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This invention relates to a col or cathode-ray tube (CRT) and, nore
particularly, to a color CRT having a uniaxial tension focus mask and to a
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mechani 5%' In order to increase the transmission of the color selection electrode
without increasing the size of the excited portions of the screen, post-
deflection focusing color selection structures are required. The focusing
characteristics of such structures permit larger aperture openings to be
utilized to obtain greater electron beam transmission than can be
30 obtained with the conventional shadow mask. One such structure is
described in Japanese Patent Publication No. SHO 39-24981, by Sony,
published on November. 6, 1964. In that patented structure, mutually
orthogonal lead wires are attached at their crossing points by insulators
to provide large window openings through which the electron beams pass.
35 One drawback of such a structure is that the cross wires offer little
shielding to the insulators so that the deflected electron beams will strike
and electrostatically charge the insulators. = The electrostatically charged
insulators will distort the paths of the electron beams passing through the
window openings, causing misregister of the beams with the phosphor
40 screen elements. Another drawback of the structure is that mechanical
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breakage of an insulator would permt an electrical

the crossed grid wires. Another color selection el ectrode focusing
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electrode. The two U .S. Patents described above eliminate the problem of

electrical short circuits between the spaced apart conductors that was a
drawback in the prior Japanese structure; however, the apertured
masking plates of the U.S. patents have each cross members of substantial
dimension that reduce the electron beam transmission. - Additionally, the
thickness of the masking plates is such that deflected electrons will still
impinge upon and electrostatically charge the ridges of insulating
material. Thus, a need exists for a focus mask structure that overcomes
the drawbacks of the prior structures. |
SUMMARY OQF THE INVENTION

The present invention relates to a color cathode-ray tube having an
evacuated envelope with an eclectron gun therein for generating at least
one electron beam. The envelope further includes a faceplate panel
having a luminescent screem with phosphor lines on an interior surface
thereof. A uniaxial tension focus mask, having a plurality of spaced-apart
first metal strands, is located adjacent to an effective picture area of the
screen. The spacing between the first metal strands defines a plurality of
slots substantially parallel to the phosphor lines of the screen.  Each of
the first metal strands, across the effective picture area of the screen, has

the
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35 thereof. A uniaxial tension focus nmask, having a plurality of
spaced-apart first netal strands, is |ocated adjacent to an effective

pi cture area of the screen. The spacing between the first netal strands
defines a plurality of slots substantially parallel to the phosphor |ines
of the screenwoe7dsseh of the first netal strands, across thecgiksgiisese

pi cture area of the screen, has WO 97/ 05642
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Fig. 6 (Sheet 2) is an enlarged view of a portion of the uniaxial
20 tension focus mask within the circle 6 of Fig. 5; and
Fig. 7 (Sheet 3) is an enlarged view of another portion of the
uniaxial tension focus mask within the circle 7 of Fig. 5.

F:g 1 shows a color CRT 10 having a glass envelope 11 comprising a

25 rectangular faceplate panel 12 and a tubular neck 14 connected by a
rectangular funnel 15. The funnel has an internal conductive coating (not
shown) that is in contact with, and extends from, a first anode button 16

to the neck 14. A second anode button 17, located opposite the first

anode button 16, is not contacted by the conductive coating. The panel 12

30 comprises a cylindrical viewing faceplate 18 and a peripheral flange or
sidewall 20 that is sealed to the funmel 15 by a glass frit 21. A three-

color luminescent phosphor screen 22 is carried by the inner surface of

. the faceplate 18. The screen 22 is a line screen, shown in detail in Fig. 5,
that includes a multiplicity of screen elements comprised of red-emitting,

» 35 green-emitting, and blue-emitting phosphor lines, R, G, and B,
respectively, arranged in triads, each triad including a phosphor line of

each of the three colors. Preferably, a light absorbing matrix 23 separates

the phosphor lines. A thin conductive layer 24, preferably of aluminum,
overlies the screen 22 and provides means for applying a uniform first



sidewall 20 that is sealed to the funnel 15 by a glass frit 21. A three-
col or |Ium nescent phosphor screen 22 is carried by the inner surface of the
faceplate 18. The screen 22 is a line screen, shown in detail in Fig. 5,
that includes a multiplicity of screen elenents conprised of red-emtting,
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which 1ies GPRPEsitions by weight, of about 0.005 % carbon, 0.01 % silicon, 0.12 %
phosphorus, 0.43 % manganese, and 0.007 % sulfur. Preferably, the ASTM
grain size of the mask material is within the range of 9 to 10.
The mask 25 includes an apertured portion that is adjacent to and
25 overlies an effective picture area.of the screen 22 which lies within the
central dashed lines of Fig. 2 that define the perimeter of the mask 25.
As shown in Fig. 4, the uniaxial tension focus mask 25 includes a plurality
of elongated first metal strands 40, each having a transverse dimension,
or width, of about 0.3 mm (12 mils) separated by substantially equally
30 spaced slots 42, each having a width of about 0.55 mm (21.5 mils) that
parallel the minor axis, Y, of the CRT and the phosphor lines of the screen
22. In a color CRT having a diagonal dimension of 68 cm (27V), there are
about 600 of the first metal strands 40. Each of the slots 42 extends from
the long side 32 of the mask to the other long side 34, not shown in Fig. 4.
35 A frame 44, for the mask 25, is shown in Figs. 1 - 3 and includes four
major members, two torsion tubes or curved members 46 and 48 and two
tension arms or straight members 50 and 52. .The two curved members,
46 and 48, parallel the major axis, X, and each other. As shown in Fig. 3,
each of the straight members 50 and 52 includes two overlapped partial




central dashed lines of Fig. 2 that define the perinmeter of the mask 25. As
shown in Fig. 4, the uniaxial tension focus mask 25 includes a plurality of
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available from Carpenter Technology, Reading, PA. The vertlcal spacing,
or pitch, between adjacent second strands 60 is about 0.41 mm (16 mils).
Unlike the cross members described in the prior art that have a
substantial dimension that significantly reduces the electron beam
25 transmission of the masking plate, the relatively thin second metal
strands 60 provide the essential focusing function to the present uniaxial
focus tension mask 25 without adversely affecting the electron beam
transmission thereof. The uniaxial tension focus mask 25, described
herein, provides a mask transmission, at the center of the screen, of about
30 60 %, and requires that the second anode, or focusing, voltage, AV, applied
to second strands 60, differs from the first anode voltage applied to the
first metal strands 40 by less than about 1 kV, for a first anode voltage of
about 30 kV.
The insulators 62, shown in Figs. 4 and 5, are disposed substantially
.35 continuously on the screen-facing side of each of the first metal strands
40. The second metal strands 60 are bonded to the insulators 62 to
electrically isolate the second metal strands .60 from the first metal
strands 40.




“"avai |l abl e from Carpenter Technol ogy, Reading, PA. The vertical spacing, or
pitch, between adjacent second strands 60 is about 0.41 mm (16 mls).
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designated the first metal end strands 140, before the first coating is

heated to the sealing temperature. The first metal end strands 140,

which are outside of the effective picture area, subsequently will be used

as busbars to address the second metal strands 60. To further ensure the

25 electrical integrity of the uniaxial tension focus mask 25, at least one

additional first metal strand 40 is removed between the first metal end

strands 140 and the first metal strands 40 that overlie the effective

picture area of the screen, to minimize the possiblity of a short circuit.

Thus, the right and left first metal end strands 140, outside the effective

30 picture area, are spaced from the first metal strands 40 that overlie the

picture area by a distance of at least 1.4 mm (55 mils), which is greater

than the width of the equally spaced slots 42 that separate the first metal
strands 40 across the picture area.

The frame 44 with the first metal strands 40 and the end strands

35 140 attached thereto (hereinafter referred to as the assembly) is placed

into an oven and heated in air. The assembly is heated over a period of

30 minutes to a temperature of 300 ©C and held-at 300 °C for 20 minutes.

Then, over a period of 20 minutes, the temperature of the oven is

increased to 460 OC and held at that temperature for one hour to melt



“that extends beyond the edge of the strands 40 and woul d be contacted by

either the deflected or undefl ected el ectron beans 28. The first coating
is entirely renoved, by nodest nechanical action, from the initial 20 and:
ultimate, i.e., the right and left first netal strands, hereinafter

desi gnat ed t lhwobywssiz metal end strands 140, before the firspcpRRédrishs S
heated to the sealing tenperature. The first netal end strands 140, which
are outside of the effective picture aiea, subsequently will be used as
busbars t oandiderystalline thecdfirst wontingsto fotim @0 firSP ihstlhiop 1@@5%@ bhewd
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(i.e., vi tmg that eould be struck by the electron beams 28.

As shown in Figs. 4, 5 and 7, a thick coating of a devitrifying solder
glass containing silver, to render it conductive, is provided on the screen-
facing side of the left and right first metal end strands 140. A conductive

25 lead 65, formed from a short length of nickel wire, is embedded into the
conductive solder glass on one of the first metal end strands. Then, the
assembly, having the dried and contoured second coating overlying the
first insulator layer 64, has the second metal strands 60 applied thereto
so that the second metal strands overlie the second coating of insulative

30 material and are substantially perpendicular to the first metal strands 40.
The second metal strands 60 are applied using a winding fixture, not
shown, that accurately maintains the desired spacing of about 0.41 mm
between the adjacent second metal strands. The second metal strands 60
also contact the conductive solder glass on the first metal end strands

+35 140. Alternatively, the conductive solder glass can be applied at the
junction between the second metal strands 60 and the first metal end
strands 140 during, or after, the winding operation. Next, the assembly,
including the winding fixture, is heated for 7 hours to a temperature of
460 °C to melt the second coating of insulative material, as well as the



" glass having a conposition of 80 wt.% PbO 5w % 2Zn0O, 14 w. %
Blerr]Jerr], 0.75 wt.% Sn(Jerr], and, optionally, 0.25 w.% CoO A
vitreous material is preferred for the second coating because when it
melts, it will fill any 15 voids in the surface of the first insulator
| ayer 64 wit hgoleraghyer sely affecting the electrical and nechEfP8%11598
characteristics of the first layer. Alternatively, a devitrifying sol der

gl ass may be used to formthe second codt i ng. The second coating is applied
to a thi ckneerdustivebsaldep. glass.t tpcbcmsl ithe (second mépal| strandsh S5G ewishin doth i ng
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strands. Th@ ’Eﬁtnmf\ﬁé‘ GF%B#S
gl ass on t ht40iamt formabushars shalapdeSa Sewnd ammr veltage|tp, be happlied to
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met al st an e f| ter,. the
wi ndi nd “"t‘!rh n&#rb“y copggqt |tﬁg'1!°né°%? |aﬂgd? |l9<‘!tﬁﬂ’b 1% ¢
heat ed for 7 hours to a terrperature of 460 [err]Cto nelt the second
coating of insulative material, as well as the WO 97/ 05642

PCT/ US96/ 11598 8 conducti ve sol der glass, to bond the second netal strands
60 within both a second insulator |layer 66 and a gl ass conductor |ayer 68.
The second insul ator |ayer 66 has a thickness, after sealing, of about
0.013 to 0.025 M (0.5 to 1 ml). The height of the glass conductor |ayer
68 is not 5 critical, but should be sufficiently thick to firmy anchor
t he second netal strands 60 and the conductive |lead 65 therein. The
portions of the



second ext endi ng beyond the gl ass conductor |ayer 68 are
trlmredmum HH“’F@}’E nbly fromthe wnding fixture. The first netal end
strands 140c arie se at the ends adjacent to 10 |ong side or top

portion 32, shown in Fig. 4, and |l ong side or bottom portion 34 (not shown)

of the mask Ao vposesovi de gaps of about 0.4 nm (15 m | s) theeppsisngss t hat
electrically isolate the first netal end strands 140 and form busbars that

permt a second anode voltage to be apfied to the second netal strands 60
when the conductive | ead 65, enbedded €LAIMS the glass conductor |ayer 68,
I's connected to the second anode button 17. WO 97/ 05642

PCT/ US96/ 11598 CLAI MI’L Ior cat hode-ray tube (10) conprising an
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at |east- ofdlp havingctthereineam elé@yron aghncqRERt forpagidlerdting
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secondl nsparaliel tomysaid (FHosphoreines ) ¢acki of GhicS irk Shbtat Yirahd¥ ool dait o
icu

| it | 60 bstanti al
Po'said 1 fo*ﬁzé"?”?“ﬁ@@ %’?‘P;n@gfné b, SR b nlae
sai d seconia)fqﬁ 4k AN | % screenfacing cﬂﬂgrﬂmmf)de sesondulinsulaty taoyarr (66)1g
an evacuat everdyimg Opﬂd Mfirsthdusilatom tager, dhd! £C Ilﬁ'&h@g”op@%iﬁd metal
Y

P neggent "SoE, {605, otk sHEfeheft obtpriZiculat Coonau, Fieke metrlor

and a ﬁgl agiran %eﬁ%’qdoﬁeﬁmiusmm kstragds |h¢npg dhaondedy byo said decond: cinsuldosr ei n
said tensi boydrocus nmask has two long sides (32,34) with a plurality of
transversely spaced-apart first netal strands (40) extending

t herebetween, the space between 25 adjacent first netal strands defining

substantial |y edualA ycolopzeathode-ray stubﬁZ()lODacm’npnbmg) anaevaquaced enveldpees
of bsal d ScC(EBN.havihg Elliﬁ"tﬁuis' ﬁ?sel%g%ﬁ' %uﬁas(%f’ef(ﬁg geerdtitl {fhrle electron
subst appi aplymt CEANY! fake la%ms anel )(19 haVQng a luminescent screen (22) with
phosphor lines on an interior surface thereof, and a uniaxial temsion focus
mask (25) in proximity to said screen, wherein said tension focus mask
has two long sides (32,34) with a plurality of transversely spaced-apart
first metal strands (40) extending therebetween, the space between
25 adjacent first metal strands defining substantially equally spaced slots
(42) parallel to said phosphor lines of said screen, said long sides of said
mask being secured to a substantially rectangular frame (44) having two
long sides and two short sides, each of said first metal strands across an
effective picture area of said screen having a substantially continuous
30 first insulator layer (64) on a screen-facing side thereof, a second
insulator layer (66) overlying said first insulator layer, and a plurality of
second metal strands (60) oriented substantially perpendicular to said
. first metal strands, said second metal strands being bonded by said
second insulator layer.
.35 ,
3. The tube (10) as described in claim 2, wherein said first
insulator layer (64) is a devitrifying solder glass.
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Iong Si sides, each of said first netal strands across an
effect i ﬂmwmﬂ“ﬂjﬂmﬂmf said screen having a substantially continuous 30
first insul@ator Imayer ¢64) on a screen-facing side thereof, a second
i nsul ator layer (66) overlying said first insulator layer, and a plurality
of second net woeymse@ads (60) oriented substantially perpendiroritusesissai d
first nmetal strands, said second netal strands being bonded by said
second insul ator |ayer. 35 3. The tub'e0(10) as described in claim 2,
wherein said férstThensuhent(d0) jagydescribed i’ claime\3,t whfewmgsadl devltﬂf Eﬁ

#}) 97/ 856?isolder glass is contoured to bg shielded by sa(ljd irst e
e tube S wher ei n “sai evitri |ng so
Fbal F 05l et 2&@}

gl ass is contour pe shi said first metal strands (40) from
said el ectron beans (28) 5 . The tube (10) as described in claim

4, wherdin said $.ecolbe | tisbel 4!0)“ dsamscﬁﬁ@ﬁ iﬁ ﬂaﬁﬁ' 4T whbfSih: shid J(}% the
10 d ld { p
(10, 2, o S 1Py FheY. R oy BEIIBL WG 1 o <m0 20°el st ron boarts (28],

7.. The tube (10) as described in claim5, wherein said solder glass is

vitreous. 6. The mﬂge(m)bgs (J&Enﬁé%%saﬂx eq 'wh#ﬁfiﬁagq sl\gg(irglg asgai d

sol der glass I s devitrify ng a

tensi on mas® yisfl toc ?hle!ﬂeﬁo@ rsd ¢ figed (n?&?)i herands 440k fom osaidun
(26) with ¢Jeatsont bsams (%)d directs three el ectron beans (28) through
openings (42) in said uniaxial focus tension mask to a | um nescent screen
(22), wherein t {l_ggsp&e ladd nmet hod, i ncl ude: securing a uniaxial tension
mask (25) to a sUbstBft |§ )o 8% afis‘gﬁnhﬁ d rin, glaime 3y wiherein saih soldey glases
and two shoist vifreless. sai d uni axi al tension mask having two |ong
sides (32, 34) W|th a pI urallty of transversely spaced-apart first

met al Srands )."H {j g¥e t he _space between adj acent
first $trands d § a%l g in ¢laim Porghaseine saist solder glask
bei ng attadBedevmlfymg ong Si des of said frarre said frame applying tension
to said first netal strands of said

9. A method of making a uniaxial focus tension mask (25) for a
color cathode ray tube (10) having an electron gun (26) which generates
20 and directs three electron beams (28) through openings (42) in said
uniaxial focus tension mask to a luminescent screen (22), wherein the
steps of said method include:
securing a uniaxial tension mask (25) to a substantially rectangular
frame (44) having two long sides and two short sides, said uniaxial
25 tension mask having two long sides (32,34) with a plurality of
transversely spaced-apart first metal strands (40) extending
therebetween, the space between adjacent first strands defining parallel
slots (42), said long sides of said mask being attached to the long sides of
said frame, said frame applying tension to said first metal strands of said
30 mask,
forming an insulator (62) on a major surface of said first metal
- strands facing said screen, across an effective picture area thereof, said
insulator being substantially continuous on each of said first metal
strands, and
35 providing a plurality of second metal cross-strands (60) secured to
said insulator formed on each of said first metal strands to form said
uniaxial tension focus mask..
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" 30 rras““ﬂmlmuu“imum | ator (62) on a major surface of said first net al
strands St n, across an effective picture area thereof, said

i nsul at or* béi n§ slibstantially continuous on each of said first netal

strands, and 35 providing a plurality of second netal cross-strands
(60) securedwmoermbe | nsul ator fornmed on each of said firstPGRASN/IEPE ands
to formsaid uniaxial tension focus ma](sjt WO 97/ 05642

PCT/ US96/ 11598 11 10. The net hod as scribed in claim 9, wherein the

step of formng said insulator (62) includes the substeps of: providing a
fi st coating Ol(()).a sThealphethods ak adescribea cin' laimt 9, ea-ﬁfbréin_ éﬁé\i Step! IoTt
metal stra . . ef fectj Vv [ argea of said screen,
contouri ng?(gli]flééf %ngéﬁgﬁwggi%f) _{ﬂ;%'ufeslt ?Q/eg sﬁé%%ﬁfaéﬁto renove any of said
i nsul ati ve nat epravidingom Sirse £oating afi @ 1switablg insulstive nmaterial optm daghsai d
el ect:r of beaids fird8) meitdl Rtemast (40)r feross t Sideeffectivg pikture area BEakaido
said first _coating of said insulative material to form a substantially

cont i nuous SPYFh | nsul ator_ | %er (64). 11. The nethod as described in
claim 10, whereontouniagssaid Srstacoating f insulative smateriakritos r¢meoye i any wfes

the subst eggidofinsulative material PRbM F Sachc GGAAdC itlti Wouli be iiﬂp‘iﬁéﬂcﬁ upon.
I nsul ati ve mat er,i a ver .sai d {%Shﬁl nsul aE or la erggeg%l , coptouring said
’ v

second coap?'nﬁmg'f eteﬁ(z'ffni Il?mt t BfSVER tc(;'af 0% 45i d second
coati nf0of sai dheating asaide fixst ecoating haf said dnselativei rmateriadoto bformi @

el ectron bgghdtaheifily ton@hENAifirshdnsalator N8y&0i(64¥0 and heating said
second coating of said insulative material, after said cross-strands are

positioned, to forma second insulator |ayer (66) that bonds said
cross-strands i hlpl aThe method as described in claim 10, wherein the step of

attaching ‘said cross-strands (60) includes the substeps of:
15 applying a second coating of a suitable insulative material over said
first insulator layer (64); '
contouring said second coating of said insulative material to remove
any of said second coating of said insulative material that would be
impinged upon by said electron beams (28), to prevent charging thereof,
20 and

heating said second coating of said insulative material, after said
cross-strands are positioned, to form a second insulator layer (66) that
bonds said cross-strands in place.
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