' CO_O? Pl CTURE TUBE HAVI NG | MPROVED SHADOW MASK- FRAME ASSEMBLY
SUPPORT NMEANS This invention relates to col or pictureRFﬁb%§f8@7the({
t yp€ havi ng a shadow mask attachegd to a peripheral frame which is suspended

in relation to a cathodol um_nescent s%rﬁen“pgnprising b%gg- gnitting,
green-emtting and rEﬁLQ#FPFF#&BEHSEB ; articularly,
to i nproved neans for SuppSKHFRE ARSKEMRL ABORTOMEANS such a tube so
that el ectron beans, generated by an.electro u i mpi_nge.upon _t he proper
phosphor el enent s. f%lslﬁn§§§F18 rFSE?QEgIgP 5g395rglfgﬁﬁetypes, a
peri pheral franeubesppdr thegtgpehhadoingss kshadow uspeidetitached fazepl at e
panel by nmeans qgf + h e eqd_ e] Lrect] frame or
L8 pl ates whi ch’i RepupAdEal %ﬁgedwﬁgéﬂhgsf%%_ < J?fg‘t‘té %?%%tcﬁ@ wel ded
version, the spEPngscakbododuminesngot otcheept edmprisbrerbye; and in the
pl ate version, te{agtehaﬁgstgéfeenbegﬁéehhgﬁa?ﬁsré@eeﬁm?ﬂé Bhoshiges becone

heated. by transfer of hea romthe nas rough the franme, the binetallic
mat eri al s expan§l8PEREScARPy, MOREr BAYLbERERRYY t hEC sHPPHY¥ECSrM$ART es to -

cause novenent ebrtBappBEking aMRasdkSEPBNY 46¥EMK1 R SAT 86N Uh SPased on the
g el. It is also kgpmn go use tge ggonetrlc_structure of the spri.ngs to

se this saneSRotf8h £5GEFION REALEr cBFNETALRTI BY. B FHECFEPRe of the
expandi ng nmask- guape iapiagel vpagathaet ptbopespphagshor elements. |t i S common
to use either three or four springs t u rt a.mask-fra ssenbly within
-a rectangular faceplate pgkémﬁﬁF %UEE%EE Eﬁggrtﬁ%g prSpFng §¥§§8rt system
one spring i s usurkeriphecatfledrame; heupppetingna eshaflovhmaskskisand t he
ot her two sprin cate | u t he
centers of theggfgggdgg ?hegngégagé%gg.?%gsfdﬁgrﬁgﬁggc§?n§§£¥§§§the mask.
P a four - spri n§hatppset veydednpithpri djseardy ut@athg frame or to

plates which in turn are welded to the frame. In

the directly welded version, the springé are

' usually made of bimetallic materials;'and in the
plate version, the plates are bimetallic. As the

20 . springs or plates become heated by transfer of heat

from the mask through the frame, the bimetallic
materials expand differently, thereby bending the
springs or plates to cause movement of the mask-
frame assembly toward a screen disposed on the

25 panel. It is also known to use the geométric

. structure of the springs to cause this same motion

§ towards the screen by action of the force of the

' expanding ﬁask—frame assembly against the springs.
. It is common to use either three or four

30 springs to support a mask-frame assembly within a

rectangular facepiate panel of a tube. In a three-
spring support éystem, one spring is usually
located at the upper center of the mask, .and the
other two springs are located along the sides of.
35 the tube between the centers of the sides of the
mask and the lower two corners of the mask. 1In a
. four-spring support system, sérings are usually
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2 located at the top and bottomcenters of the nask and at the left and
right eenters of the mask. In both.the three- and four-spring 8G3p86t 907
systens, as described above, it is possible for the mask-frane assenbly to
twi st sFightly and shift relativeito the faceplate, during tube manufacture
and/ or oper at i oFOCAtERORt ABEnEOPoRNHi RPEFORNESRERES i P BR® B4 ting of a
mask- f rane asseildy atts @hes [Leifitg andppght 8éntébes fOfirtorngss. ofid he frane.
A problemw th Egghag ve- es%Ligegy§trugtures for the plate version is that
it is difficult o ndngeStF et T8y TRVAT GRF &9 nBURRAT T t Y 3t T%e %l ds used
to attach the sgeisecgdbed ahevel,aties isapdsshelel fbvesthe maskffoame Def ective

ds may fail r . hga h I ng
ggiration may ggﬁgfg?QEQSFEQEBSQS%?gpgg?g %%§a€&%€E??%+%€fg§§%?|ed fromthe
wel d area, becalkde Srcepdiesser dusingctubet neenfadiuparand{erbe j oi ned

together and t hgpeeladisns ¢l ACkhOUASmedhS ¥BLUnERLASH: PG Lifbesnday becone

di sl odged within the_sealed tube and cause either cosnetic or electrical
probl ens. Anot h@RWSPdLEdOGc P4t 8IMBFEBEEANE s2SRMDLY fUSP® PRFIRIt 0 be
joined are not fupprts &l ¢heugear corherseef behaeerakde parts and may act
AR 0hrts ahd the' shadedt ERBIERIH Sohabe PBREFrEe>8ached cond, (1 on
results in a n stegictureshdorethet peatpevénsbsnits thde sbatlow mask and the
DROZErr PLener R e, oo aIMBLUILPEREED! PELRRCL (B B EAL O e
i nt ended areas. ©¢f the welds used to attach the springs to the
;; ‘plates, éﬂd the plates-to the frame. Defective
15 - welds may fail due to thermal or mechanical shock,
and the welding operation may generate wéld splash,
i.e., metal particles expelled from the weld'area,
because of improper contact between the parts to be
joined together and the welding electrodes. The
20 weld splash particles may become dislodged within
the sealed tube and cause either cosmetic or
electrical problems. Another weld-associated
problem is that, if the parts to be joined are not
flush, a weld nugget is formed between the parts
25 . and may act as a pivot point possibly causing weld
failure or a relative rotation of the parts and the
2} o shadow mask under shock loadiﬁg. Such a condition
. resuits in a misregister between the apertures in
. the shadow mask and the phosphor elements of the
30 cathodoluminescent screén, thereby causing the
electron béams to'impinge upon areas of the screen

other than the intended areas.
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- An inproved col or picture tube according to the present
‘i nvention includes an evacuated gl ass envel ope having a facepl ak@a p26e907
wi th a cat hodol um nescent screen disposed thereon.. The panel includes a
col or selection electrode assenbly;nmounted. thefgin by support neans that
are |located at_ peripheral | PispEREEVPEsteionsPIFERe) tYhe ReePrdIm@® support

means at each of ¢ {hepsPeEEdeROSIAVONSLSMCIniRRIes S waldaghed to the gl ass
envel ope, a sprin haV|ng an openipg therein for S%S%gkqgithe stud, and a

pl ate wel ded bet AEdFSt FRVEHPPRGNAFIY IR TRfFRIALS & ode assenbly.
The inprovenent eatpodSESMIRESOENE A$dvedwi di sitbddte thdduth andride pl ate by

oS oo cpe PSSb ablSa88" LS P8 JEle Bl A RIS e 0%
(Sheet 1) is an meuatéy sketrebnaby Sssusportewmedns thaltomane diogatddibe
enbodyi ng the pr. | b on; .. : < H . e i schemati c
rear el evati onal g;éll éévﬂdﬁﬂgg%%ggpf%?%e%a%%?ldszlu%ipsor%‘fllctﬂg}'%attg@afgv%\}e%nﬁsk
assenbl y accor di Bhet supppref Bears apheritherf tife tdpaqadesmaitinranti on;
Fig. 3 (Sheel 1)1h&18q88Ch10RGY ¥t ENERLAL {NESIESE Unddibpd, Showi ng a
portion of the shadQM/nas ,assenbly and its support neans;, . Fig.
410sheet 3) is aSBEERFORAViDG AR PRERLIY reRerin Forriengaging\dilieng detail s

of an interlocki Bggu@xt 4HE1 ANpPhté hpe BUEP Wt WS She spring anditthe 5 (Sheet
2) is a schematic rear elevational view of a quadrant of the faceplate

panel and shadowCfbSk SSLERBEPNaBLIFEFPLE 135 P& erred enmbodi nent  of

the present invepippoyement comprises mechanically joining the
i spring and the plate by extrusions interlocking the
15 parts together at two spaced-apart locations along
one edge of the parts.
In the drawings:
Fig. 1 (Sheet 1) is an axially sectional
side view of a colof picture tube embodying the
20 present invention;
Fig. 2 (Sheet 2) is a schematic rear
elevational view of a faceplate panel supporting a
shadow mask assembly according to a preferred
embodinent of the present invention; '
25 : Fig. 3 (Sheet 1) is a sectional view
: along lines 3-3 of Fig. 2, showing a portion of the
3 ‘ © shadow mask assembly and its' support means;
. ' Fig. 4 (Sheet 3) is a sectional view
along lineé 4-4 of Fig. 3, showing details of an
30 l interlocking extrusion of .the support means;
| | Fig. 5 (Sheet 2) is a schematic rear
elevational view of a quadrant of the faceplate
panel and shadow mask assembly according to another
preferred embodiment of the present invention;
35 Fig. 6 (Sheet 3) is a partial sectional
view of a corner of the panel-shadow mask assembly
of Fig. 5, and
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Fig. 6 (Sheet 3) is.a partial sectional view of a corner of the

panel - shadow mask assenbly of Fig. 5, and : RCA 86, 907
4 Fig. 7 (Sheet 3) is a sectional view along lines 7-7 of Fig.
5, showrng a corner support neans, . Fig. 1 shows a rectangul ar

color picture tube 8 havingga 9l gseeeve®] 0pe dOsecifrdISivigewd rectangul ar
facepl ate panel 12 a d,a‘tupytar q;pk §§ cqnnected by a rectangylar f unnel
16. The panel 2IWFpHIES 5 {i¥wiimP 1 arepi i e 88 2a B 2B SRR & 1 ange

or sidewall 20 méamé.is sealed to the funnel 16. The facepl ate panel 12
i ncl udes two orthogonal a : | X] - to. | i-der
f?gr)? gﬁ%% & i»écé%iﬂf%f’%f a#l%r Jﬁ%‘%&éﬂ"

di mensi on (usually horizon a mnor a par to its
nirrower di menstwpe (Yishaving veryiass )enviionem|ld, @ahpriisdndares are

perpendi cul ar tpetbign&e{d+ afaé&ﬁﬂéﬁélg;ia}?él 9 S 4 UYuph@d Weewhi ch passes

t hrough the center of”"the neck 14 and the center of the panel 12. A three-
‘col or phosphor Ltreemnested Biprd seFANBIAE fuinedn 18 -andhe®3@®dt t i ng
phosphor el emenis, comp£isés e4l &w@&{ﬁgifgggpgaﬁgemgaaﬂh_@he faceplate 18. The"
screen preferably |s a ljng screen wih t osphor 1,i nes extendi ng
Sabetanti ol Ty oy ErParal E1EE o el PRI, e e T A S oy een may
b® a dot screenthd fuhséeRpré! urtite cfdosplai e gdrml d2edinaldriesortwwhadow .
mask, 24 is renmpvabl nted. . by inproved nmeans, in _pr.edeterm.ned spaced
relation to the°§€€%%%rq%.a’ﬁ\ens'el e%t’?@o%oﬁu%x%%?}'cgrﬁr%% ef}l °un0cesd within -
t he neck 14, towjdeerdimensitonli (estally dwrlmmttadl be@ats almdmponver gent

paths through openlngsyi Mo2r 1 ¥E o AL AL AL AN tdiGRAAH the mask 24, to

t he screen 22. _
(usually vertical). The major and minor axes are

15 perpendicular to the central longitudinal axis Z-2
of the tube which passes through the center of the
neck 14 and the center of the panel 12. A three—
color phdsphor screen 22, comprised of blue-,
green—~, and red-emitting phosphor elements, is

20 carried by the inner surface of the faceplate 18.
The screen preferably is a lineiscréen with the
phosphor lines extending substantially parallel to
the minor axis Y-Y. Alternatively, the screen may -
‘be a dot screen. A multiapertured color selection

25 electrode, or shadow mask, 24 is removabiy mounted,

o, by improved means, in predetermined spaced relation

to the screen 22. An electron gun 26 is centrally

mounted within the neck 14, to generate and direct
three electron beams along convergent paths through

30 openings in a curved, apertured portion 25 of the
mask 24, to the screen 22.

The tube of Fig. 1 is designed to be used
with an external magnetic deflection yoke, such as
the yoke 28, located in the neighborhood of the

35 funnel-to-neck junction. When activated, the yoke
28 subjects the three beams to magnetic fields
which cause the beams to scan horizontally and
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The tube of Fig. 1 is designed to be used. wth an external nagnetic

' def I'ection yoke, such as the yoke.28, located:in the nelghbqggﬁog o$ ;he
funnel -to-neck junction. Wen acti,vated, the yeke 28 subjects ?h %
beanms tod magnetic fields which cguse; t he bearp@ to scan horizontally and

5 t [ I The.
shadgg;nggﬁ ZZ Pgreéggi%?ngH grﬁééf %Eféggﬁﬁﬂ$ P‘%ﬁgﬂat also |ncludes a

peri pher al shadé@/nask frame 32. The mask-frame assenbly 30 is shown

positioned within the facqm@atsgaggge}nagg Ql@ Elsgﬁaré_ 8805 Znadine mask-frame
assenbly 30 is pounted to the panel ¥<g; our |qr"géoved support nmeans 34

shown in Figs. 5ramesggsgmbly 30 Ehat 7 i@ 2ehipherdds the curved

aertured porti sha&Bw AAskNPELaAnOr 3R e bm@&ﬁaﬂg#ﬁm %Ess’:‘dtwf 1GU B0 Bg 'élhe

apertured port| k rt portion 29 rom.t or der

portion 27 and xt gﬁawﬂgpgﬁi l??%‘ljn %h;sréré%?l %‘f H%F@%@% lp I on 29 of

the mask 24 is ipl BEsgepell andh2n oFfheeataskrsfrkime resdemniey R0 drsd wel ded to

the inside surf r eqf s PO gé | ocated at °*
a888£Q8 £8" the ?n?%e gi_?&@ ﬁ At

peri pherally spaced positions rame sse and the panel
12. Each suppormeppand43shpwnl iteBigsst2d 34and &pring 46 and a plate 48.

geh stud 44 is a.conical Imesfgﬁaaewnﬁagk E@n@ﬁaa&é& tRe & Acdgd tO the

panel . si dewal | 20, for exanple, along the nmajor m nor axes in a 26V
tube having a dPREBEEFedi REAELGR &5 G%nﬂ-mmr%@’é#ti%r@%@q Pagtdafhring 46

engages the freg7egdrebuhliéngt tHe 4dpefberéd apertifon 25, hidetal 1ic
_ skirt portion 29 bent back from the border portion
-« . 27 and extend{ng away from the screen 22. The
15 skirt portion 29 of the mask 24 is telescoped
within or set inside the frame 32 and welded to the
inside surface thereof. '
The support means 34 are located at
peripherally spaced positions of the mask-frame
20 'assembly 30 and the panel 12. Each support means
34 includes a stud 44, a spring 46 and a plate 48.
Each stud 44 is a.conically-shaped metal member
that is attached to the panel sidewall 20, for
example, along the major and minor axes in a 26V
tube having a diagonal dimension of 66¢ml An
apérture 60 in the spring 46 engages the free end
of the stud 44. The plate 48 is a bimetallic
element comprising a first metal layer 48a and a

(¥ ]

second metal layer 48b laminated or otherwise

30 bonded together in face-to-face relation. The
sprihg 46 is in contact with and attached to the
first metai layer 48a of the plate 48, and the
second metal layer 48b is attached to the frame 32.
The bimetal materials of the plate 48 are chosen so

35 that, when heated, the plate moves toward the frame
and displaces the mask-frame assembly 30 towards
the screén 22. Thus, the coefficient of thermal

- 5 - e e e
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.element conprising a first netal Iayer 48a and a second netal |ayer 48b

‘| ami nat éd or ot herw se bonded together in face*tp-face rel ati okcallss, w7 ng
46 i's in contact. with and attached;to:the first*petal |ayer 48a of the
plate 48, and the second netal |aykr 48b is:atfached toe the frame 32. The
bi met al mat eri alexpaingilon m:t‘at@el&tea:raa dlageen 48b hlea:t tohéhehfabtmd, the

plate mves towgd i he A 4.l 36es ARS MRS Lame assanBky 30
e P Hhad Gl sape

towards the screen I ClL.ent o
6 expansion oftltehé-armlal‘laaayﬁértmm@ﬁt the tSIEPe‘mgarreThEr§t be | ower than

the coefficient QinfXRansid tdip éd'é%th%\ﬁersté%%t%%acilgeﬁlkgu%?@dsI%' ng. This

.tepperature corrpensatron structure I s discussed uU. S . 3,803, 436,
i s3ued to MorrelY-%on BQ%- Np. HRP3,436, lssue@nftpkémirﬁetlllreoﬁrlor art, the
spring 46 is attmgahedtaghe plate 48 not by welding, but by mechani caIIy.

joining the conponents to USI ext rusi ons i.ch interlaock .the
- conponent s al ong -f aci ng sgﬁ?gﬁf& ee%ﬁ’t%‘f cﬁfst'ar & FRd % 4<\R1§ spaced

apart | ocations aﬂitamtrécﬁ]tcaltmg pim:eedgierﬁﬂ bly weedrmlgr;ledupabys A cross
section of an i xtrusron LS. shown in

enbodi nment , theqé:et{ers o Xt st,;lhc?ns?oé“ é’ns%‘écgegogﬁghfr Bsbggnm (0.750
i hOh) apart and ewtouts iosg wtmc(ro J.If:t&nlmdk) tiheomorpeonedge B2o0of t he j oi ned
parts. The ot herfcf‘ér}%&fs&%&éﬂsateﬁé 'e?-:t%tutsqg?x%dagr% RS meb2dE BgobY

conventi onal ut11izing extrusions he type descri bed.
Att achment poi nt&Pamed @@arsthow:aquth S03ang §1 é‘é&’t"éd%l?o&ﬁig%s@ mm (1. 00

i nch) apart” and de HhamidheBhd A T QB SRRRATH Bredde 55 of the plate

1nterlock1ng -ext rusion is shown in Fig. 4. 1In this
15 ~embodiment, the centers of the extrusions are
- spaced about 19.05 mm (0.750 inch) apart and about
4.78 mm (0.188 inch) from the edge 52 of the joined
parts. The other end of the plate 48 is attached
to the frame 32 by conventional welding, or by
20 utilizing extrusions of the type described. |
Attachment points 53, .54, shown in Fig. 3, are
located about 25.4 mm (1.00 inch) apart and 4.78 mm
(0.188 inch) from the opposite edge 55 of the plate
48. The lateral spacing, A, between the attachment
25 locations 50, 51 and pdints 53, 54 is about
g 22.20 mm (0.874 inch), to provide adequate room for
g; ) . movement of the plate 48 to achieve temperature
compensation. '
The interlocking extrusions at locations
30 50, 51 may be formed usihg conventienai clinching
devices, such as are available from Tech-Line
Engineering Co., Warren, Michigan or from BTM
Corp., Marysville, Michigan.
The adventages of the interlocking
35 extrusion over conventional attachment means, such
as welding or riveting, are the elimination of weld
splash, the ability to non-destructively inepect
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- 48. The |l ateral spacing, A between the attachnent |ocations 50, 51 and
“points 53, 54 is about 22.20 nm (0..874 inch), ‘o provi de adequata @gogbﬁor
nmovemrent of the plate 48 to achieve tenperature_ conpensation.
The intérlocking extrusions at |ogatipns .30,.5i may be formed using’
conventional c] ithehiqualiteviofethesetbsazes) eta¥ahl ghl @egreg dech- Li ne

Engi neeri ng Co. g from.BJ. ville, M chigan.
Thg advant gges gfc\é%h |nt°e¥r ﬁ:glgk?"?l’ﬁar':é?f’r 8§| ﬁﬂogg?g‘ésﬁeéni{ﬁﬁnal attachnent
means, such as eddidinggion oifvprendormisgt heleki ibnatrivetef amdid spl sh,
t he ab|||ty 10 RER- dA3inGkiivel b 38RTEY onal parts wﬁ@@?qHﬁé'ty of the

closures, the high degree of accuracy o ocation o e closures, the
eld ni nation of FREVASESR Ry wévesipg:. r Avdrawbaall efietBei ni nation of

addi ti onal partanw@quc&rlelgr Qitir@d oRY 15| ’Eﬁht”ﬂt ﬁogga%askoﬂi the
I nterl ocki ng ext usi o i s hat it possesses on| bout 70 percent of the

strength of a "§G8%C V& e&FeQﬁuP§aFQﬁtsﬁﬁ@ﬁSFhsP§ea heqdederveld siightly

i ncreasing the n&ggQM1$azenmfnhb@eexhiuébOnowéﬁéﬁarﬁb|Qlﬂb@ﬁyfe strength
can be achieved., age-of the interl ocking

c ﬁ unexggcte adéagﬁ
extrusion is theMCHSPSIETNOS AUGHEEK SEAs: © 8t 8¥FEUPHRB  test results for
Ganel having @ognadaW1easﬂoaaxenbtyenguhtednther&cnlebe&LZ|ng t he nove

interlocking extrusion forya e _as i ated springs 46 and
éﬁggtte %&EﬁﬁagQ oF>the

plates 48. Shock tests were c t 85t panel assenblies nade
with the inter| dakierdoskings ﬁéﬁﬁguaF-OHOGat thasigpravenéat Theshesk

test and static load test results for a panel
having a shadow mask assembly mounted therein
15 ' utilizing the nowvel interlocking extrusion for
attaching together the associated springs 46 and
plates 48. Shock tests were conducted on twelve
test panel assemblies made with the interlocking
extrusions at locations 50 and-Si. The test
20 assemblies were evaluated versus eight conventional
_(cont;ol) panel- assemblies in which the springs
* were welded to the plates. Both the test and
control assemblies had the plates welded to the
frame of the shadow mask assembly.

25 The panels were prepared using a
,} conventional matrix process such as that described
3; in U.S. 4,049,452, issued to Nekut on Sept. 20,

1977. A photoresist solution, the solubility of
which is altered when it lS exposed to light, was

30 deposited on the 1nterlor surface of the panel and

 dried. The shadow mask assembly was placed in the

panel, and llght from a llghthouse was prOJected
through the apertures in the mask to expose
selected areas of the photoresist. The lighthouse,

35. in this instance, directed the light at an angle

 identical to the.angie that the electron beams,

which impiﬁge on the green—emitting phosphor
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assenblies were eval uated versus ei ght conventional (control) panel
* assenblies in which the springs were:wel ded to the plates. Bot¥ch H 186t
and: control assenblies had the plates wel ded t'g the frame of the shadow

mask assenbly. - The pargel s:were -prepared using a conventi onal
matrix process SiRmentsst Hukkserkded Then Mass. apserY1¥5¥as| ssued to Nekut
on Sept. 20, lS8dnoved PRESRIES Parkl Ul tH& eld, t Yioele Wwhich is

altered when it _is exposed o light, was .deposited on the interior surface
of the panel an%Of?ngoP°%°%a‘g€\ﬁ%§3‘°§§§%%s} WES S FETCY S ¥he  panel |
and |ight fromwashiig houRleemasa psaljwciiced off Nricyhgh abseradet ures in the

sk to expose _selected are of the phqtoyesist. e _lighthouse, in this
inﬁst ance, di reclflaé%r%’ﬁem?d?%ﬁa t*&h Q%qu%@%e,%e"ﬁ{ %é‘éal ]I-{Aget Re egng%z that the
el ectron beansthe vamdl i aqpd nge e tret agimesh -agraast iofg exiposgldor
8 el enent s, Th ‘ I by t he panel, and

"‘%U?tgo}s%ﬁ%? %N@%ﬁ%ﬁ’%}%&ﬁﬁp h WA Wed el A

t he unexposed, e portions oresi st were renoved by

washi ng. Then, thew|ek¢hed ofith ghtswdsrls raf ahant x Whdcdr iseiftRaeddeposi t ed

on the bare afe@n&fréﬁﬁb@@”@ﬁéfﬁKHé¥l§ﬂH§ff%ﬁﬂﬂﬂ@aiﬂf@%% e @pRosed .
gBotorem st. The matrix, solution was dried and then etched with a.suitable

chant, which RRPERKRIILSHAIE MR PYHE M MAETIE Metetiéd ar eas of the

phot or esi st anﬁléﬁlﬁizﬂyeliqﬂlﬁlgaETQéif‘Bihthﬁiﬂﬂi?i ,mé_ﬁé%\djaﬂgdni gjnﬁedabso][bi-ngd _
matrix material _on the mapority of the panel, with cJear wndowsg formed in
the | ocations pFradeotsYyCbctipi Ry twg:thfdﬁqﬁliwcipé{saifr%&eéir efs of
phot or esi st andthweldgambommtprevimisly alccupied by the underlying

retained areas of photoresist and overlying matrix

v

-

15 material.

The windows in the matrix provide a way
to measure register shift. When the shadow mask
assembly is reinserted .into the panel; with the
Qindows formed as described above, light from the .

20 exposure lighthouse passes through the open
windows, and the light location can be accurately
read using a device called ‘a matrix register
reader. The panels were then shocked by a drop
test that provided a 35G shock to the panel with

25 thelshadow'mask assembly supported therein. G is
the gravitational force. The panel assemblies were

Gl

shocked with the panel in the usual viewing
orientation, identified in TABLE 1 as "Y", and with
the panel assembly face down, "FD", and also face
30 * up, "FU". Separate panels were used for each test.
Prior to the shock test, the panel assemblies were
thermally stress cycled by passing them through a
stabilizing furnace operating at a temperature of
450+15°C. The éhermal stress cycling was repeated
35 five times for each panel to provide a "worst case"
condition. The results of thghdrop test are .
recorded in TABLE 1. "C" identifies a control tube
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. The windows in the matrix provide a way to neasure register shift. \Wen the
shadow nmask assenbly is reinserted.into the ganel, w th the w Rgdw86f807ed
as- descri bed above, light fromthe éxposuré¢ |ight house passes through the

open wi Nidows, and the light |ocati;on tan h¢,dgetirately read using a device
cal l ed a matrix heding & coBXgationadlyaHeldedesRrig RRARKEE LY a dr op

test that provi ded a'TBGCﬁd‘élﬁQ(ilhbe hhgeggnghbw ﬁ@viﬂf@ @l{@dgy\gﬁeé;k assenbl y
supported therein t he or ce. % assenbl i es were

r at.i
Shocked wi th | hatish paate TP kBN, By nG CHRr Ent Lo oS P W 1 et 1
TABLE 1 as "Y", Fdgd wiX lankhd .paRebiaseenbhyft avas dwmsuf&ﬂ)' inand al so face

upy Separzgﬁte eqlarl%lc% 5@ Y’?’?Seé{g gﬁgl $§%e%€{%g;m ‘?e shock test,

t he panel assenblies were t er ma S.Cyc %emthrough a
stabi lizi ng fur wes&egpCaR) ig adong Eenpedaagﬁeabi aﬂ@@éﬂS%érmx]inrom The

thermal stress qyd idiyees g:ggeghg.ge;ll \(QDtlggs ;gra dCopphelnd o provide a

"wor st case" condition. The results of 8 est are. recorded in TABLE
1. "C' identifiad®ng &he meijorypees (3: °° and 00 The recorded) haying”.

a conventional | ymeahuiRethesR’si W@randarkat B ﬁﬂéjea_tlh@ieﬂiglfxteﬁr@mtes'[ t ube
Q?m ng the spri andn%agte |glterlocked % g extrusmns shown in Figs. 3
4. Register 19DLOQPE8 | HSEEVERT| HREM BASERY E3LP¥Danel

assenbly: in thdnceneematCIR); throngheanh sasgoassemppbpuand@S mm fromt he
edge of the scr D nd, al ong the jor axes (3:00 and
9:00). The recoslgglé{oﬁ’egés%rngnﬁﬁfg g %r%\ﬁgng%e %‘F‘%‘j”é‘ét? light fromthe
sane | i ght house dispd@cementf omm"mgsthgmztadbvxdue nto hEheaSSsthdm:kough t he
-mask assenbl y a%e recorded values are in mlcrometers (L) ; and the

15 . smaller the absolute value of the displacement, the

lower the register shift. The plus (+) and

minus (-) designations refer to shifts in one
direction or the other. '
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wi ndows, and then neasuring the anount - of dlsplacenent or "m sregister" due

to the 35G shock. The recor ded values arezln m cronmeters ([erRCY 8apd0tzhe

smal l er the absol ute val ue of the d|§placenent the lower t-he register

shift. The plus (+) and mnus (- ) desi gnatsieone refer to shifts in one
IABLE 1

direction:or the other. 10
TABLE 1 CHANGE AFTER 35G SHOCK TEST SANPLE N DROP CTR 2D
3:00 4D 8D 9: 00 10D 7 4 3
5 4 3 cnAnsn4mﬂmm&;ﬁgisﬂxan@Esm10 0 4
-4 AVERAGE= Y saMPLE N DRoP CcTR6 2p6 3:086 4p -48D  -49:004 10D
;f 1 11 13 12 12 12 C11 o5 FU 4 25
23 -6 -10 -16 C6 FU - 1 16 13 13
-6 -8 -11 AVERAGE— FLJ Y 2 17 16 - 16 2 -8 =410 =512
"C7 FD 223 ., -19 29 35 Q9 FD
i 20 s Sy 0T odP 2 8y g B 0 Pea i
-24  -31 31 AVERAGE= W0 AERAGES] FD 6 2 6 -231 -2%4 -2%4
32 31 T1 Y 2 2 0 1 6 1
6 . c4 FU 1 11 13 12 -12  -12° -11
cs FU 4 25 21 23 -6 -10 -16
c6 FU 1 16 13 13 -6 -8 -11
AVERAGE= FU 2 17 16 16 -8 =10 -12
L5 o ¢ " FD. 2 -27 -23 -19 20 34 35
c9 FD i -20. -15 -13 29 34 29
C10 FD 1 -24 =24 . -31 31 30 30
AVERAGE= FD 2 =23 -21 -21 30 32 31
20 T1 Y 2 2 0 6 1 -2
| T2 Y 3 6 3 9 4 1
T3 Y -1 3 2 -1 3 1 -2
AVERAGE= Y 1 3 2 1 6 2 -1
25 T4 FO -1 13 9 7 <12 -16 -18
- T5 FU 3 13 13 15 -14 -14 -13
2 :
T6 . FU 2 12 9 8 -8 -13 -13
T7 FU 1 11 9 - 11 -11 =12 -14
AVERAGE= FU 1 12 10 10 -11 ~-13 -14
30 . T
T8 FD -2 -28 -36 -40 28 26 18
T9 FD -2 -36 -40 -45 35 29 19

T10 FD 1 =30 -24 -22 21 29 29
| T11 ' FD 1 -22 -28 ~-29 25 24 25
35 T12 FD 2  -21 -25 -26 27 27 23
AVERAGE= FD 0  -27 -31 -32 27 27 22
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. . Y 3 6 3. 4 9 4 T T3 Y.

-1 3 2 -1 3 -«  I-2"AVERAGE= Y -Rda 86,908
2 ’ 1_ 6 2 -1 T4 : « FU . -1 13. 9 .- 7
-12  -16 -18 T5 FU +3 3 ‘.13 " 15 . -14. - -14
-13 T6 . FU 2 A comparisof of tlge regist@er shigfts -fig T7
Eg 101 10 1éontr09 andléest paﬂéis df%%ped ﬁk%hNgﬁgAggnelFU 28 1 36
- 40 .28 ngsemblxglqgthe usual;q;ew;qg o:xengyylon X0 -45 35
19 T10 revealflxhat, lin théGkenter? the %%st_l_ anél s and|2:%he 29 T11
i 51 ! 25 2 §%°“tfg§ 23"“-‘9?95 Had t%%zssﬁ&‘k?é%@?tz% mzlsre(?is'ce-rz? -31
-32 27 BR¥, at ®R®e 2D, 3:00, 4D, 9:00 an@ Q@mpabicﬁwio@xfs the register

shifts for cont ed with the pane enblly in the
usual view ng otgll?%an |%‘§é%\)? reveaﬁj tq%qé‘flsﬁeﬁqt & EROE Fda?rsﬁ?“\ st panel s-
and the controltgaﬁwlbeﬂadehethﬁunasnnpﬁuekﬁ,lﬂhaﬂeglstemheB@D at the 2D,
.3:00, 4D, 9:00 t:.LP |QEﬁél or t‘% égsgcts pang]\ﬁadl Ho%rteg? rpsregl ster

ranged from2 to | ess She 8D
L8cation, the d@ﬁﬁ%ﬁ’é@%‘ Mlthﬁitﬁg’{@ql]sgréméﬁemagﬁegltaeertetsﬁan t he

controls. On-aveirdes ébﬁefféﬁc@@rfésss Walqn%aéﬂe%&%t@fewan @ig egi ster
than did the control panels for_the Y orientatjion shhock test. In the face.

up (FU) positi orbe t FRIEFRh PERELT L9F ey S PFigRsREd o Shosdk t8Stel s, with
_I ess msr eg| st eInithé htacenipr (Pod s itiom,Dthd Qropnaded Ireeailitens, '

— also favored the test panels, with less misregister

15 in the ‘center and at the 2D, 3:00 and 4D locations,
but slightly greater misregister than the control
panels at the 8D, 9:00 and 10D locations. In the
face down test (FD), the test panels fared worse
than the control panels, but all performed poorly.

20 Static load test results for two
'addltlonal control tubes, made w1th conventional
welds, and two test tubes, having the springs
attached to the plates using the novel interlocking
extrusions, are listed in TABLES 2 and 3,

25 respectively. '
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but slightly greater
and 10D'l ocati ons.

than the control panels,

but all

m sregi ster than the control
In the face down.test .('FD)"‘the test panel sRIzmregl vr se
péer forned poord y. |
cbnt ol

test results for two additional
wel ds, and two test tubes,
t he novel 1interlocking extrusions,
respectively.
@ 2D 4D 3: 00 4D
0 0 0 0
1 1 2 1
15 3 1 0
1 1 LBS 18_2D — 20
2 -1 25 0 -?
-1 - 30 . -8 -
-4 - 35 -10 5 -0
-7 40 -17 -3
-11 45 -2710 -3
108 50 -3%5 -28
-31 55 -430 -39
-35
25 -4
30 ~8
35 -10
15 40 -17
45 -27
50 -37
55 -47
20
LBS @8 2D —2D
25 0 0
i} 10 0
15 0
.20 -5
30 ' 25 .—7'
30 -7
35 -9
40 -15
- 45 =25
35 50 -35
55 -49

- .

Sampl e Cl1 LBS
8D 9::00 10D 0
Sample C11 0 5 -1
0 10 0 0
15 -2 0o - 1
3:00 -3 ___4D 08D 9:90 -10Do
0 -3 1
QZ 0 "4 0 20
1.3 1 o 2 ol 44
o 1 1 0 3 -11 0
2 4 -2
0 9 1 g 1 _21 1
0 16 -3 16 0 02 -1
0 -3 1 2 -1
-1 -2 -4 2 -4
0 -3 0 0 -7
-1 0 -1 -11
=3 -2 -18
-8 9 -2 =31
-9 16 16 0 -35
Sample C12
3:00 4D 8D 9:00 ~10p
0 0 0 0 0
0 -2 0 0 0
-2 -3 -1 =2 1
0 -2 -1 -2 0
-1 -4 -2 -2 -3
-1 -4 -2 -1 -2
-1 -4 -2 -3 -3
-2 -4 -2 -2 -8
-3 -2 0 -2 -12
-7 3 -5 =20
-9 4 7 -6 =27
-13 17 17 -6 -40
- 12 - This Sheet Has Been Rep
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panel s. at the 8D, 9:00

Stati'c | oad
tuhes..nadé wt th conventi ona

having the springs attached to the plates using
are Ipzsd@e 2 n TABLES 2 and 3,



. Sanpl e C12 LBS @2D
" 9:00 10D
o 0 5
0 - 10 0
1 15, 0
0 20 -5
-3 25 -7
-2 30 e
-3 35 -9
-8 40 -15
- 45 LBS & 2B
-20 50 - -3%
- 27 55 -49
-40 : . 5
TABLE 3 10
3; 00 .D 8D
0 0 o 13
410 1 2 20
0 0 2
3 2 ; 2
0 -1 3 30
-1 -2 2 35
-3 -3 1
NGT -4 -2 40
175 ) -3 45
50
55
20
LBS @ 2D
0
25 5
3 10
: 15
20
25
30 30
35
40
45
50"
35 55

3:00 4D 8D
0 0 0 RCa 86,007
: 0 . -2 _ 0o - 0
: '.'-: i L - 1 - 2
TABPLE 3 -1 -2
-4 -2 -2
-4 -2 -1
Samplg T13 -2 -3
-4 -2 -2
-2 ) 0 -2 '
3:00 _g4D —8p 9:00 5 10D
o 4 o 70 -6 0
17 17 -g
1 13 1 3
Sanpl e T13 0.BS @2Do 22D 6
0D 0 - 0
29° 3 02 o2 L5
010 0 -2 -1 13 5
_»,15 - _. -3 _ 2
220 1y 2 02 2
-425 -3 -11 -3 -2 1 3
-6 30 _g -15 _4 -4, -1
35 -21 -6
-6 40 -7 _92 =5 -53 -4
-6 -3 -2 -3 -9
-6 0 1 -4 -13
-8 3 -2 -19
Sample T14
3:00 —4D  __8D 9:00 -10D
0 0 0 0 0
8 10 7 5 4
4 7 8 5 6
5 7 8 5 6
4 7 10 6 7
3 7 7 5 4
2 7 7 5 5
] 5 6 3 2
-1 6 8 4 0
-1 6 9 3 -4
-1 11 12 4 -8
-3 16 - 17 3. -13
- 13 - _This Sheet Has Been Rep
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45 -27 -6 -

o 3 -2 -3 -9 |
" 50 - -34 -6 0, .: B -4 ' RdB 86, 907
55 °  -43 -8 3; ¢+ 3 .. -2 . -18
Sampl e T14 LBS @D 2D 3:00.%, .. - 8D 9:00
10D .0 @n the staQic load teét, a push0was 0
20 ‘ g . exertecg against a87corner &PSthe frame, fhe 2D (ZE’ 6 4
15 2 o'clock) corner, dnd the difplacement dE the lightd
gg 0 1 source ghrough th% matrix ég?ings was g:ecorded' atz1
30 -4 the copners (2D, 4D, 8D and710D) and orp the major 5
28 'ig axis (iOOO and 9: %?) - All Eﬁ%dlngs wefe made abo&%
45 -1 9 25 mm_from the edge of the sgreen. TQe pushing _4
50 -23  force was increaddd in 5 pdénd (2.268 ¥) -~ -8
-37 -37 , 16 17 3.. . -13
14 | FRERERERESt APt e ST TS RRRFI AR L IIRIAKISRES nst .a cor ner

$10 t he frane, twer@DxéBopdetiock) corner, and the displacenent of the I'ight

source through the natrleggegh?gga ﬁﬁégé g?g gk {ﬂg eEﬂgé D, 4D, 8D

and 10D) and on the maj or “axi " made
about 25 nm fr o8 handdfed of wehe me¢bem1cahbyauﬁmﬂ¢)wathevuewekmreased in

? pound (2.268 k@) rusion interlocking the parts. The plates and
g _ springs of the control tubes, Cl1l and Cl2, were

15 ' joined by conventional welding. The plates of both
the test and control tubes were welded to the
shadow mask frame, as described above for the shock
test tubes. The interlocked plates and springs of
test tubes T13 and T14 offered more resistance to

20 displacement or misregister than did the welds of

the control tubes. This is concluded by comparing

the maximum displacements at a non-contacted corner

(10D), as the static load is increased from 40 to

55 pounds at the 2D corner. A 45 pound test load

simulates the forces on the mask-frame aesembly, if

the panel with the mask-frame assembly mounted
thereon is.mishandled during manufacturing and.the

@ v
12

mask frame is contacted.
With reference to TABLE 2, when a 40
30 pound load was applied. to the 2D corner of the
control tubes, the greatest displacement at a non-
contacted corner occurred at the 10D corner of the
control tubes, where the misregister was 11 and
12K, respectively. However, as shown in TABLE 3,
35 for the test tubes, an equivalent load of 40 pounds
at the 2D corner resulted in displacements of 4 and
ou, resﬁectively, at the 10D corner. When .the load

- 14 - ) T .
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I ncrements, and the correépOnding di spl acenents were recorded.
* The'pl ates and springs of the test: tupes, F13-amd Tl14, were neggﬁnbgagby
j oi ned by the novel .extrusion |nterbock|ng-the parts tThe plabes-an

-----

springs -of .the control tubes, Cl1:2and: Cl2, ‘vwerg* jOIﬂed by, conventlona

wel di ng. The pl gtesnal 260bBrhbe 485t iARH50048M 0 $sihasunes e wel ded o the
shadow mask frame, as descgri bed above for the shocﬁ test tube The

i nterl ocked pIaF@§r§ﬁH°§ﬁFPﬂg915P1?8§?e¥55e§tTﬁ%@ P OFRRF ¥ mor e
resistance to dt&plaen&ea& eubeksregret 86 &handoiid ddheshvebisirof the control
tubes. This is aring l.ace at a

non- cont act ed c§§§g ?105 %régg?héhgt%%gglgg Q%?%%$é§§eg§$%%nw4o to 55
pdunds at the 2Dubesnuerern5yp@ﬂndndeéﬁutoadSBe@m#v§¥$,t¢ﬁe$hnwms on the
mask-frame asseql y ghe panel with the mask-frane assenbly nounted
thereon is n1shandlgg urlng manuf acturing and the mask frame i s contacted.
Wth reference to TABLE 2 Whiden thesdnyentdonohaswhserppesegibedt he 2D

corner of the C%_ﬁ:holre%%Q%% tbhguﬁb&@{:eﬁéaﬁbsﬂbé‘&@é@%n dhé M@for contact ed
corner occurred at. the 10D corner of- the control bes, where the

i sregi ster wasaig Eﬁ&oszéﬁﬁ]OfrEgﬁeEFPGél?nd QA S SRR in TABLE
30for the test a@tsbe@,lyantmusupbeat ineaﬂsoaléa ROVINSS ds Lthbordd cor ner

oo §ho | D *Be?GRHRE Lohctof%ofl EhE) pahSIPRRY! Mg mafl hiind °p, S "
I ncreased to 55apsemﬂly coasespowdi hg Higpl.abenénasdal, ttiwe 10D corner for
e oo o P ShoplEendRnd A4 10REL! IncERasloup LoTA0k ceRe PO cas, ! he

Adi spl acenments for-thé test tubes were err], respectively, as
shown corners of the mask-frame assembly 30' and panel
15 12°. Components that are similar to components in

Figs. 1-4 are labelléd with primes of the same
number. Each support means 34' includes a stud
'44*, a spring 46' and a plate 48'. Each plate 48°'
is welded near one end at a truncated corner of the

20 frame 32'. The welds may be conventional, or a
pair of novel extrusions at poihts 53' and 54°,
which interlock the frame 32' to the plates 48°,
may be used. The spring 46' is attached at one of
its ends to the other end of the plate 48' by

25 ' extrusions at locations 50' and 51', which
- interlock the parts together in the-manner shqhn in
E} _ Fig. 4, for the first embodiment. The spring 46°' .

includes an aperture 60' near its free end, which
engages the conical portlon of the stud 44°'.
30 . The plate 48' is of laminated bimetal
' ‘ construction, as shown in Fig. 6. One metal layer
48a‘', facing the frame 32',.is a high thermal
expansion material, and the other metal layer 48b',
fécing the spring 46', is a low thermal expansion
35 material. The spriné 46' and the plate 48' each
' provide a contribution to the compensation
necessary to move the mask-frame assembly 30'

P 15 -
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in TABLE 3.

shadOM/nask f
ot her locatio

of the naSk f
to components

Whi'l e the invention has been described with respect
to support neans |ocated on the raj ot and:ni‘nor axes of the pacel gando7
rame assenbly, the suppbrt ngans al so may be p05|t|oned at

ns on the panel andithe: mask<kriane assenmbly. As shown in Figs.
5, 6 and 7, the«supor toedhe 34reane toctoupenasteatdr ofhetreai our corners

r §ﬁﬁﬁﬂp| e ﬁggkp?ﬁe|d&%ﬁnnggpg %#@ Sathgt are sinilar

in 1 gsS. are

rimes esmmermr

Each- support mé&es e3¢el'!tn@lfu&é§ gontygdbunionyg efrthe IWBrirgdeardpl ate 48
Each plate 48 ﬂﬂ%‘ﬂﬂd%%d1%5@stQ§b€BdiﬁtUaStrPQEatﬁ@ coJ 06, 935 he frame

32' . The weld
§§' and 54',

The spring 46
48' by extrus

spring 46' in
coni cal porti
bi metal const
frame 32', is
48b', facing

spring 46" an

S nay be conventi onal

or a_pair _of n vel extru5|ons at points

whi $3P & 5 R3Garre gFan@n3§°Vtosthé tates 48, may be used.

is attached at one of

its ends to the other end of the plate

ions at locations 50 and 51', which interlock the parts
together in the -manner shown in Fig. 4, for the first ‘enbodiment——The

cl udes an aperture 60
on of the stud 44'.

ruction, as shown in Fi
a high thermal expansi

near its fre i.ch enga es the

' The p m nat ed
g. 6. One neta l acing t he
on material, tal |ayer

the spring 46', is a | ow thernmal expan3|on naterlal The

d the plate 48 each pr

ovide a contribution to the

conpensati on necessary to nove the mask-frane assenbly 30[err].

16

MQ
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relative to the screen, to conpensate for thernal
" during tube operation.

=
L

on Nov. 5, 1991. IO Q7 : Y M

color picture ¢

panel w th-a cathodol um nescent, scree e | | surface of
sai d panel, a color seleciron él88§§53%9%§€€%b€§5§k5ﬁk%gﬁfﬁég%éced rel ation
to said screen, evadubtosd egbd ys besivalape heatind & fiagepdase PR Sdpport neans

| ocated at peri

sai d spaced positions In

(33

ube including an evacugLAdMEl ass envel opé “havi ng a faceplate

vl al lda%ﬁ?@&@ﬂ:ﬁﬂ?ééé&fbs,scﬁ& HirpRsled@an@nat each of

characterized by said spring (46, 46') and said plate 8, 48') .being
mechani cal |y j ofdtd BGrePRer Potdi 33° ]rmg?eo’ﬁg, %Derﬁ"gﬁcgég r?&lé%li d sprin

and said plate
al ong one edge
The tube as des
pel (12) isr
“support neans (

Pty

15

i@ﬂ@lhﬁf Shppobt shedrsl baeated cratpeniphleas113l, 50', 51',)

expansi on of the mask 24’
The extent 'of,the cpntribputions of theRIx 88} |
the'plate is described in U S Pat.'No. 5 D63,325 :issued tpo Ragland, Jr.

A

| . uding a_stud attached to _said panel,, a spring and
asSpl ate, said stRtexiorisprircactesais Lanely & €005 § ¢ having a
stud- engagi ng @Peet Addd Nes sémh 1@ NEbErRi<h PlmipdiRid¢edatdiond tioo sai d franme;

g

52 2' . Of i d [ ' |l at e.. 2.
P?S%‘g ?ﬂgt‘:gé?ﬁ?li, ssﬁilr n'%fpgoplﬁ"z é@aﬁinéataﬁ:afe ach £% acep| ate

saldngpaaedapdsitioperiptiading & mEtout afddahieashdof said
341q2hEndi oG 9pRERS ALY Sishased sldespHimpivkRanel
attached to said plate, said spring having a stud-
engaging opening therein, and said plate being

secured to said frame} characterized'by said spring

(46, 46') and said plate (48, 48') being

mechanically joined by ex;rusions interlocking said

| spring and said plate together at two_spaced apart

20

- 25

)

30

locations (50, 51, 50', 51') along one edge
(52, 52') of said spring and said plate.

_ 2. The tube as described in claim 1,
characterized in that said faceplate panel (12) is
rectangular and the peripherally spaced positions
of said support means (34) are along opppsitely

‘disposed sides of said panel.

3. The tube as deécribed in claim 1,
cha_récterized in that said faceplate panel (12') is
rectangulér and the peripherally spaced positions
of said support means (34;) are in the corners of

said panel.

Y “ﬁfﬁimi‘iilfﬁﬁ’ i
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3. The tube as described in claim1, characterized in that said facepl ate
panel (12') is rectangul ar and the perlpheralIy.spacedcposxxlonsReB §@|g07
support _neans (34') are in the corners of sakd panel cs <

18 4. The tube as descri bed 1n cla|n11, characte?lied Fh fhat

said plate (48, I48 %( i s rrecgaanl catle/ ﬂxﬂien%% fh%si&ll‘ﬂ)efdr dme cil3dm 32°) by g
extrusions interl ocki ng,sai ate i [, af _two space
apart points (53, C%’ a%§erl cRaE 3814 g teTkgg E@ hst¥escribed in
claim 4, CharactemﬁzbdnunaﬂhatJsanddspacedlapﬁrameo(mzs 3538) by, 53, 54')

are along an edge ity i5ek Qheshdophabesd i pffcd SREOSHLE Ehfgne cdoe

(52, 52') attached to sai

19 5heta| | ayer otoggitepl ate tvoi spaseduapart opebntisf (93e; S€haddti eri zed by
said spring (46, 4@+) and said plate (48, 48') being mechanically joined
toget her by extrusions interlocking said spring and said plate together at
two spaced apart | ocations

5. The tube as described in claim 4,
characterized in that. said spaced apart points (53,
10 _ 54, 53', 54') are along an edge (55, 55') of said
plate (48, 48') opposite the one edge (52, 52')
attached to said spring (46, 46').

6. A color picture tube including an
15 evacuated glass envelope having a rectangular panel
with a viewing portion and a peripheral sidewall
connected to said viewing portion, a
cathodoluminescent screen comprising different
color—-emitting phosphor elements disposed on an
20 interior surface of said viewing portion of said
panel, a rectangular shadow mask assembly within
said panel mounted in spaced relation to said
screen, said shadow mask assembly including an
apertured portion and a frame, the apertures in
25 said apertured portion being in register with the
phosphor elements of said screen, said assembly
being mounted in said panel by support means
lbcated.at peripherally spaced positions, said
support means at each'of.said spaced positions
30 including a stud attached to said sidewall of said
pahel, a spring and a bimetal plate having a first
metal layer and a second metal layer in
face-to-face relation, said metal layers having
- different coefficients of thermal expansion, said
35 spring being in contact with and attached to said
first metal layer of said plate, said spring having
a stud-engaging opening therein, and said second

- 18 -
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(50, 51, 50", 51') along one edge (52, ,52") thereof, said extrusions
ext endi hg fronlsald plate into said spring,«whergegby sald-sprlngﬁﬁﬂj&ﬁn397
pl ate are in contact along t he faC|ng gur f aces, theﬁeqf -theclﬂteﬁlooklng

ext r usi ons renderl ri and sdi.d piwate T esistgnt to shock i nduced
rotation, thereby T nlméfe ﬁ?% §§8Feb EhBanSERB*S§PeFPurdddof said

shadow mask (24, ﬁhﬂ@eéuuhanaqtqﬁmxemhby eshddespsing qab¢ 46rpeand2?).
7. The tube as éia}%? 54 &l Iyl ajgm, be‘l'ﬁg gEﬁEhESQ%‘éQ 40gheqal d
SItIO )

peri pherally space ns of said su are Tocated on
opposi tely di spos&sed bt ez sians| 1p;g;10ck1ng said springTamdt ube as

desgribed in claigni® pl*aa:rea%%feltm i Tr.%t sﬁabe Sﬁh?ﬁ%é&éhéﬂéced

ositions of said sup ort ans (34 ), are | ocat e e corners of said
Banel (12'). (50,751, + Pre )t GhengscresedgBedS2n 8R4I m 6,

characteri zed |nﬁHﬁﬁEdEaldaﬂbﬁb&t&%&;oﬁ& hxténﬂEﬁ apiedl k¥ilopL&det 0 said

frame (32, 32') £SXIIUS) Qns Jnterlocki L9 S¢ ate and said frame .
t oget her. at two g%hceéaéﬁgﬁp T3 8%t ¥heLs! y5§a1g3sgr5ag)an said 10. The
t ube as descri beglateclaaiemin cohseatt elongdthe fheingasdrgpaesd apart

0SS 5 honsy sHee MR ROR PR 8 EhB kel
spring and said plate resistant to shock induced
rotation, thereby mlnlmlzlng misregister between
the apertures of said shadow mask (24, 24') and
said bhosphor elements of said screen (22).
15 ' _
7. The tube as described in claim 6,
characterized in that said peripherally spaced
positions of said support means (34) are located on
oppositely disposed sides of said panel (12).
20
8. The tube as described in claim 6,
characterized in that said peripherally spaced
positions of said support means (34') are located in
the corners of said panel (12').
25
9. - The tube as described in claim 6,
characterized in that said plate (48, 48') is
mechanically joined to said frame (32, 32') by
extrusions interlocking said plate and said frame
30 together at two spaced apart points (53, 54, 537,
54') .,

10. The tube as described in claim 7,
_ characterized in that said spaced apart points (53,
35 54, 53', 54') are along an edge (55, 55') of said
plate (48, 48') opposite the one edge (52, 52')
attached to said spring (46,.46’j;
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