the faceplate and the fra ; at the corners to form
according to the invention, th&-Kour ; e 84rails 48A-48D

indicated in Figure 3. ‘
J 64 / 50
62 A 28

(N 48A
[/ Z R

es ©8 N i 2 2 Y 26
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!‘Fi gure 7 depicts the relationship of segnents 116 and 118 of the two

* ‘discrete, segmented rails 48A and 48B | ocated in corner s 1
facepM%@él@ég'(‘%ee Figure 3). The area of separation 126 ?g@?/ndi Cg{sfegg by the
dashed lines, and may conprise, by way of exanple, a separation of about
1/4 inch. The severing of the frane may be yyag)l | shed by saw neans which
cut the bridging nenbers 87A and 87B apart e the support structure is
attached to the faceplate. Prior to their attachnment to the -13--
faceplate and their separation, the conjoined rails provide for easy
handl i ng in production. Foll ow nt?BA :

112 B4A B7A 116 120
S A\ ) 7

, . D 118
48D ? - °°:o:;=o‘ 'PS";B l 488
B7D - 26
= = N\ ) 878
A

\\\V/ T

2’ XL :

| i
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atiachnent to the facepFate and their separation, t e mask support

-+ structure can freely expand and contract under the tenper F R 1 ons

exper @ o§fbed0 production. It has-been. found that the snma hiatus 1 n the
support of the tensed mask at the-corners provided by the area of
separation 126 has no deleterious effect on the overall integrity of the
support structure. The bridging menbers 87A @ndg37B will be noted as

over hangi ng the respective underlying ceram c segnents 116 and 118; the
over hangi ngs, indicated by reference Nos. 127a and 127b, are of the order
of about 1/10 of an inch. The overhangi ng of the bridging nmenbers of the
segnent ed nmask support structure acitet o praunde f®4 a smooth transition of
the cenent used to attach the brldgl it '
body, thus avoiding the

. This Sheet Has Been Re aced .
l
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presénce of pockets which might otherw se harbor contani nants deposited

*oduri n%yt he production process. The bridgi ng nenbers accor gicigussn/bEse1
: .

i nventWed! 7%rab|y have at | east oné*thernal expansi.on gap therein. Wth
reference to Figure 3, two such gaps 128 and 130 are indicated roughly
equidistant in bridging nenber 87C of rail 48C. Gaps 128 and 130 are shown
as being | ocated between two adjacent segnmerdy/ & the rail 48. The purpose
of the gaps is to further relieve the stress on the faceplate inherent in
the attachnent of jthe rails to it. The gaps are preferably cut with a saw
havi ng the s@f0%&Ygt possible kerf; e.g., 1/32 of an inch. Experinents have
shown that such gdps have little or no effect on the structural integrity
of the support strlucturegfter it is cenented to the faceplate.

0001 4 /\ ‘/ A

-0-002 i 1 L LI A} 1 v 1 ] 1 - i
! 2 3 4 S 6 7 8 9 10 1 12

TEST POINTS AROUND PERIPHERY (SEE FIG. 8A)
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. The benefi*ts of thermal expansion gaps according to the invention are

I ndi cq\t{(gg reﬁpi cally in Figure 8. As explained bel ow, thecydaidoazesoen of a
gl ass é&Pa eis -14- indicated ‘Under conditions of (a) no support
structure,. (b) a continuous (unsegnented) ceramic support structure, (c) a
segnented ceram c support structure according to the invention, and (d) a
segnented ceram c support structure |ike thHe Afructure in (c), but having
two gaps therein (see gaps 128 and 130 in Figure 3). The facepl ate under )
test had a thickness of 0.520 inch, and face di nensions 'gf4 10-3/4 inches by

13-7/16 inches; the diggonal jreasyre ofg (70 /

174 i\ X \ } 4 .
\hl‘T\ P- ;\!fﬂlfﬂnlel P-

TN
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ItEl>LfsCEh!mTf_S§ithS 3o G ¢
the face¢pl a nches. Ttriptidn :tpaged dstto pagent .=
j.ocati ops otrf&jt égé%qg an E’{mrt rails ar @’g:@q&m)ed :gagsh a6 Xo prpwl 2
and the E[lemseﬂ;itbmhp@jbat e fig g&l te€ il i nches g9 d paped hle tY pagsd.. 2,

Figure B ¢(qu1|(s§at egtf;f Qe;hOﬁatl gg;the facepl g /@‘E f strE'EtSt ;Q;aba; sl‘ilotihgwgﬁ

12 ind| g P e [noted t hat e test poi nts are | ocated

i medi a '5'1']9@] dBR%GA t-he to aagegl 4B‘A- 48D, and ut Sy r
fillets|Hithsteated: pagedefEr.enpageaurberfs 94 and b ?’hgpp}fhﬁ—u E,hdﬁ Zgﬁafégalggj '

of the trest—potats—s—the-result of easuigmsnts that indicated that the

greatest defl ectionsphglyie, fagsHl JaS el R0 Yolddg rail
attachnment is adjacent nd (d) in -
whi ch a support StrUOi‘ﬁ'Fitlog Y&eﬁﬁiaﬁ ﬁ&tgg%% %@Z&E gi)tgﬁ%gfa was by

picture tubes, and is addressed specifically to the
manufacture of tubes having shadow masks of the tension
foil type in association with a substantially flat
faceplate. The invention is useful in the manufacture of

color tubes of various £ypes, including those used in home
entertainment television receivers, and in
medium-rescolution and high-resolution tubes intended for
color monitors.

' The tension foil shadow mask is a part of the
cathode ray tube front assembly, and is located in close
adjacency to the faceplate. As used herein, the term
"shadow mask" means an apertured metallic foil which may,
by way of example, be about 0.001 inch thick, or less.

The mask is supported in high tension a predetermined
distance from the inner surface of the faceplate; this
distance is known as the "Q-distance." As is well known
in the art, the shadow mask acts as a color-seléction
electrode, or "parallax barrier," which ensures that each
of the three beams generated by ths electron gun located
in the neck of the tube lands only on its assigned
phosphor deposits.

The requirements for a support meanslfor a foil
shadow mask are stringent. As has been noted, the foil
shadow mask is normally'mounted under high tension,'
typically 30 lb/inch. The support means must be of high
strength so the mask is held immovable; an inward movement
of the mask of as little as 0.0002 inch can cause the loss
of guard band. Also, it is desirable that the shadow mask
support means be bf'such'configufation and material
composition as to be compatible w1th the means to which it
is attached. As an example, if the support means is.

attached to glass, such as the glass of the inner surface—
of the faceplate, the support: means must have a REPLACEMENTSHEE

coeff1c1ent of thermal expan51on compatlble with thF
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nmeahs of the devitrified glass frit described in the foregqi Ha—the
process, the faceplates under test were passed through a IGREﬁLACEhﬂ@ﬂ'SHEET
were heated to a tenperature of 450 degrees C. to acconpli$h
devitrification of the solder glass and the pernanent atta:h1eg% 2; t he
segnments to faceplate. In condition (a), in which no suppoft{s 9 IE@r@%as
attached to the faceplate, the faceplatq%alone was passed § hFewgh-the sg

|l ehr to determine its deflection due to heating. Measurenments of deflection]
were made by neans of a dial gage indicator having an accuracy of—+—8-666-1

inch. I'n nenasist aidg fi@téﬁﬁbﬁlﬁlﬁiﬂlﬁ%érﬁm&t@o% the four test
condi tions s | nq: lcat e n(‘; bgl tcp%se I
Al he support eans sh ul such composition and
structure that the mask can be secured to it by

production-worthy technigques such as electrical resistance
welding or laser welding. Further, it is essential that
the support means provide a suitable surface for mounting
and securing the mask. The material of which the surface
is composed should be adaptable to machining or other
forms of shaping so that it can be contoured into
'near-perfect flatness so that no voids between the metal -
of the mask and the support structure can exist to prevent
the positive, all-over contact required for proper mask
securement.

To forestall cracking or spalling of the glass of
the faceplate resulting from the stress inherent in the
cementing of the support structure to the glass of the
faceplate; it is essential that the coefficients of
thermal contraction ("CTC") of the glass of the faceplate,
the metal of the tension mask support structure, and the
devitrifying solder glass (known coloquially as "frit"),
used as the cement, be compatible. For example, the metal
used in conjunction with the support structure may
comprise Alloy No. 27 manufactured by Carpenter Technology
of Reading, Pa.; this material has a CTC of approximately
105 to 109 X 10-7 in./in./degree C. over the range of
the temperatures required for devitrification--from
ambient temperature.to 450 degrees C. Faceplate glass
such as that supplied by Corning Glass Works, Corning, New
York under the designation 9068, has a CTC of
approximately 100 X 10~7 in./in./degree C. from 300
degrees C. to room temperature. Solder glass 7590, also
supplied by Corning Glass Works, has a CTC of 97 X 10-7
in./in./degree C. from 300 degrees C. to room
temperature. This range of CTC’s is about as compatible
as it is possible to achieve with this range of materials,



(a)f|jne 132 (solid), no support structure (b) line 134/RE sﬁﬁéﬁm
unseghent ed support structure (C line 136 (short dashep) fent

UJ

Support structure (d) line 138 (long and short dashes), 'segneﬁted sudpgrt
structure with two thernmal expansion gaps in each rail. he 21%REBi 1992
effect of condition (c), line 136, a segnmented support fstlructure accordi g

to the invention, is readily apparent- when conpared w tth condition (b);
| ine 134, an unsegnented support structurg~in that fa46ﬁ+a¥€-deiL£QLl£ELiS
significantly | ess. The beneficial effect

and makes feasible the cementing of them together under

the wide temperature variations required in tube

manufacture. _

It is desirable in some applications to provide a
mask support system, including cement, having a
composition effective to place the glass beneath the
support system into a predetermined degree of tension.

It has been found that the cementing of a support
structure to the glass of the faceplate can appreciably
distort the faceplate if the mismatch is great enough. 1In
the practical utilization of interchangeable mask systems,
it is important that the faceplate be as ‘flat as possible,
and that it remain flat throughout the wide teméerature
excursions incident to the process of cathode ray tube
manufacture. Any excessive out-of-plane distortion may
bring into question the feasibility of interchangeable
mask systems in flat tension mask tubes.

Significant factors in the manufacture of a
tension mask support structure include: (1) the cost of
the materials of.the structure; (2) the compatibility of
the composition of the support structure with the glass of
the féceplate; and (3) the flatness/parallelism of the
structure. '

The requirement for flatness and parallelism
remains the same regardless of the length of the rails,
which in turn is getermined by the size of the tube; the
longer the rail, the greater the problems in its
fabrication, and the greater its cost. Also, the longer
the rail, the greater any effect of the "incompatibility of
the materials of rail and faceplate, and hence the greater
the resulting distortion of the faceplate.

In consequence, there has been a very real
limitation on the potential size of flat tension mask
cathode ray tubes. It is an objective of the present
invention to resolve the size-limitation and the related
problens. .



will be seen to be markedly greater under condition (d), line 138, a
segnmented structure with gaps according to the invention, in ey
tefl ection is conparable to that of a faceplate having no SUFEE%EZZ%EﬁgEEKEFET
at~all thereon. This may be understood as follows. The conposite strucrure
conprising the faceplate, the ceram.c structure and the netal{ Br #ﬁﬁ‘ 97
menber, have a tri-netal effect.. The brlgglng nmenber has the hlghest &?
the ceramic structure the | owest. Upon cdoling, the glass w exer-t—the
greatest effect, bowi ng the conposite structure upwardly. We[see the

gr eat est def | ect i on Qgetggp&gegakageuwgenPganﬁe&%nlq 3y} brddgi ng nember

are both continuous (see i ne & When_t he ceram ¢ structure is
broken, as B¥SSegRest &t F8 °FS€ét6P§ﬁhrP n&ubgchavipng a

faceplate-mounted mask support structure with a welded-on,
high-tension foil shadow mask. The faceplate of the tube
has on its inner surface a centrally disposed phosphor

target surrounded by a peripheral sealing area adapted to
mate with a funnel. A separate metal faceplate frame is
secured to the inner surface of the faceplate between the
sealing area and the target. The separate metal frame
supports a welded-on tension foil shadow mask a

~ predetermined distance from the inner surface of the
faceplate. The separate face-mounted frame has a
plurality of slurry-passing structures contiguous to the
inner surface of the faceplate for passing any surplusage
of slurry during the radial-flow, slurry-depbsition
process used in screening the faceplate. 1In one
embodiment of the invention, a faceplate-mounted metal
frame is shown as being discontinuous ("broken") or
segmented. Gaps in the metal frame provide for the
passage of slurry used in screening, and the
discontinuities in the metal of the support structure are
said to compensate for differences in the coefficients of
thermal expansion or contraction of the metal of the
support -structure and the glass of the faceplate. The
foil shadow mask is indicated as being welded directly to
the metal of each discrete part of the support structure.

Other prior art includes U.S. Patent Nos.
3,894,321, 4,547,696, 4,595,857, 4,695,761, 4,737,681,
4,745,330, and 4,828,523. .

It is a general object of the invention to
provide means and a process for facilitating the
manufacture of color cathode ray tubes having a tensed
foil shadow mask.

_ It is an object of this invention to provide a
process for use in the manufacture of tension mask



bi-ﬁhterial effect between the ceramc and the glass is lRﬁ éﬂﬂﬁ§¢ e
 SHE

dl ass Wl tend to return to its natural state. However, Bl
ceram c-netal structure is still acting against the glasg. [Wen the

bri'dgi ng member is also severed (see graph line 138), th {ri2 gEES il of
bi -material effect is alnost conpletely elimnated and thejglass returns}tp
a state closely approximating its naturag 26FEB 97 -1f6- Jrare.—VW——see
that graph line 138 closely approaches graph |line 132 defpicting the glass
inits free state without any mask support structure attached.

faceplate assemblies that simplifies manufacture and

reduces manufacturing costs.

It is an object of this invention to prov1de a
resolution to the problems of incompatibility of the
materials of a tension mask support structure and the
faceplate to which it is attached.

It is another object of the invention to provide -
means and a process for manufacturing color cathode ray
tubes that provide resolution and image size useful in
high-definition television systems.

It is another object of this invention to provide
means and process that will maintain the flatness of the
faceplate of a tension mask tube during thermal production
cycles.

It is a further object of this invention to
provide means and process that make feasible the
manufacture of the relatively large flat tension mask
color cathode ray tubes for use in commercial television
and in video monitors.

It is yet another object of this invention to
provide means and process that make feasible the
manufacture of flat tension mask color cathode ray tubes
having interchangeable shadow masks.

It is another object to provide structure and
production method permitting use of a ceramic mask support
structure in a large screen cathode ray tube without the
cost and fabrication obstacles attending the use of
lengthy mask support rails.

It is still another object to meet the
aforestated objective with a mask-support structure which
is easy to handle in production.

It is yet another object to provide a tension
mask support structure having improved flatness and
Q-height uniformity.

In the drawings:




segnent 142 is indicated. Segnent 142, which is one of a pr term ned
plurality of discrete, spaced ceranic segnents such as are we & REBi 1997 e
3, is depicted as being secured to a glass faceplate 144 b posits 146 of
sol der gl ass. Segnment 142 is indicated=®s having a bridgi ng menber 1487
affi xed thereto for receiving and securing a shadow mask 156—B«idgi.ng
menber 148, indicated as conprising a flat strip, bridges the segnents of
the support struct uFé98&Eorkditfg® & ViiRFertt HETSBHET MY flr ati ons of

t he segmentensfion magkerioddrmesithsideuxtayr dwbec dradiitg ttthe hetructante on ar e

depi ct ed iQngrgﬁﬁﬁig%tE%ntﬁ%g“k%%slgﬂ%“$fgheéébéqé¥”€his invention,
with cut-away sections that indicate the location and
relation of the major components of the tube;

Anofher enbodi mrent of a segnented mask support structure ac ] -
isnventiion is depicted in Figure 9, in which a cross-section _g%ﬂQENEmﬁhgﬂEhj
%d
h

Figure z_is a plan view of the front assembly of
the tube shown by Figure 1, with parts cut away to show
the relationship of the faceplate with the mask support
structure and shadow mask; insets show greatly enlarged
mask apertures and phosphor screen patterns;

Figure 3 is a view in'perspective of a cathode
ray tube faceplate having a segmented shadow mask support
structure according to the invention mounted thereon:

Figure 4 is a view in elevation of a
cross-section of a preferred embodiment of a segmented
mask support structure according to the invention;

Figure 5A and 5B are top and side views,
respectively, of one segment of the Figure 3 mask support
structure having rounded ends according to the invention;

Figure 5C is a fragmentary top view of a
hypothetical segment having ends which are square;

Figure 6 is a top view of two abutting sections
of a segmented mask support structure according to the
invention, with a representation of the stress lines which
exist in the faceplate glass to which the structure is
attached; . '

Figure 7 is an enlarged perspective view of the
intersection of two corner sections of the segmented mask
.support structure shown in Figure 3;

Figure 8 is a graph indicating by comparison the
beneficial effects of a segmented support structure
according to the invention;

Figure 8A is a plan view of the inner surface of
a faceplate having a segmented mask support structure
according to the invention,_showing the location of points
for measuring the stress on the faceplate;



10, the bridgi ng nmenber 152 is shown as being in the forn1r#—a—irrnmn" that
overl aps the sides of the ceramic body 154 of the segnment REPLA[E&EQ@F eFET
11, segnent 158 is shown as having a bridgi ng nenber 160 ijn L
crown nortjsed into the ceranm c body 162 of the segnent. Th ngggggratio s
depicted by Figures 9-11 are disclosed in U S. Patent No. |4,/73%! d997

common ownership; it is noted that the 63ﬁfigurations I n §hé—681 _patent
conpri se continuous, rather than segnented, rails. Shadowjnmask support

: . L o _
For the. attachmont of LAUFS: P Shafof SESk S Cara T en e Sk, G Th 1 of er ent
U.S. Patentehegation3pfesltipdcal7segsentobfcamatheswemtsidjpnandt enf té, and
in referentsegpendeadmabR! 56pbbeRs sBeubtlriofccbi@ih dnd?2, 412, al so of
invention;
Figures 10 and 11 are cross-sectional, detail

views in elevation of typical segments of further
embodiments of a. segmented mask support structure
according to the invention;

Figures 12 and 13 are side views in elevation of
other embodiments of a segmented mask support structure
according to the invention; and

Figures 14 and 15 are perspective views of
in-proces:s mask support structures indicéting structural
configurations that facilitate manufacture.

A color cathode ray tube having a segmented
support structure according to the invention is depicted
in Figures 1, 2 and 3. The tube and its component parts
are identified in the Figures, and described in the
following paragraphs in this sequence: reference number,
a reference name, and a brief description of structure,
interconnections, relationship, functions, operation,
and/or result, as appropriate.

20 color cathode ray tube

22 front assembly

24 glass faceplate

26 inner surface of faceplate

28 centrally disposed phosphér screen on inner

surface 26 of faceplate 24; the round deposits of
phosphor, shown as surrounded by the bldck matrix, are
depicted greatly enlarged

30 film of aluminum
32 funnel
34 peripheral sealing area of faceplate 24, adapted

to mate with the peripheral sealing area of funnel 32
48 shadow mask support structure according to the
invention noted as comprising four discrete "rails" 48a,




e

conﬁnn ownershi p. As noted, the anpunt of stress exerted
tthe facepl ate, and resultant deflection, can be REPL A

controlled by (a) the conposition of the ceramc, and/or (b)g thc
cortposition of the solder glass used to attach the segnent dgg g‘ﬁﬁs
Al so as noted, a segnented support structure according to 3
conprise four discrete rails secured on odposed si des of th screen- -tWo. .
| onger rails on the Iong side of the faceplate, and two shiorter rails on
t he short si deB of

48C and 48D located on opposed sides of the screen 28
and secured to inner surface 26 of faceplate 24

50 metal” foil shadow mask; after being tensed, the
mask is mounted on support structure 48 and secured thereto
52 shadow mask apertures, indicated as greatly
enlarged in the inset for illustrative purposes; there is
one aperture for every triad of phosphor deposits

58 internal magnetic shield

60 internal conductive coating on funnel

62 anode button

64 high-voltage conductor

66 neck of tube

68 in-line electron gun providing three discrete_

in-line electron beams 70, 72 and 74 for exciting the
respective red-light-emitting, green-light-emitting, and
blue-light-emitting phosphor deposits on screen 28

€9 .base of tube' .

71 metal pins for conducting operating voltages and
video signals through base 69 to electron gun 68

76 yoke which provides for the traverse of beams 70,
72 and 74 across screen 28 ,

78 contact spring which provides an electrical path
between the funnel coating 60 and the mask support
structure 48 and shadow mask 50. '

With reference to Figure 3, a color cathode ray
tube according to the invention includes a glass faceplate
24 having on its inner surface 26 a centrally disposed,
rectanguliar screen 28. A metal foil shadow mask 50 is
mounted in tension on a mask support structure 48 shown as
being located on opposed sides of screen 28 and secured to
the inner surface 26 of faceplate 24. The support
structure on each side of the screen is shown as
comprising a predetermined plurality of discrete spaced
segments 82 composed of ceramic to which are secured the
tensed foil shadow mask 50. The mask will be noted as




faceplate
the variable, and the effect on the glass, whether stressed|o

by the attachment, depends on the CTC of the ceramic used tp formth

In the table that follows, the CTC of the ceram ENT%E_E

The lengths of segments are dependent upon the scfe nzsfbf&BoWQ?he

segnents.
cat hode ray tube, as shown by way of eﬁfnple in Table I. (O sions are
i nches.) TABLE |. SEGVENT DI MENSI ONS | N RELATI ON TO SCREEN {SI ZE Screen Size

14V

20V 25V 30V 35V (di agonal neasur eyr—Sereer—Area
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11. 2
8

éndlcatedlfs bridging the segments.

Segmented mask support structure 48 according to
the invention is depicted as consisting of four discrete
sections 48A, 48B, 48C, and 48D, referred to herein as
"rails." The faceplate, and the screen, are based on an
aspect ratio of 3 to 4. Rails 48A and 48C are known as
"long rails" because they are located on the long sides of

. the faceplate; similarly, the ¥"shortY rails 48B and 48D

are located on the short sides of the faceplate. The
"long rail" and "short rail" terminology is used
throughout this disclosure.

A preferred embodiment of a segmented support
structure according to the invention is depicted in
cross-section and greater detail in Figure 4. A typical
éegment 84A, indicated in Figure 3 as being a segment
located in rail 48a, is shown as having a body of ceramic
85, indicated symbolically, and has in cross-section the
aspect of a house with a saddle roof with sléping sides 86
over which is folded a bridging member 87A, shown
symbolically as being composed of metal. Bridging member
87A provides for bridging the segments and receiving and
securing shadow mask 50 on flat peak 89, which may have a
ground surface; the securement means is preferably that of
laser weldment. Laser welding means for securing a foil
mask to a support structure is not the subject of the
present application, but that of U.S. Patent No. 4,828,523,

The bridging members may comprise Alloy No. 27

‘manufacturéd by Carpenter Technology of Reading, Pa.; this
- material has a CTC of approximately 105 to 109 X 10-7

in./in./degree C. over the range of the temperatures
required for devitrification--from ambient temperature to
450 degrees C. Alloys having equivalent characteristics
supplied by other manufacturers may as well be used.
Bridging member 87A is indicated as being secured
to the sloping sides 86 of segment 84A by deposits 90 and




Seghents
1.4
i.48

6 9 11 13 15 mapy—
1.4 1.51 1. 47 1.57 Segnents Rﬁﬁﬁé@%ﬁmﬁﬁ i

1.50 - 1.52 For the 14V tube, for exanple, i§ Wll be seent
there are five segnents each having a length of 1.4 inchesjalppdgmaeggrof

hat

the sort rails, and six segnents each having a |l ength of {1157 inches al opg
each of the long rails. Studies have shew-t hat defl ecti ¢n The Taceprate
resulting fromthe attachnment of a support -18- strucfure to a faceplate

i s great est9 at the m dpoi nt_of

2 of cement, indicated by the stipple pattern. The
cement may comprise a devitrifying solder glass such as,
for example, solder glass No. CV-685 manufactured by
Oowens-Illinois of Toledo, Ohio. Alternately, bridging

. member 87A may be secured to the sloping sides 86 of

ceramic body 85 by a porcelain enamel such as that
manufactured by Mobay Corporation, Baltimore, Maryland,
under the designation QI350. This product, which is
supplied in the form of a powder, is preferably mixed with
amyl acetate and nitro-cellulose to make a paste of
workable viscosity. Heating incidental to the
manufacturing process results in setting of the enamel and
firm adhesion of the metal of bridging member 87A to the
ceramic body 85.

The ceramic body 85 of segment 84A is indicated
as being secured to the glass of faceplate 24 by deposits
94 and 96 of cement, which comprises a devitrifying solder
glass according to the invention. The parameters of the
mask support system, including the composition of the
solder glass, is preferably effective to place the glass
of the faceplate beneath at least selected ones of the
segments into a predetermined degree of tension, as set
forth in referent copending application Serial No. (D5937).

Faceplate glass such as that supplied by Corning
Glass Works, Corning, New York under the designation 9068,
has a CTC of 100 X 10-7 in./in./degree C. from 300
degrees C. to room temperature. Solder glass 7590, also
supplied by Corning Glass Works, has a CTC of 97 X 10-7
in./in./dégree C. from 300 degrees C. t0 room temperature;
the CTC from 450 degrees C. (the maximum processing
temperature required for devitrification of the solder
glass) to room temperature, is 98 X 10-7 in./in./degree
C. Thus the composition of the solder glass provides for
a cementing medium having a CTC less than that of the
faceplate, one effective, with appropriate other
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the CTC This desirable effect is aided by groove 98 in

D

the area of securement of the segment 84A to the faceplate
24. This groove, which runs lengthwise in the ceramic
body 85 of segment 84A, provides for receifing and forming
a lengthwise bead of cement. The assembly is constructed
and arranged to pre-stress the faceplate in the area of
interface with the mask support structure to enable the
assembly to tolerate wide temperature excursions
experienced during production.

A preferred composition for the ceramic component
of the segments of the support structure according to the
invention comprises, in percentages, magnesia, 27; talc,
63; barium carbonate, 6; and ball clay, 4. The
coefficient of thermal contraction of this composition,
when used for at least selected ones of the segments, is
effective to put the glass beneath the segments into a
predetermined degree of tension, such as, by way of
example, a tension of greater than 800 psi. As a result,
the tube assembly can withstand the wide temperature
excursions experienced during production.

Additional details of the configuration of the
ceramic body 85 of a typical segment 84A are shown by
Figures 5A and 5B. Ceramic body 85 of segment 84A is
indicated as having rounded ends 100 and 102 configured to
minimize stresses in the faceplaté inner surface; the ends
of all other segments are shown as being similarly
rounded. (Note the fillets of solder glass 94/96 at the
base of segment 84A.) The benefit of the rounding of ends
100 and 102 is indicated by symmetrical stress lines 104
which appear in the glass of the faceplate to which
segment 84A is attached; i.e., there is no intersection or
concentration of the streés lines 104, indicating a
uniform and not excessive stress in the glass.
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Nunber of the stress lines 106 that would be present in the glass of

the faceplate to which segment 91 is attached would appear
substantially as depicted; the convergence of stress lines
at corners 108 and 110 would very likely induce cracking
and spalling of the glass at the points of convergence.

The segments are spaced apart according to the
invention a distance effective to prevent intersection of
stress lines in the faceplate glass which emanate from the
ends of the segments; otherwise, intersecting stress lines
can create areas of high stress in the glass to which the
segments are attached. The desired spacing between
segments is indicated in Figure 6, which depicts the
adjacency of the rounded ends of two segments 84A and
112. The respective stress lines 114 and 116, noted as
being in the glass of the faceplate, are shown as not
overlapping, and therefore, minimizing stresses in the
faceplate inner surface. The desired spacing of segments
84A and 112 is about 3/8 inch, by way of example.

To facilitate manufacture, the metal bridging
members may be first formed as a unitary frame to which
the discrete segments are attached. The‘segments are then
secured to the faceplate and the frame is severed at the
corners to form, according to the invention, the four
discrete,'segmented rails 48A-48D indicated in Figure 3.

Figure 7 depicts: the relationship of segments 116
and 118 of the two discrete, segmented rails 48A and 48B
located in corner area 120 of faceplate 24 (see Figure
3). The area of separation 126 is indicated by the dashed
lines, and may comprise, by way of example, a separation
of about 1/4 inch. The severing of the frame may be
accomplished by saw means which cut the bridging members
87A and 87B apart after the support structure is attached
to the faceplate. Prior to their attachment to the




Segﬁents: Short rails-- 5 7 8 10

rails-- 6 9 - 11 13 15 -19- TA
Conti nued Types of Segnments: Short Rails-- 4P 4P

6P 6P 1G 3G 4G 4G - 5G Long Rai lfs+-
4P 6P 6P 8P 2G 5G 5G 7G

For exanple, with regard to the 14V tub&3~there

faceplate and their separation, the conjoined rails k
provide for easy handling in production. Following
attachment to the faceplate and their separation, the mask
support structure can freely expénd and contract under the
temperature excursions experienced in production. It has
been found that the small hiatus in the support of the
tensed mask at the corners provided by the area of
separation 126 has no deleterious effect on the overall

. integrity of the support structure.

The bridging members 87A and 87B will be noted as
overhanging the respective underlying ceramic segments 116
and 118; the overhangings, indicated by reference Nos.
127a and 127b, are of the order of about 1/10 of an inch.
The overhanging of the bridging members of the segmented
mask support structure act to provide for a smooth
transition of the cement used to attach the bridging
members to the underlying ceramic body, thus avoiding the
presence of pockets which might otherwise harbor
contaminants deposited during the production process.

The bridging members according to the invention
preferably have at least one thermal expansion gap
therein. With reference to Figure 3, two such gaps 128
and 130 are indicated roughly equidistant in bridging
member 87C of rail 48C. Gaps 128 and 130 are shown as
being located between two adjacent segments of the rail
48. The purpose of the gaps is to further relieve the
stress on the faceplate inherent in the attachment of the
rails to it. The gaps are preferably cut with a saw
having the smallest possible kerf; e.g., 1/32 of an inch.
Experiments have shown that such gaps have little or no
effect on the structural integrity of the support
structure after it is cemented to the faceplate.

The benefits of thermal expansion gaps according
to the invention are indicated graphically in Figure 8.

As explained below, the deflection of a glass faceplate is



will be five segnents in each of the short rails conprigilng four

pre-stressed P-type segnents, with a single Gtype seg ' &=dch
$ai|, for a total of five segnments. Wth regard to the | “ggﬁﬂmﬁﬁ?gﬁﬁJ*
14V tube, there will be four P-type segnments, with two |G{t ype segnents

the center, for a total of six.segnents. Wth respect tfo |t hé &REBI1ee7
facepl at es whi ch have fewer segnents, S&&nm as the 14V 4nd_20V, the CTC{o
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Lot By bELPEg h e Ceofld PP STATERL bt Pt bonusk @

adj ust ment (b egneontihaousg(unsd@nehted) 9¢exXanldc7 suppbirt. stewmoEar@, can be

used for the) GlyggmeAPLal EURARDE LUBPLRECctBARLR8Y8dcording to the
invention, and (d) a segmented ceramic support structure
like the structure in (c), but having two gaps therein
(see gaps 128 and 130 in Figure 3). The faceplate under
test had a thickness of 0.520 inch, and face dimensions of
10-3/4 inches by 13-7/16 inches; the diagonal measure of
the faceplate was 17.552, or 17-9/16 inches. In Figure 8,
the test point locations on the long rails and short rails
-are indicated on the X-axis, and the deflection of the
faceplate in inches is indicated on the Y-axis.

| Figure 8A indicates the location on the faceplate

of test points 1 through 12 indicated in Figure 8. It
‘'will be noted that the test points are located immediately
outside of the rails 48A-48D, and outside the solder glass
fillets indicated by reference numbers 94 and 96 in Figure
4. The loéation of the test points is the result of
measurements that indicated that the éreatest deflection
of the faceplate from stress caused by the rail attachment
is adjacent to the rails. '

In conditions (b), (c) and (d) in which a support
structure was secured to the faceplate, securement was by
means of the devitrified glass frit described in the _
foregoing. 1In the process, the faceplates under test were
passed through a lehr in which they were heated to a
temperature of 450 degrees C. to accomplish ,
devitrification of the solder glass and the permanent
attachment of the segments to faceﬁlate( In condition
(a), in which no support structure was attached to the

faceplate, the faceplate alone was passed through the same
lehr to determine its deflection due to heating.
Measurements of deflection were made by means of
a dial gage indicator having an accuracy of + 0.0001 inch.
In more detail, deflection of the glass faceplate
under the four test conditions is indicated in Figure 8 by
these lines:
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.descr’i bed, special solder glass conpositions having o
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(a) 1line 132 (solid), no support structure

(b) 1line 134 (long dashes), an unsegmented
support structure

(c) 1line 136 (short dashes), a segmented support
strhcture

{d) 1line 138 (long and short dashes), a
segmented support structure with two thermal expansion
gaps in each rail.

The beneficial effect of condition (c), line 13s,
a segmented support structure according to the invéntion,
is readily apparent when compared with condition (b), line
134, an unsegmented support structure, in that faceplate
deflection is significantly less. The beneficial effect
will be seen to be markedly greater under condition (d4d),
line 138, a segmented structure with gaps according to the
invention, in that faceplate deflection is comparable to
that of a faceplate having no support structure at all
thereon. :

This may be understood as follows. The composite
structure comprising the faceplate, the ceramic structure
and the metal bridging member, have a tri-metal effect.
The bridging member has the highest CTC, the ceramic
structure the lowest. Upon cooling, the glass will exert
the greatest effect, bowing the composite structure
upwardly. We see the greatest deflection of the faceplate
when the ceramic and bridging member are both continuous
(see graph line 134). When the ceramic structure is
broken, as by segmentation (see graph line 136), the
bi-material effect between the ceramic and the glass is
lessened and the glass will tend to return to its natural
state. However, the composite ceramic-metal structure is
still acting against the glass. When the bridging member
is also severed (see graph line 138), the tri-material o=r
bi-material effect is almost completely eliminated and :he
glass returns to a state closely approximating its natural



the longer rails. Segnent |ength can be about 3.2 inches
segnents. The segnents have been depicted heretofore as bgi
length. According to the invention, at |east selected one f 2t@?E§e@5?nt
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in Figure 12, which depicts a short rail 164 intended for a 14V tube by~
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Another embodiment of a segmented mask support

structure according to the invention is depicted in Figure

Q.

9, in which a cross-section view of a segment 142 is
indicated. Segment 142, which is one of a predetermined
plurality of discrete, spaced ceramic segments such as are
. shown in Figure 3, is depicted as being secured to a glass
faceplate 144 by deposits 146 of solder glass. Segment
142 is indicated as having a bridging member 148 affixed
thereto for receiving and securing a shadow mask 150.
Bridging member 148, indicated as comprising a flat strip,
bridges the segments of the support structure according-to :
the invention. _
_ Other configurations of the segments of a
segmented mask structure according to the invention are
depicted in cross-section Figures 10 and 11. In Figure
10, the bridging member 152 is shown as being in the form
of a “"crown" that overlaps the sides of the ceramic body
154 of the segment 156. In Figure 11, segment 158 is
shown as having a bridging member 160 in the form of a
crown mortised into the ceramic body 162 of the segment.
The configurations depicted by Figures 9-11 are disclosed
in U.S. Patent No. 4,737,681 of common ownership; it is
noted that the configurations in the ‘681 pafent comprise
continuous, rather than segmented, rails.

Shadow mask support structures having a body
comprised of a céramic, and with a metal component for the
attachment of a foil shadow mask, are further described in
referent U.S. Patent Nos. 4,737,681 and 4,745,330 of
common ownership herewith, and in referent copending
applications Serial Nos. 178,175 and 192,412, also of
common ownership. .

As noted, the amount of stress exerted on the
glass of the faceplate, and resultant deflection, can be



reférence to Table 11, the short rail of a 14V tube is described-by the

REELAGEMENG SHEET

Tabl e ‘as having five segnents conprised of four P-type segmg
G type segment, with the |atter segnent |ocated in the mdd

e rof—ttre—rar+-

In the configuration of short rail 164 indicated by Figure ]2 cfgﬁ&”gc?g

P-type segnents normally |located at the ends of the rail areg
havi ng been conbi ned according to the |fyent|on into two P-
166 and 170, with the single Gtype segnent 168 | ocated at

Qpnnpntq

he center of

the rail. Another exanple follows which indicates how segme

ILD may vcu_y 17

ength aceirtized Ten W (4 nid Qomsbeli Hovh ! B8V LABY cBEangebl ARd gt 0 f ever

nts n ysed |n er tubes requiring |onger rail
fgg$gble w&s'|3- fﬁ&ﬁ %g the gelder sgiagsnumsdr tor attach

ref erence

the segments to the glass. Also as noted, a segmented

support structure according to the invention may comprise

four discrete rails secured on opposed sides of the

screen--two longer rails on the long side of the

faceplate, and two shorter rails on the short side of the

faceplate. In the table that follows, the CTC of

the

. ceramic segments is the variable, and the effect on the

glass, whether stressed or unstressed by the attaéhment,

depends on the CTC of the ceramic used to form the

segménts. The lengths of segments are dependent upon the

screen size of the cathode ray tube, as shown by way of

example in Table I. (Dimensions are in inches.)

TABLE I. SEGMENT DIMENSIONS IN RELATION TO SCREEN SIZE

Screen Size 14V 20V 25V 30V
(diagonal ' '
measure)

Screen Area

Height-- 8.4 12 15 18
Width-- 11.2 16 20 24
Number of 5 7 8 10
Segments 6 9 i1 13
Lengths of 1.4 1.4 1.51 1.47
Segments 1.57 1.45 1.48 1.50

35V

21
28

11

15
1.57
1.52

For the 14V tube, for exémple, it will be seen

that there are five segments each having a length

of 1.4

inches along each.-of the sort rails, and six segments each
having a length of 1.57 inches along each of the long

rails.

Studies have shown that deflection of the
faceplate resulting from the attachment of a support

G



segnents of a "short rail" of the 35V screen (in a 35-in
.tube) as 15, conprising eight P-type and seven Gtype se
-rail, in which.the 15 segnents are conbined, is indicate
Ftgure -21- 13, shown as attached to faceplate 185 (n to scale).

ei ght P-type segnments have been conbined into four segmefts I86, 188, 190
and 192, and |located at or near the ends of rail 184. Th
segnents have been conbined into threelgegnents 194, 196 and 198 Iocated at
or near the mddle of rail 185. The unequal rail |engths according to the

inventionsﬂkﬁétgfenggeg'faceplate is greatest at the midpoint of
the long rails; that is, at test points 2 and 8 in Figure
8A. Deflection is somewhat less at the midpoint of the
short rails--test points's and 1l--with the least
deflection at the corners. Pre~stressing the glass

beneath the segments located at the ends of the rails--~the
area of the faceplate most likely to fail--increases the
ability ¢f the tube to withstand wide temperature
excursions at high temperature ratés, while minimizing
stress in mid-portions; the result is a strong tube
envelope with minimum faceplate deflection. '

This strengthening with minimum deflection is
accomplished by using segments having a ceramic
composition with a lower CTC at the corners, resulting in
a pre-stressing of the system. The composition of
segments in mid-portions is preferably such that the CTC
is close to-that of the glass of the faceplate. For |
example, if ceramic segments close to the CTC of the glass
(98-99 X 10-~7 in./in./degrees C.) are desired for the
midpoints of the support structure (designated "G-type",
with G- standing for "glass") in the following table, and
segments of low CTC (94-95 X 10-7 in./in./degrees C.
(designated "P-type", with P standing for "pre-stress"“),
the arrays of segments will be as indicated in Table II.
The G-type segments are noted as being located at or near
the center of the.rails, while the P-type segments are
located at or near the ends of the rails.

TABLE II. TYPE AND NUMBER OF SEGMENTS IN
RELATION TO SCREEN SIZE

Screen Size 14V 20V 25V 30V 35V
Number of

Segments:

Short rails-- 5 7 8 10 11

Long rails-- 6 9 11 - 13 15



The;nunber of the segnents, and their length and w dth,

t he di mensions of the faceplate of the tube in which the
The height of the segnents inthe rails is based on the
which varies with the size of the tube in which the segnen

and the pitch of the associated mask.
with a 14-inch diagonal neasure and 0.9 pitch is abo

while a tube with a 35-inch diagonal

For exanpl e,
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ts

are driedT§ggsp%E-apart on the bottomside by a saw at the | ocations 202

upon ener gi —
and 204 segments:
Short Rails-- 4P
1G
Long Rails-- 4P
2G

For example, with regard to the 14V tube, there

4P
3G

4P
5G

4P
4G

6P
5G

6P
4G

6P
7G

will be five segments in each of the short rails

6P
5G

8P
7G

comprising four pre-stressed P-type segments, with a

single G-type segment centered in each rail, for a total

of five segments. With regard to the long rails of the
14V tube, there will be four P-type segments, with two

G-type segments in the center, for a total of six segments.

With respect to the smaller faceplates which have’

fewer segments, such as the 14V and 20V, the CTC of the
ceramic of the segments can be adjusted so that there is a
smaller differential between the G- and P-type segments.

That is, rather than use a larger number of smaller

segments to provide a greater degree of adjustment,
segments having a CTC of 96-97 X 10-7 in./in./degree C.
can be used for the G-type, and fewer of them are then

needed.

It is noted that, rather than using solder

glasses CV685 or 7590 previously described, special solder

glass conpositions having lower CTC’s, such as Corning

Glass Works No. 7575 can be used to provide the desired

increased pre-stress in the corners.

Longer segments,

and fewer of them,

can be used

in the larger tubes because the faceplate is more

resistant to deflection because of the increased thickness

of the glass. For example, the faceplate of a 35V tube is

about 1.25 inch thick.

Only six segments will be needed
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the longer rails. Segment length can be about 3.2 inches
for all such segments.

The segments have been depicted heretofore as
being of equal length. According to the invention, at
least selected ones of the segments have different lengths
in a conformation effective to disperse stress in the
glass of the faceplate, including an end segment which is

~longer than a centrally located_segment. Segments having

different lengths are indicated in Figure 12, which
depicts a short rail 164 intended for a 14V tube, by way

- of example. Three segments 166, 168 and 170 are depicted

as being affixed to a faceplate 172, with the means of
attachment indicated by beads of solder glass 174, 176 and
178. The segments are shown as being bridged by a
bridging member 180, according to the invention. With
reference to Table II, the short rail of a 14V tube is
described by the Table as havihg five segments comprised
of four P-type segments and one G-type segment, with the
latter segment located in .the middle of the rail. 1In the
configuration of short rail 164 indicated by Figure 12,
the four‘P-type-segments normally located at the ends of
the rail are indicated as having been combined according
to the invention into two P-type segments 166 and 170,
with the single G-type segment 168 located at the center
of the rail.

Another example follows which indicates how
segments may vary in length according to the invention,
and how they may be combined into fewer sSegments when used
in larger tubes requiring longer rails. With reference to
Table II, it is noted that the table lists the number of
segments of a "short rail" of the 35V screen (in a 35-inch
diagonal measure tube) as 15, comprising eight P-type and
seven G-type segments. A "short" rail, in which the 15
segments are combined, is indicated by rail 184 in Figure
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The eight P-type segments have been combined into four
segments 186, 188, 190 and 192, and located at or near the
ends of rail 184. The seven G-type segments have been
combined into three segments 194, 196 and 198 located at
or near the middle of rail 185. The unequal rail lengths
according to the invention will be noted.

' The number of the segments, and their length and
_ width, is a function of the dimensions of the faceplate of
the tube in which they are to be used. ' The height of the
segments in the rails is based on the desired Q-height,
which varies with the size of the tube in which the
segment is to be used, and the pitch of the associated
mask. For example, the Q-height of tube with a 14-inch
diagonal measure and 0.3 mm pitch is about 9/32 of an’
inch, while a tube with a 35-inch diagonal measure and a
pitch of 0.3 mm requires a Q-height of about one inch.

| Rails can be made by extrusion, preferably in the
form indicated by Figure 14 in which a train of segments
200 is shown upon emerging from the extruder. Before
sintering, the extruded segments are dried and cut apart
on the bottom side by a saw at the locations 202 and 204
indicated. Fifty or more rails can be cut apart

simultaneously using a gang saw. The ends of each segment '

can be rounded before or after sintering by means of a
shaping tool. The sintered segments are then placed in a
holding fixture and the bridging member (indicated by Ref.
No. 87A in Figures 3 and 4) is then cemented to the
segments by means of a devitrifying frit or an enamel, as
heretofore described.

The segment can also be made by injection molding
in the form shown by the train of segments 206-212
depicted in Figure 15. Injection molding provides an
advantage in that the corners can be rounded in the
process. The segments are shown as being connected by



powder is conpressed into the desired segnent shape between a top and
bot t om punch while confined on the sides by a die. By pro -
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The ceramic segments can be made to a precision
size by dry pressing and sintering the powdered ceramic
composition. The ceramic formulation is thoroughly
blended (homogenized) by wet mixing the ingredients and
spray-drying them to a uniform, fine particle size.
Particle size is typically - 180 mesh + 325 mesh, or less
than 180 mesh (0.0031 inch) and greater than 325 mesh
(0.0017 inch).

In the dry pressing process, the powder is
compacted in a aie on an automatic mechanical press. The
powder is compressed into the desired segment shape
between a top and bottom punch while confined on the sides
by a die. By proper process control of particlé size and
bulk density of the power, the dimensions and unfired
density of the pressed segments can be accuraﬁely

'predicted. A uniform and predictable unfired density will
provide a uniform shrinkage upon sintering, and thus a
sintered segment of very accurate size in its final form.
The pressed segments are removed from the press, set on a
refractory plate of required flatness and sintered in a
desired temperature and time sequence to vitrify the
composition and ensure that there will be no porosity;
ceramic non-porosity is critical in vacuum tubes of the
cathode ray tube type to prevent entrapment and later -
. release of contaminants such as the slurries used in the
phosphor screening process. ’ '

A significant factor in the fabrication of a mask
support structure is the flatness/parallelism of the
segments and the cost of the segments. The use of several
shorter segments as opposed to a single segment on each
side of the screen allows greater control of deflection
parameters, resulting in improved flatness and
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segnents by dry pressing on an automatic nechani cal press iwith consequent

cost savi ”93 rafleflslgaStThl ongeunsegmagagg r.sglg'lmsenr?:asvealbseo r]allows for

fabrication of the segments by dry pressing on an

automatic mechanical press with consequent cost savings.

In the past, long unsegmented rails have been
made by the extrusion process, a process that presents
problems because of the higher moisture content which

causes dimensional inaccuracies due to shrinkage when the
rail is dried and fired. There is much less shrinkage in

_ the dry-pressing process because of the lower moisture
content, so the size and shape of the segments can be

controlled and predicted more exactly. For convenience of

handling in production, the sintered segments are first
secured to the associated bridging member prior to

attachment to the faceplate. The means of securement of

the bridging member may comprise a solder glass which
devitrifies at the previously cited temperature of 450
degrees C. Alternately, the means of securement may
comprise the porcelain enamel previously described.

Solder glass is preferred for securement of the

individual segments to the faceplate. The same solder

glass used to secure the metal to the ceramic can be used

since, once devitrified, the solder glass softens and
deforms at a considerably higher temperature than the
temperature at which it became devitrified. The

- coefficient of thermal contraction of the solder glass can

be altered to place the glass beneath at least selected
ones of the segments into a predetermined degree of
tension.

‘The top surface of each bridging member is
preferably ground before attachment to the faceplate to

provide a land for receiving the foil mask, and to ensure

precise Q-spacing. The segments are first attached to the

bridging member to form a rail assembly easy to handle in

grinding production. The segments of the rail assembly
are then secured to the inner surface of the faceplate.
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t he grinding is necessary to provide a flat for receiving and

securing the mask, and to provide the proper Q-height.

"In situ grinding® is grinding by a separate operation
after the rail assemblies comprising the support structure
are secured to the faceplate. The precision of attachment
.of the support structures is enhanced by the accurate
dispensing of the solder glass when in paste form onto the
bottom of the segments prior to their attachment to the
faceplate. Aalso, if porcelain enamel is used to secure
the bridging member to the segments of a rail assembly,
the thickness of the porcelain enamel can be held to
within + 0.0008 inch, and the solder glass for securing
the segments to the faceplate can be held to within +
0.001. 1In most tubes, a tolerance range of + 0.0033 inch
in the height of the bridging member provides for a
precisién that makes it unnecessary to grind the top
surface; only a cleaning of the surface may be all that is
required. ‘

Since the segments are accurately sized, and have
a slender, rectangular shape, they can be handled easily
by automatic equipment well-known in the production art.
The "saddle roof" configuration depicted in Figure 4 makes
it easy to orient the individual segments properly for
sintering as well. as for the dispensing of solder glass
and the mating with the bridging member which receives and.
secures the mask. A rail assembly can bé handled as a
unit for passing through the solder-glass dispensing
machine, and for automatic installation on the inner
surface of the faceplate.

The minimization of distortion in the faceplate
provided by the segmented mask support structure according
to the invention, makes feasible the application of the
flat tension mask technology to--
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(2) Interchangeable mask systems;

(3) Large-screen, high-definition television
systens;

(4) Projection systems.

The simplification of the production process and
automated handling of components, makes possible the’

_elimination of many complex and expensive production steps
presently used. Also, cost reductions are achieved
through reduced néed of expensive materials such as the
alloy used for the bridging members.

While a particular embodiment of the invention
has been shown and described, it will be readily apparent
to those skilled in the art that changes and modifications
may be made in the inventive means and process without
departing from the invention in its broader aspects.



are then secured to the inner surface of the facepl at e.
conponents of the rail assenbly are precision nmade, in no
no expensive in situ grinding is necessary to provide a f
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and securi-ng the mask, and to provide the proper Q heightl-f*In-situ
grinding” is grinding by a separate operation after the rfaifl ﬁibEﬁgbggf
conprising the support structure are sete®ed to the facepl dte. The

accurate dispensing of the solder glass when in paste fo
of the segments prior to their attachrngd®i¥® the —
1. A color cathode ray tube including a glass

faceplate having on its inner surface a centrally
disposed, rectangular screen, and on each of opposed sides
thereof a plurality of discrete mask support segments to
vhich are secured a tensed foil shadow mask.

2. The color cathode ray tube of Claim 1,
wherein at least selected ones of said segments have
different lengths. .

3. The color cathode ray tube of Claim 1,
wherein said segments each have rounded ends effective to
minimize stresses in said facepiate inner surface. '

4. A color cathode ray tube including a glass
faceplate having on its inner surface a centrally
disposéd, rectangular screen, and on each of opposed sides
thereof a plurality of mask support segments bridged by a
bridging member to which is secured a tensed foil shadow
mask.

5. The color cathode ray tube of Claim 4,
wherein the bridging member is metal.

6. The color cathode ray tube of Claim 4,
wherein mask support structure is disposed along each of
four sides of said screen for supporting the shadow mask,
said suppoft structure comprising along each of said sides
a predetermined plurality of discrete, spaced segments
bridged and held .by a metal bridging frame.

7. The color cathode ray tube of Claim 4,
wherein at least selected ones of said segnments vary in
length in a conformation effective to disperse stress in
said glass of said faéeplate.

8. The color cathode ray tube of Claim 4,
wherein said segments have ends configured to reduce
stress concentrations in said glass of said faceplate.

9. The color cathode ray tube of Claim 4,

wherein said bridging member has at least one thermal
expansion gap therein. e
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faceplate. Also, if porcelain enanel is used to secure the b

to thé segnents of a rail assenbly, the thickness of the p rfelaln =1
can be held to within + 0.0008 inch, and the sol der gl ass
segnents to the faceplate can be held towthin + 0.001.
tol erance range of + 0.0033 inch in the,eight of the bri
provides for a precision that makes it unnecessary to gri
surface; only a cleaning of the surface may:-be all that is requireth
the segments are acggrat m soisd catfiodread sduweéf ¢eLigngul ar shape,
t hey can be,_handl ed_e nent wel | -known 1 h, the
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segments being ceramic and having ends configured to

reduce stress concentrations in said glass of said
faceplate, and said bridging member having at least one
thermal expansion gap therein. '

11. A color cathode ray tube including a glass
faceplate having on its inner surface a centrally
disposed, rectangular screen having on each of opposed
sides thereof a plurality of discrete mask support
segments to which are secured a tensed foil shadow mask,
at least selected ones of said segments having different
coefficients of thermal contraction.

12. The cathode ray tube of Claim 11, wherein of
the plurality of mask support segments along one side of
the screen, the end segments have a coefficient of thermal
contraction 1eés than that of a segment or segments
intermediate said end segments.

13. The color cathode ray tube of Claim 11,
wherein said screen has on each of the opposed sides
thereof a rail formed of said plufality of discrete mask
support segments, at least the end segments of said rails
being composed of a material having a lower coefficient of
thermal contraction than said glass of said faceplate.

14. The color cathode ray tube of Claim 11,
wherein at least selected ones of said segments are
composed of a material having a lower coefficient of
thermal contraction than the coefficient of thermal
contraction of said glass of said faceplate.

15. The color cathode ray tube of Claim 11,
wherein said mask support segments are composed of a |
material having a lower coefficient of thermal contraction
than that of said faceplate, said segments being bridged
by a bridging member for receiving and securing the tensed

foil shadow mask. _ o
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sintering as well as for the dispensing of solder glass and the mating with

t he brldglng menber which receives and secures the mask.

A rail assenbly

can,be handled as a unit for passing through the sol der-gl ass dlspensing

nachine, and for automatic installation on the inner sur
faceplate. The m nim zation.of distortion in the facepla
segnent ed mask support structure according to the invent
the application of the flat tension mask technol ogy to--
Cat hode ray tubes of relatively |large size;
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16. The color éathode ray tube of

Claim 11,

wherein at least selected ones of said segments having
different lengths and different coefficients of thermal

contraction.
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e.g., 35 inches in diagonal neasure; (2) Interchangeablie—amask systens; (3)
Large-screen, high-definition television systens; (4)

The sinplification of the production process and aut omjt god—hare4-Hy
conmponents, mnakes possible the elimnation of nmany co P X ind expensiye
production steps presently used. Al so, cost reductions}afe ST &R 8397t h} o gh
reduced need of expensive materials sucipas the all oy bd_for the bri ng
menbers. Wiile a particul ar enbodi ment of the invention has been shown gnd

described, it will be readily apparent to those skille at
changes and nodifications may be made in the inventive nmeans and process
w t hout SEGMENTED SHADOW MASK SUPPORT STRUCTURE

AND PROCESS FOR FLAT TENSION MASK COLOR CATHODE RAY TUBES
ABSTRACT

A color cathode ray tube (20) is disclosed that includes a
glass faceplate (24) having on its inner surface (26) a centrally
disposed, rectangular screen (28). On each of opposed sides of
the screeen (28) is a plurality of discrete ceramic mask support
segments (48) to which is secured a tensed foil shadow mask (50).

A process for fabrication is also disclosed.

Figure 1



departing f-romthe invention in its broader aspects. 1.

ray tube including a glass faceplate having on its inner su
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central ly di sposed,. rectangul ar screen, and attached to the _
each of opposed sides of said screen a plurality of discretg ters ;
support segnents, having edges perpendicular to the screen andl parallel to_
each other, to which are secured a tensed foil shadow nmask. §{2*Ftre~TOrl or
cathode ray tube of Caim1, wherein at |east sl ected onesjof said i B
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wherein said segnents each have rounded ends effective to T
in said faceplate inner surface. 4. A color cathode ray t é&ﬂﬁhiﬁ$§ﬁw
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gl ass faceplate having on its inner surface a centrally di gpdsed,
rectangul ar screen, and attached to the face plate on each [off o@EPEER 1§97€

of said screen a plurality of mask support segnments bridge y a bridging

menber to which is secured a tensed foil shadow nask. 5. Tlfe col or cattoch

cathode ray tube of Caim4, wherein mask support structfgre i s disposed

al ong each of four sides of said screen for supporting ttie shadow nmask,
sai d support structure conprising along each of said sides a predeterm ned
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brtdged and held by a netal bridging frane. 7. The col or cathode ray tube
of Claim4, wherein at | east selected ones of said segnents vary in length
‘in a conformation effective to disperse stress in said glass of said
faceplate. 8. The col or cathode ray tube of Caim4, wherein said segnents
have ends configured to reduce stress concentrations in-said-glass—of—said
faceplate. 9. The color cathode ray tube of Claim4, wherein said bridging
menber has at | east one thernal expansion gap therein. 10. The color -
cat hode ray tube of O aim4, 3- o _ .
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wherein said mask support structure is secured to said inner surface by
dévitrifying sol der glass, said support segnents being ceram c and having
ends configured to reduce stress concentrations in said glass of said
facepl ate, and said bridgi ng nenber having at |east one ral_expansi on
gap therein. 11. A color cathode ray tube including a glfass Aé@“"’i‘-
havirig on its inner surface a centrally disposed, rectahgplars ’
attached to the face plate on each of opposed sides of S

foil shadow nmask, at |east sel ected ones ofdsai d segneft s

coeff!cients of tthermal contraction. 12. The cat hode &3 i 11,
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the'plurality of. mask support segnents al ong one side of the screen, the

ernd segnents have a coefficient of thernal contraction le ~t-hat-.of...a_
segment or segments internediate said end segnents. 13. CBMEEHTB ET
ray tube of Claim 11, wherein said screen is attached to th ace si

on each of 'the opposed sides of the screen a rail formed offs .85’%‘#5?9'”
of discrete mask support segnents, ‘at |east the end segneht i 9% |
bei ng conposed of a material having a | ower coefficient of therAel— . _!
contraction than said glass of said faceplat& 14. The coﬂ_or cat hode ray
tube of Claim1ll, wherein at |east selected ones of said segnents are—
conposed of a material having a | ower coefficient of thermal contraction
than the coefficient ofI t her mal 164

7 66 180 i76 168 i70 / 78
T

\Jlf [
4 ’,/

(

\
NP
//

/
e

186 ies 194 196 198 190 192 ’/

NS I N W N




contradtio | vissTef S fagepl ate. j15. RERLACBMENTCSHEGTR r &G t ub
of Cailm me%éggbn@sal d ﬁaskgscﬁ poft segnent 5 Bessripbomopaged 6. to papedrlal

havi ng |&1 Deswiptionagfated i.ent toogageternal cont r agtPdblaim(sREPL@EVENToShicked . Bhajn
t hat of] dﬂn(g)acepga@g@, Isaiothaye@@0t $ bei ng Br Dddmevityy(s): pugedgi.g pesbier..

f or rec d r'i;'ri'g ensefl_f gi L shabokbsmask.. Ifaged ThetoCsiged =
cat hodg {V@n@gg Ea'i"rﬁ E’l‘pa% eLeT ? gait sel ected ones of a?ﬂg@
segnent(dd Rastragh dlﬁaﬂ@? ent- 10chAgPH s -and] er ¢npaeeb RO OhSkPHgg?
contr acttom 1I.” A color cathode ray ubé including a glass

faceplate having on its inner surface a centrally

disposed, rectangular screen, and attached to the face
plate on each of opposed sides of said screen a plurality
of discrete ceramic mask support segments, having edges
perpendicular to the screen and parallel to each other, to
which are secured a tensed foil shadow mask.

2. The color cathode ray tube of Claim 1,
wherein at least selected ones of said segments have
different lengths.

3. The color cathode ray tube of Claim 1,
wherein said segments each have rounded ends effective to
minimize stresses in said faceplate inner surface.

4. A color cathode ray tube including a glass
faceplate having on its inner surface a centrally
disposed, rectanguiar screen, and attached to the face
plate on each of opposed sides of said screen a plurality
of mask support segments bridged by a bridging member to
which is secured a tensed foil shadow mask.

5. The col6r cathode ray tube of Claim 4,
wherein the bridging-member is metal.

6. The color cathode ray tube of Claim 4,
wherein mask support structure is disposed along each of
four sides of said screen for supporting the shadow mask,
said support structure comprising along each of said sides
a predetermined plurality of discrete, spaced segments
bridged and held by a metal bridging frame.

7. The color cathode ray tube of Claim 4,
wherein at least selected ones of said segments vary in
length in a conformation effective to disperse stress in
said glass of said Ffaceplate.

8. The color cathode ray tube of Claim 4,
wherein said segments have ends configured to reduce
stress concentrations in said glass of said faceplate.

9. The color cathode ray tube of Claim f—f
wherein said brldglng member has at least one thelf RER Cvakn‘gHEET
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expansion gap therein.
10. The color cathode ray tubé of Claim 4,

wherein said mask support structure is secured to said
inner surface by devitrifying solder glass, said support
segments being ceramic and having ends configured to
reduce stress concentrations in said glass of said
facepléte, and said bridging member having at least one
thermal expansion gap therein.

11. A color cathode ray tube including a glass
faceplate having on its inner surface a centrally
disposed, rectangular screen and attached to the face
plate on each of opposed sides of the screen a plurality
of discrete mask support segments to which are secured a
tensed foil shadow mask, at least selected ones of said
segments having different coefficients of thermal
contraction.

12. The cathode ray tube of Claim 11, wherein of
the plurality of mask support segments along one side of
the screen, the end segments have a coefficient of thermal
contraction less than that of a segment or segments
intermediate said end segments.

13. The color cathode ray tube of Claim 11,
wherein said screen is attached to the face plate has on
each of the opposed sides of the screen a rail formed of
said plurality of discrete mask support segments, at least
the end segments of said rails being composed of a _
material having a lower coefficient of thermal contraction
than said glass of said faceplate.

l14. The color cathode ray tube of Claim 11,
wherein at least selected ones of said segments are
composed of a material having a lower coefficient of
thermal contraction than the coefficient of thermal
contraction of said glass of said faceplate.

15. The color cathode ray tube of Claim 11,
wherein said mask support segments are composed of a
material having a lower ‘coefficient of thermal contraction
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_3_
than that of said faceplate, said segments being bridged

by a bridging membér for receiving and securing the tensed
foil shadow mask.

_ 16. The color cathode ray tube of Claim 11,'
wherein at least selected ones of said segments having
different lengths and different coefficients of thermal
contraction. '

s

' £
" o

0 3 SEP 1997

This Sheet Has Been Replaced

A



_REPLACEMENT SHEET

REPLACEMENT SHEETS SO
B Description : paged .7, to paged .= | ' Y

ooooo

- Claim(s)  : paged 26 to paged 28 - A*PLACEMENT SHEET
. Drawing(s) : paged .. to paged v F MENT SHEET
O Abstract  : paged ..Tto paged ...> 26 2 3 APR 1998

------------------- chKs

1. A color cathode ray tube including a glass
faceplaﬁe having on its inner surface a centrally _
disposed, rectangular screen, and attached to the face
plate on each of opposed sides of said screen a plurality
of discrete ceramic mask support segments, having edges
perpendicular to the screen and parallel to each other, to
which are secured a tensed foil shadow mask.

2. The color cathode ray tube of Claim 1,
wherein at least selected ones of said segments have
different lengths.

3. The color cathode ray tube of Claim 1,
wherein said segments each have rounded ends effective to
minimize stresses in said faceplate inner surface.

4. A color cathode ray tube including a glass
faceplate having on its inner surface a centrally
disposed, rectangular screen, and attached to the face
plate on each of opposed sides of said screen a plurality
of mask support segments bridged by a bridging member to
which is secured a tensed foil shadow mask.

5. The color cathode ray tube of Claim 4,
wherein the bridging member is metal. .

6. The color cathode ray tube of Claim 4,
wherein mask support structure is disposed along each of
four sides of said screen for supporting the shadow mask,
said support structure comprising along each of said sides
a predetermined plurality of discrete, spaced segments
bridged and held by a metal bridging frame.

7. The color cathode ray tube of Claim 4,
wherein at least selected ones of said segments vary in
length in a conformation éffective to disperse stress in
said glass of said faceplate.

8. The color cathode ray tube of Claim 4,
wherein said segments have ends confiqured to reduce
stress concentrations in said glass of said faceplate.

9. The color cathode ray tube of Claim 4,

wherein said bridging member has at least one thermal
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expansion gap therein.

10. The color cathode ray tube of Claim 4,
wherein said mask support structure is secgred to said
inner surface by devitrifying solder glass,.said support
segments being ceramic and having ends configured to
reduce stress concentrations in said glass of said
faceplate, and said bridging member having at least one
thermal expansion gap therein. .

11. A color cathode ray tube including a giass
faceplate having on its inner surface a centrally
disposed, rectangular screen and attached to the face
plate on each of opposed sides of the screen a plurality
of discrete mask support segments to which are secured a
tensed foil shadow mask, at least selected ones of said
segments having different coefficients of thermal '
‘contraction.

12. The cathode ray tube of Claim 11, wherein of
the plurality of mask suppott segments along one side of
the screen, the end segments have a coefficient of thermal
contraction less than that of a segment or segments |
intermediate said end segments.

13. The color cathode ray tube of Claim 11,
wherein said screen is attached to the face plate has on
each of the opposed sides of the screen a rail formed of
said plurality of discrete mask support segments, at least
the end segments of said rails being composed of a
material having a lower coefficient of thermal contraction
than said glass of said faceplate.

14. The color cathode ray tube of Claim 11,
wherein at least selected ones of said segments are
composed of a material having a lower coefficient of
thermal contraction than the coefficient of thermal
contraction of said glass of said faceplate.

' 15. The color cathode ray tube of Claim 11,
wherein said mask support segments are composed of a
material having a lower coefficient of thermal contraction
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than that of said faceplate, said segments being bridged
by a bridging member for receiving and securing the tensed
foil shadow mask.

16. The color cathode ray tube of Claim 11,

wherein at least selected ones of said segments having
different lengths and different coefficients of thermal

contraction.
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