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CRT COVPRI SI NG A UNI AXI AL TENSI ON FOCUS MASK This invention relates to a
col or cathode-ray tube (CRT) and, nore 5 particularly, to a color CRT
havi ng a uni axi al tension focus mask having an efficient structure for
maki ng el ectri o ssp&saecti ons thereto. BACKGROUND OF THE | NVEREr/OSveli599

A conventional shadow mask type color CRT generally conprises an evacuated
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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

30 utilized to obtain greater electron beam transmission than can be-
obtained with the conventional shadow mask. One such structure is
described in Japanese Patent Publication No. SHO 39-24981, by Sony,
published on Nov. 6, 1964. In that structure, mutnally orthogonal lead
wires are attached at their crossing points by insulators to provide large

35 window openings through which the electron beams pass. One drawback
of such a structure is that individual electrical connections, presumably,
must be made to each of the lead wires to apply suitable potentials
thereto. Another color selection electrode focusing structure that partially
overcomes this drawback is described in U.S. Pat. No. 4,443,499, issued on

40 April 17, 1984 to Lipp. The structure described in U.S. Pat. No. 4,443,499
utilizes a masking plate with a plurality of rectangular apertures
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therethrough as the first electrode. Metal ridges separate the colums of
apertures. The tops of the netal ridges are provided with a suitable
insulating coating. A netallized coating overlies the insulating coating to
forma second elpasé7ioaghs t hat provides the required el ectron beOrs611599
focusi ng when suitable potentials are applied to the nasking plate and to
the netallized coating. Alternatively, as2described in U S. Pat. No.
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The present invention relates to a color cathode-ray tube having an

evacuated envelope with an electron gun therein for generating at least

25 one electron beam. The envelope further includes a faceplate panel
having a luminescent screen with phosphor lines on an interior surface
thereof. A uniaxial tension focus mask, having a plurality of spaced-apart
first metal strands, is located adjaceht to an effective picture area of the
screen. The spacing between the first metal strands defines a plurality of

30 slots substantially parallel to the phosphor lines of the screen. A plurality
of second metal strands . are oriented. substantially perpendicular to the
first metal strands and are insulated therefrom across the effective
picture area. The second metal strands-are attached by a glass conductor
layer to respective right and left first metal end strands, outside the

35 effective picture area, to form busbars.

BRIEE DESCRIPTION OF THE DRAWINGS

The invention will now be described in gieater detail, with relation
40 to the accompanying drawings, in which:



The invention will now be described in greater detail, with relation 40 to
t He acconpanyi ng drawi ngs, in which: WO 97/ 05643

PCT/ US96/ 11599 3 Fig. 1 (Sheet 1) is a plan view, partly in axial section,
of a color CRT enbodying the invention; Fig. 2 (Sheet 2) is a plan view of
a uni axi al tengjgpeyese@us mask- frame assenbly used in the CRTpefusssmisod; S
Fig. 3 (Sheet 2) is a front view of the mask-frane assenbly taken al ong
line 3 - 3 of Fig. 2; Fig. 4 (Sheet 3) i8 an enlarged section of the

~uni axi al tension Frg;uls (Srheﬂ Is)hlsv\m plan hiiew; parthy irlaxial settibngof 2; cdlog .CRT
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rectangul ar funneFigl54 (Sheetf Bpriglath@nlaxged rseetiom| ofctheduniaxial teasionn godusot

shown) t hat n yom a first anode button 16
to the neck kA!"ﬁs‘dé’g&E)nditﬂuw%{g %ﬁ@[@onx‘igwéo%at ed OEpOSI te the first anode
button 16, |s not Fignd {Sheet B}, is 1 section, of i the eniaxia densipn fogne mask and

conprises0a he llmmesabmvsmmgakm@?@emks sndsaob Fig.pagral flange or 25

sidewal I 20 that ee-

col or | um nescent %} S(Egge épre?nzg %d;?qwa‘%bg gacﬁ-go{i # Pgeld’ﬂw of the
facepl ate 1gtensipn feeusmask within thecircle & gnd detail in Fig. 5,
that includes a rrFi . pl i(Shést B is ameenl etmmvs dfoamhsﬁ Popfion o @i¥ tti ng,
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each of Preferab | bing matrix 23 separates
the phosphor i nesl ' YQN-I-Q{}V gk REFERRED, EMBOL aMENT um
overlies the screen 22 and provi des means for appl ying a uniformfirst
anode potential tFig.ht showmsem caborv@RT 49 havinged |glassi enveloptl]l ecomprisihgf aom

rectangular faceplate panel 12 and a tubular neck 14 connected by a

20 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
comprises a cylindrical viewing faceplate 18 and a peripheral flange or

25 sidewall 20 that is sealed to the funnel 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,
green-emitting, and blue-emitting phosphor lines, R, G, and B,

30 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
anode potential to the screen as well as for reflecting light, emitted from

35 the phosphor elements, through the faceplate 18. A cylindrical multi-

: apertured color selection electrode, or uniaxial temsion focus mask, 25 is
removably mounted, by conventional means, within the panel 12, in
predetermined spaced relation to the screen 22. - An electron gun 26,
shown schematically by the dashed lines in Fig. 1, is centrally mounted




35 the phosphor elenents, through the faceplate 18. A cylindrical nulti-
apertured color selection electrode, or uniaxial tension focus nmask, 25 is
renovabl y nounted, by conventional neans, within the panel 12, in

predet erm ned spaced relation to the screen 22. An el ectron gun 26, shown
schematical | y byoledsgdgshed lines in Fig. 1, is centrally noupCeasssi115
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i ncl udes fourAs shown in Fig. 4, the uniaxial tension focus mask 25 inc udes 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
spaced slots 42, each having a width of about 0.55 mm (21.5 mils) that
25 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.
A frame 44, for the mask 25, is shown in Figs. 1 - 3 and includes four
30 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
members or parts 54 and 56, each part having an L-shaped cross-section.
35 The overlapped parts 54 and 56 are welded together where they are
overlapped. An end of each of the parts 54 and 56 is attached to an end
of one of the curved members 46 and 48. The .curvature of the curved
members 46 and 48 matches the cylindrical curvature of the uniaxial
tension focus mask 25. The long sides 32, 34 of the uniaxial tension focus



30 mjor nenbers, two torsion tubes or curved nenbers 46 and 48 and two
tension arms or straight nenbers 50 and 52. The two curved nenbers, 46 and
48, parallel the major axis, X, and each other. As shown in Fig. 3, each of
the straight nmenbers 50 and 52 includes two overl apped partial nenbers or
parts 54 and 56wo9fgdgspart having an L-shaped cross-section. BET/USYA1599
over |l apped parts 54 and 56 are wel ded together where they are overl apped.
An end of each of the parts 54 and 56 is &ttached to an end of one of the
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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
60 %, and requires that the second anode, or focusing, voltage, AV, applied
25 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
continuously on the screen-facing side of each of the first metal strands
30 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.
. The method of making the uniaxial tension focus mask 25 includes
providing, e.g., by spraying, a first coating of an insulative, devitrifying
» 35 solder glass onto the screen-facing side of the first metal strands 40. A
suitable solvent and an acrylic binder are mixed with the devitrifying
solder glass to give the first coating a modest degree of mechanical
strength. The first coating has a thickness of about 0.14 mm. The frame
44, to which the first metal strands 40 are attached, is placed into an



25 to second strands 60, differs fromthe first anode voltage applied to
the first netal strands 40 by | ess than about 1 kV, for a first anode

vol tage of about 30 kV. The insulators 62, shown in Figs. 4 and 5, are

di sposed substantially continuously on the screen-facing side of each of
the first netal ?.,r, 30 40. The second netal strands 60 arer/isssdesyot o
the insul ators %’ o electrically isolate the second netal strands 60 from
the first netal strands 40. The net hod of@ maki ng the.uni axi al tensi on focus

mask 25 i ncl u v | b
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strands 140, ukibuisbarse touaddress thie tsmoﬁ fraetal strands: 60.c Toefurtherhensprenthey
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25 by nini m zﬁﬁg ppﬁg fcqgnéﬁ\‘/uoa&t leapt. ope %ﬁopggﬁspﬁéﬂgﬁgﬁﬁ nal
first met2 s#Paisd removed between the first metal end strands 140 and the first
metal strands 40 that overlie the effective picture area of the screen.
Thus, the right and left first metal end strands 140, outside the effective
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
25 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
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 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 ©C and held at ‘that temperature for one hour to melt
and crystallize the first coating to form a first insulator layer 64 on the
first metal strands 40, as shown in Fig. 6. The resultant first insulator
35 layer 64, after firing, has a thickness within the range of 0.5 to 0.9 mm
(2 to 3.5 mils) across each of the strands 40. The preferred solder glass
for the first coating is a ;ead-zinc-borosilicate solder glass that melits in
the range of 400 to 450 ©C and is commercially available, as SCC-11, from




20 40 is renoved between the first nmetal end strands 140 and the first
netal strands 40 that overlie the effective picture area of the screen.
Thus, the right and left first nmetal end strands 140, outside the effective
picture area, are spaced fromthe first metal strands 40 that overlie the
picture area byygofisgisance of at least 1.4 mm (55 m|s), whichci/Gsogtifsss er
25 than the width of the equally spaced slots 42 that separate the first
metal strands 40 across the picture area.7 The frame 44 with the first netal
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descri bed, tg ‘P& efa % aﬂCfOPWgF{ BiEpy 1 %%‘&%ﬁ %&‘Otm
el ect ron2lﬂearmnaﬁctive 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
material and are substantially perpendicular to the first metal strands 40.
25 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
140. Alternatively, the conductive solder glass can be applied at the
30 - 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 OC to melt the second coating of insulative material, as well as the
conductive solder glass, to bond the second metal strands 60 within both
*35 a second insulator layer 66 and to a glass conductor layer 68. The second
insulator layer 66 has a thickness, after sealing, of about 0.013 to 0.025
mm (0.5 to 1 mil). The height of the glass conductor layer 68 is not
critical, but should be sufficiently thick to firmly anchor the second metal
strands 60 and the conductive lead 65 therein. The portions of the




As shown in Figs. 4, 5 and 7, a thick coating of a devitrifying sol der
gl'ass "‘containing silver, to render it conductive, is provided on the
screen- facing side of the left and right first nmetal end strands 140. A
conductive lead 65, forned froma short Iength of nickel wire, is enbedded
into the 20 CW i sol der gl ass on one of the first netalpceudogfis®nds.
Then, the assenbly, having the dried and contoured second coating overlying
the first insulator |layer 64, has the seg@nd netal strands 60 applied
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t he conduct i whesgladercoyidastor layebd8] isheommrted! toethe! sexondnasode) buittoni 37,
both 3 5 a second insulator |layer 66 and to a glass conductor |ayer 68. The
second insul ator |ayer 66 has a thickness, after sealing, of about 0.013 to
0.025 mMm (0.5 to 1 ml). The height of the glass conductor |ayer 68 is not
critical, but should be sufficiently thick to firmy anchor the second
metal strands 60 and the conductive |ead 65 therein. The portions of the
WO 97/ 05643 PCT/ US96/ 11599 8 second
netal strands 60 extendi ng beyond the gl ass conductor |ayer 68 are tri mred
to free the assenbly fromthe winding fixture. The first nmetal end strands
140 are severed at the ends adjacent to long side or top portion 32, shown
in Fig. 4, and long side or bottom5 portion 34 (not shown) of the mask 25
to provide a gaps of about 0.4 mm (15 mls) therebetween that electrically
isolate the first netal end strands 140 and form busbars that permt a
second anode voltage to be applied to the second nmetal strands 60 when the.
conductive | ead 65, enbedded in the glass conductor |ayer 68, is connected
to the second anode button 17. :
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CLAIM5S 1. A color cat hOde-rayimlI!kuM"luWLSi ng an evacuat ed envel ope
(11) having therein an electr L rgenerating at |east one 5

el ectron beam (28), a faceplate panel (12) having a | um nescent screen

(22) with phosrh@brdsksaes on an interior surface thereof, and gcpideeNissd
tensi on focus nmask (25), wherein said uniaxial tension focus mask (25) has

a plurdlity of spaced-apart first netal 8trands (40). which are adjacent to
an effective picture area of 10 said s€lAIMS$22) and define a plurality of
slots (42) substantially parallel to said phosphor lines, and a plurality
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i ght dleft t t al d”st . 4. . The t 10 d i
0 S 5 ahoibauiated (REFCRRM AYEOTS. ARG STIENYE plstale SHER, <#AdnBReand, gyetal
?ZB )si de sai dstrahds theimg attached by em glass spaductof riayer f('68)?ttormé@Ecﬁv‘lé gt

acrpgs sa | i I .5La er. e
Spari ng. 7 < Al ekt fiSt nibral oldsfrali€ TULH) DulitiRb0F Rafd Riclive"pibridd
area, to form busbars.

2. The tube (10) as described in claim 1, further including a
conductive lead (65) embedded in said glass conductor layer (68) of one
20 of said first metal end strands (140) outside said effective picture area.

3. The tube (10) as described in claim 2, wherein said first metal
strands (40) are formed from a thin metal sheet having imperforate top
and bottom portions (32,34) attached to a support frame (44), said right

25 and left first metal end strands (140) each having top and bottom ends
separated from said top and bottom portions of said metal sheet by gaps
to electrically isolate said right and left first metal end strands.

4, The tube (10) as described in claim 3, wherein said right and left
30 first metal end strands (140) outside said effective picture area are
spaced from first metal strands (40) across said effective picture area by
- a distance greater than the spacing of said slots (42) across said effective
picture area.



