;[\ e3eB?L. z\ 6T- 49D 02/ 052603 PCT/ US01/ 48790 CRT HAVI NG A FOCUS MASK W TH .
PARTI ALLY CONDUCTI VE | NSULATOR This invention relates to a col or @

cat hode- rwy (erabmof CRT) and, nore particularly, to a col or pcRluSigNEMg a
focus mask. BACKGROUND OF THE | NVENTI ON A col or cat hode-ray tube (CRT)
typically includes an electron gun, an 'aperture mask, and a screen. The
aperture mask is interposed between the el ectron gun and the screen. The

screen is located on an inner surface off a facepl at GJWW ube. The
screen has an array of three different color emttin mmgllﬂﬂle g.,
green, blue, red) forned thereon. The aperture mask functjsggs to direct
el ectron beans 15 generated in the electron gun toward appropriate col or

"2 ocus nehY PERYING . FORATE MASICWITRCE RRTIRIEY cONDPETINIRSTIONTOR

| east two netallic el ectrodes separated by a suitable electrically
sinsulating material and arranged in 20 such a way as to create a periodic

confi gurationThis mmaentioasealatesitd aooTr eativddeTayeuise KGR and! heoreway
to the phosghor screen. Wen a suitable bias voltage is applied to the

met ald i cpareiculaysto a ealoriGRT having & tocesBnasgled at each of the mask
apertures to forman electron optical |ens, which provides the desired
focusing of the el ectron beans upon Zs the phosphor screen. One type of

focus mask is a tensioned L6l . t one of the sets of
netallic electrodes is und,%‘mﬁmﬁiﬁ @Eﬂﬂﬁbl\i-@a@a t ensi oned focus

mask) the vertical set of netallic el ectrodes is under WO 02/ 0S2C113 2
PCT/USI | 1/-4871U tension, with the horizontal set of netallic el ectrodes

overlying such gsior cthodé-sayitems (CRELyIdaRy iNbRIcRed QP éleetrsh Lo,

metallic el ectrodes overlap, such electrodes are typically attached at
t hei 10 cr ansApertfuentask) anck @ sgsgehyThe apectilae Mask isdngerposedhen a

voltage is applied between the two sets of netallic el ectrodes of the mask,
to creat befwaemndhe elecicon gur axskthe soreespdhienseraatticlgcateidg@man t age
(HV) Tl alsnhr?é/F Surtace 6f l:ilrfzac:%\{alé{éal Sbr%ot\ﬁeé Ciﬁ' tube. The screen has an array of
three different color emitting phosphors (e. 9., green, blue, red) formed
thereon. The aperture mask functions to direct electron beams
15 generated in the electron gun toward appropriate color emitting
phosphors on the screen of the CRT tube.

The aperture mask may be a focus mask. Color CRT focus mask
designs fundamentally incorporate at least two metallic electrodes
separated by a suitable electrlca'llv insulating material and arranged in

20 such away as to create a periodic configuration of apertures through
which electron beams pass on their way to the phosphor screen. wWhen a
suitable bias voltage is applied to the metallic electrodes, electric fields
are generated at each of the mask apertures to form an electron optical
lens, which provides the desired focusing of the electron beams upon

25 the phosphor screen.

One type of focus mask is a tensioned focus mask, wherein at least
one of the sets of metallic electrodes is under tension. Typically, for a

tensioned focus mask, the vertical set of metallic electrodes is under
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t he dissipation of an electrical charge across the insulating materi al
separating the two sets of conductive lines. HV flashover is undesirable 1o
because iyomysixasise an el ectrical short circuit between tpgg/isop4g0é s of
conductive el ectrodes |l eading to the subsequent failure of the focus nask.
Addi tionally, when the electron beans fromthe electron gun are directed
toward the color emtting phosphors on the screen, redirected 15 el ectrons
(backscattered el ectrons) fromthe phosphor screen may inpinge upon the
surface of the insulator material, causing it to becone electrically
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mask apertures and may Inpalr the image quality displayed by the phosphor

-screen. \Artidally tensikaeckelettrddas.an i nsul ator material suitable for CRT
focus masks that overcones the above-nentioned drawbacks. SUMVARY OF THE
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the screen. EacCh of the first conductive strands has a substantially

cont i nucive slissipation of areekedtaical ghargecacrassathexinsulating avaterial de
thereof. A plurality of second conductive wires is oriented substantially
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rel ati Okt he acconpanying drawing. FIG 1l is a plan view, partly in axial
section, of a color cathode-ray tube (CRT) including a focus mask-frane
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directed toward the color emitting phosphors on the screen, redirected

15  electrons (backscattered electrons) from the phosphor screen may
impinge upon the surface of the insulator material, causing it to become
electrically charged. This surface charging modifies the desired potential
field at the mask apertures and may impair the image quality displayed
by the phosphor screen.

20 Thus, a need exists for an insulator material suitable for CRT focus

masks that overcomes the above-mentioned drawbacks.

SUMARY OF THF INVENTION

25 The present invention relates to a color cathode-ray tube having
an evacuated envelope with an electron gun therein for generating an
electron beam. The envelope further includes a faceplate panel having a
luminescent screen with phosphor elements on an interior surface |
thereof. A focus mask, having a plurality of spaced apart electrodes, is



20 FIG 3 is a front view of the mask-franme assenbly taken along line 3-3
of FIG 2. FIG 4 is an enlarged section of the focus mask shown within the
circle 4 WohSez FIG 5 is a view of the focus mask angdiigoelmghomescent
screen taken 25 along lines 5-5 of FIG 4. FIG 6 is an enlarged view of
anot her portion of the focus mask within the circle 6 of FIG 5. WO

112/ 052G03 4 DETAI LED DESCRI PTION V PCT/ U 5111 /-48790 FIG 1 shows a col or
cat hode-ray tube (CRT) 10 having a glas8 s envel ope 11 conprising a
rectangul ar faceplate panel 12 and a tubular neck 14 connected by a
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(ot - shdRirthriHtlacknt 8 an efFeCivepIIrE ardd B the SaREf THESBAAINTE, Lo
16 to t hsefRelen theAistautdactive midthllc dttaridrdesthamaguralityheffir st

anode button 16, is not contacted 10 by the conductive coating. The panel
12 Corrprapestwesywmshammnwpemlm ﬁmtlaplmlnesmhoarreiements pincthe sCre@ne or
'sidewal | 20 that is sealed to the funnel glass frit 21. A three
col or | kACh&fdihe ﬁkﬁtﬁﬁ@dl&ﬁl‘é@ﬁtwdsh@éaﬁ éubstamtiallvrqmtlaupuéce of the
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anode potential to the screen', as well as for reflecting ht emtted

f r om t hdlayeods partidibhensighthoognductiveate@mextent sufﬁmlemgtomevent

mul ti-aperture color selection electrode, or focus 25 mask 25, is nounted,
by ctinvedi ASeIMiAtion of amianticantalectricalcharge.

BRIEF DESCRIPTION QF THE DRAWINGS

The invention will now be described in greater detail, with relation
15  to the accompanying drawing.

FIG. 1 is a plan view, partly in axial section, of a color cathode-ray
tube (CRT) including a focus mask-frame assembly embodying the
present invention.

FIG. 2 is a plan view of the focus mask-frame assembly of FIG. 1.

20 FIG. 3 is a front view of the mask-frame assembly taken along line
3-3 of FIG. 2.

FIG. 4 is an enlarged section of the focus mask shown within the
circle 4 of FIG. 2.

FIG. 5 is a view of the focus mask and the luminescent screen taken

25 along lines 5-5 of FIG. 4.

FIG. 6 is an enlarged view of another portion of the focus mask

within the circle 6 of FIG. 5.



predeterm ned spaced relation to the screen 22. An el ectron gun 26, shown
schematically by the dashed lines in FIG 1, is centrally nounted within the
neck 14 twogensxwet e and direct three inline el ectron beampczfysopsszemnt er and
two side or outer beans, al ong convergent paths WO U2/118S2(r113 5

PCT/ US111/ ~87911 t hrough the mask 25 to the screen 22. The inline direction
of the beans 28 is nornal to the plane of the paper. The CRT 10 of FIG 1
is designed to be used with an externald4 ..magnetic. deflection yoke, such
as yoke 30, shown in the neighborhood 5 of the funnel-to-neck junction.
When activated, the yoke 30 subjects the three el ectron beans to nagnetic
fields that cause the beans to scan a horizontal and vertical rectangul ar
.raster over the screen 22. TheDEXMLED DESORIPTHON preferably) froma thin
rectangul ar sheet of about 0.05 mm (2 mT) thick | ow carbon steel (about
0.005 % carbon by weight). 10 Swtable materi al s for the mask 25 may

*i ncl ude hi h on | ow carb t eel s, hav n efficient of thernal
expansi on ? épan Wsa FQHU'eC%t GtﬂaVﬁ-EbQé@ )'l@ aulBe 8RSes Cel si us;
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wi t hin 0 in FIG
3o anterd obnehestue soding Wof shoydrgnseic contactshonnd, D, 0

The two gxtends firenB2 figst anodiecb uttdn 2% to €h2neek 44, & secondtamodent r al
maj or axis, X, of the CRT 10 while the two short sides 36, 38 are parallel

with t heduthian 47, ipeatednpnosite she: fisstcanode buktonds, iehatreontactech

aperturg} gbtlon that.is ad acent to and overlies an effective picture area
of t'Re Y ﬁ@@nd B‘@F@@ INQ-thin the central dashed lines of FIG 2 that

25 1 nol udes’ S HASIC2 68FBPSEs Znwiitartal iing FRkFbidte 8BS E o g
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subst ant'r al y equa S aced apertures avi n

0. 55 mMmfir12%. Aithree mromeumld@ﬂcer’@pmspmmxsa'eeﬁ 22f|s tbfatéaToﬂlftr@d t he
phosphor el enents of the screen 22. In a WO 02/ 0S2fi 03
inner surface of the faceplate 18. The screen 22 is a line screen shown in
15 detail in FIG. 5, that includes a multiplicity of screen elements comprised
of red-emitting, green-emitting, and blue-emitting phosphor elements,
R, G, and B, respectively, arranged in triads, each triad including a
phosphor of each of the three colors. Preferably, a light absorbing
matrix 23 separates the phosphor elements. A thin conductive layer 24,

20 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 the phosphor elements through the
faceplate 18.
A cylindrical muliti-aperture coior selection electrode, or focus
25 mask 25, is 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 centrailly mounted
within the neck 14 to generate and direct three inline electron beams
28, a center and two side or outer beams, along convergent paths



PCT/USO 1 /.18790 col or CRT having a diagonal dinension of 68 cm (27 V),
there are about 600 of the first netal strands 40. Each of the apertures 42
ext ends fwommagses ong side 32 of the mask 25 to the ot her pcangosighoo 34

t hereof (not shown in FIG 4). s Aframe 44, for the mask 25, is shown in
FI GS. 1-2, and includes four major nenbers, two torsion tubes or curved
menbers 46, 48 and two tension arns or straight nenbers 50, 52. The two
curved nembers 46, 48 are parallel to the major axis, X, and each other. As
shown in FIG 3, each of the straight nmenbers 50, 52 includes two
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-are wel dxglid peenidrtomise pliaheyortieepapérpped. An end of each of the parts
54, 56 is attached to an end of one of the curved nenbers 46, 48. The

curvature of Tihe CRTr1@OfREGLAris desionedstohentsed with an extannal 15

cylindrical curvature of the focus mask 25_ The | ong sides 32 34 of the
focus miAIAQNEHE SGRPCIaNMOKESIENESNRKE 30y SHOMIM IR L& BeIgRb Ok
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wel ded t rrse a tensi on nask asse y. Wth reference to FIGS.
4 and 5,28 9formdd, prdferabdyndrorha thinm pecingolarsigethof atbout 0i0bet er of

about 0.025 nm (1 ml), are di sposed substanti al IE/ per pendi cul ar to the
first, mean @ mahdiico lawdcanitor steeti@reuenQih By canbofsyaveighad. f or ned
of each of the fir strands_ 40 _ The second
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metal wires 60 are term nated. The second netal wres 60 are attached to

t he busbepeffidieriteof theahai expanrsiosmwithiera rangecof alnallhA0LEY Adicper e
bondi ng material 68. The electrical connection 65 el ectrical ch((ﬁg?nnect s the
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adver Sel'y affeectrn

25 vvitho e electron beamtransm ssion thereof. The

15 focus maskagsholgAdh Ried 2hehe haskr 29 inelsicestwb Toransidessg2n34and he
center of the screen, of about 40-45 % and requires that the second
two short sides 36, 38. The two long sides 32, 34 of the mask 25 are
20 parallel with the central major axis, X, of the CRT 10 while the two short
sides 36, 38 are paraliel with the central minor axis, Y, of the CRT 10. The
mask 25 includes an aperture portion that is adjacent to and 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
25 shown in FIG. 4, the focus mask 25 includes a plurality of first conductive
metal strands 40, each having a transverse dimension, or width, of about
0.3 mm (12 mils) separated by substantially equally spaced apertures 42,
. each having a width of about 0.55 mm (21.5 mils) that parallel the minor

axis, Y, of the CRT 10 and the phosphor elements of the screen 22.1n a




anode, or focusing, voltage applied to the second netal wires 60, differs
fromthe voltage applied to the first netal strands 40 by | ess than about 1
kV, for awbipamkasanode or ultor voltage of about 30 kV. 20 pthrasonssmat ors
62, shown in FIGS. 4-6, are disposed substantially continuously on the
screen-facing side of each of the first netal strands 40. The second netal
wres 60 are bonded to the insulators 62 to electrically isolate the second
metal wires 60 fromthe first netal str@nds 40. Zs The insulators 62 are
formed of a material that has a thermal expansion coefficient that is
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tenperatgne IO@'&«:BSiCIé 3pepfthbanask @5t torthedtherlongisiies4 thereos (Nek or
-material should al so have a dielectric breakdown strength in excess of
about 40slownmin FIGOAN/ mi|). FIG 6 exhibits that the insul ators 62 can be
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bul k condachiof tiye straight membersst Sainldadesdmwe oveijappedwpartiabout
10-10 (ohmcnm-1 to 10-12 (ohm cnh-l. The surface resis ivliQ\é@/ shoul d be
about0 100EBHIRISREDAItSTRE, bis AEhPAMtea2e NG &-1aREP ch the charge
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and an The curvature of the curved members 46, 48 substantially follow the
15  cylindrical curvature of‘ the focus mask 25. The long sides 32, 34 of the
focus mask 25 are welded between the two curved members 46, 48,
which prbvides tension to the mask 25. Before welding the long sides 32,
34 of the mask 25 to the frame 44, the mask material is pre-stressed and
darkened by tensioning the mask material while heating it, in a
20 controlied atmosphere of nitrogen and oxygen, at a temperature of
about 500 degrees Celsius, for about one hour. The frame 44 and the
mask material, when welded together, comprise a tension mask
assembly.
With reference to FIGS. 4 and 5, a plurality of second metal wires
25 60, each having a diameter of about 0.025 mm (1 mil), are disposed
substantially perpendicular to the first metal strands 40 and are spaced
therefrom by an insulator 62 formed on the screen-facing side of each
of the first metal strands 40. The second metal wires 60 form cross
members that facilitate the application of a second anode, or focusing,



al  owed insulator surface potential buildup of 40 V. The maximum 25
al l owabl e | eakage is determ ned by the need for adequate vol tage regul ation

by the delybanieihsge supply and the allowabl e power all ocacardipsneh
reduction by the power supply in both cases, the particular nmask design

parameters nust be taken into account. WO 02/ 11S2603 PCT/ US111/~8790 9 An
i nsul ator naterial which has been found to work well is a '

| ead- zi nc- borosilicate glass, such as SOC- 11, doped with Fe28 (5-10% by
weight). SCC-11 is comercially available from SEMCOV Tol edo, Chio. WO

(12/ 052 i let : il

conpri sséé%gﬁﬁg?&gdﬁls{&ﬁ%ﬁ , &ﬁggﬁaﬁﬁgegbgggggdﬁkaggxﬁ% qﬁ%%(s@;a' plurality
of el ectggitgp|s pnatetialb for the iseeond inMataraviresa0 (fAudeirdwhigia!stesk
insulating material is partially or slightly conductive to an extent

suf fi ci estich @asgNgAROraarborusteelsisuchoas byauso wicerdcomseercialy char ge.
-:10 2. The cathode ray tube of claiml in which the insulating nmaterial has
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I nsul at i peptEridr68 THE Dlettrécaiaconpedtiomebedectnically connects the cross
wires 60 through the conductive bonding material 68 to the second

10 anode button 17.

The vertical spacing, or pitch, between adjacent second metal
wires 60 is about 0. 33 mm (13 mils). The relatively thin second metal
wires 60 provide the essential focusing function of the focus mask 25
without adversely affecting the electron beam transmission thereof. The

15  focus mask 25, described hereln, provides a mask transmission, at the
center of the screen, of about 40-45 %, and requires that the second
anode, or focusing, voltage applied to the second metal wires 60, differs
from the voltage applied to the first metal strands 40 by less than about
1 kv, for a final anode or ultor voltage of about 30 kV.

20 The insulators 62, shown in FIGS. 4-6, are disposed substantially
continuously on the screen-facing side of each of the first metal strands
40. The second metal wires 60 are bonded to the insulators 62 to
electrically isolate the second metal wires 60 from the first metal strands
40.

25 The insulators 62 are formed of a material that has a thermal
expansion coefficient that is compatible to the material of the focus
mask 25. The material of the insulators 62 should have a relatively low
melting temperature so that it may flow, sinter, and adhere to both the
first metal strands 40 and the second metal wires 60, within a




spaced- apart second conductive wires (60) oriented substantially
perpendi cular to the plurality of spaced-apart first conductive strands)

t he pl ur afyviptegn9dsospaced- apart second conductive w res bei npgraxNegaghot 0 25
the insulating material, wherein the insulating material is partially or '

slightly conductive to an extent sufficient to prevent an accunul ation of a
significant electrical charge. WO fl2/(1S2C03 11 PCT/USO11. 187911 6. The
cathode ray tube of daimb5 in which t h8 i nsul ating material has a bul k
conductivity value between 10-10 (ohmcm-1 to 10-12 (ohmcm-1. 7. The

cat hode- ﬁéﬂé | , ' ) ' s, ifaslato
surface frétéhélli sti 3}‘?9 r?a ué;bifleggggﬁ?h ?&%%ﬂga@u%gé%@%s gg'??}édg?r ayrt ube

-of cl ai mMfateniztseioulthaisorisaved dielestric breakamiatstrengehtinagxeess ot
| ead-zinc borosilicate glass doped with Fe2C3. .A3.As?. AYs. AYL, . A ", . A
n*. A Hs7alOutS00VMMYI08-Wmid} FIGE exhibits that the insulators 62 can be
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10908 () - 4109F8e (Hulkscenduntivity ofsmsum@r(éz should preferably range
15  between about 10" (ohm-cm)* to 102 (chm-cm)™*. The surface resistivity
should be about 102 ohm/square. The insulator leakage, the rate at
which the charge is removed from the insulator by bulk or surface
conductivity, minimaily must be about 100 microamps for bulk
conductivity charge removal for an applied focus mask delta-voltage of
20 500V (l.e., difference in potential between the first anode button 16 and
the second anode button 17), and 80 microamps for surface
conductivity charge removal under the same focus mask delta-voltage,
based upon a beam current condition of about 2.5 milliamps and an
allowed insulator surface potential buildup of 40 V. The maximum
25 allowable leakage is determined by the need for adequate voltage
regulation by the delta-voltage supply and the allowable power
allocated to such reduction by the power supply in both cases, the

particuiar mask design parameters must be taken into account.
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10 2. The cathode ray tube of claim 1 in which the insulating material
has a bulk conductivity value between 10 (ohm-cm)* to 102 (ohm-cm)™.

3.  The cathode-ray tube of claim 1, wherein the insulating material
has a surface resistivity value of about 102 ohm/square.

15
4. The cathode ray tube of claim 1, wherein the insulating material
consists essentially of lead-zinc-borosilicate glass doped with Fez0s.

5. A cathode-ray tube (10) comprising a focus mask (25), wherein the
20 focus mask includes a plurality of spaced-apart first conductive strands

(40) having an insulating material (62) thereon, and a plurality of

~ spaced-apart second conductive wires (60) oriented substantially

perpendicular to the plurality of spaced-apart first conductive strands,

the plurality of spaced-apart second conductive wires being bonded to '
25 the insulating material, wherein the insulating material is partially or

slightly conductive to an extent sufficient to prevent an accumulation of

a significant electrical charge.
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