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screen 22 is preferably a line screen with phosphor lmes extendmg substantially perpendicular to the high
frequency raster fine scan of the tubs (normal to the plane of the FIG. 1). Alternatively, the screen could be
a dot screen as is known in the arl. A multiapertured color selection electrode or shadew mask 24 is
removably mounted, by conventional means, in predetermined spaced relation to the screen 22. The

65 shadow mask 24 is preferably a slit mask as shown in FIGS. 2A, 2B and 2C or a circular aperture mask as
shown in FIGS. 3A and 3B. An inline electron gun 26, shown schematically by dotted lines in FIG. 1. is
centrally mounted within the neck 14 to generate and direct a trio of electron beams 28 along spaced
coplanar convergent paths through the mask 24 to the screen 22.
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FIG 3Ais a plan view of a portionsof &‘shadow nask provided with circul ar
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40 conventional Invar (INV.1), an improved alloy (VO1) containing yttrium, and an alloy (V92) without yttrium.

\-‘{ TABLE 11
! : Composition Of Shadow Mask Material (wt.%)
1 45
COMPOSITION
 Type € _ Ma_ si P 8 Al b4 Ni Fe
' AK  0.002 0.30 0.01 0.016 0.009 0.052 - - -  Bal
INV.1  0.009 0.48 0.23 0.001 0.002 0,018 - 34.3 Bal
Vol '0.023 0.10 0.003 0.004 0.005 0.079 0.59 36.21 Bal
s V92 0.029 0.09 0.030 0.007 0.002 0.068 - 36.35 Bal

The etching tests were performed by applying suitable photosensitive films 31 .onto the opposite

3



Conmpared wi th a conventional Invar alloy, the inproved alloy has | ower
concentrations of manganese and silicon and these conpositional

di fferences, conmbined with a tr EE® 288&1RB1of al umi num are believed to
| mprove the etchabl ity and for mabi lity of the resul t ant shadow mask 24.
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- tube. All dimensions are in micronsBain). | NV. 1 ' 0.009 0.48 0.23 0. 001
0.002 0.018 - 34.3 ' Bal Vo1 0.023 0.10
0.003 0.004 0.005 0.079 0.59 -36.21 -Bal 55 V2 0. 029
0.09" 0.030 0.007 0.002 0.068 -IABLE 111 36.35 Bal The

etching tests geeR P&EtOEBEOfOAKABRIWI1NT Inviarafnd [Inproveds ALlayd il ns 31
onto the opposite 3 EP O 280 512 Bl surfaces of a shadow mask sheet 33
as showmm in FIG 4A First and second plates 35 and 37, respectively, are.
di spgsed in contact Wlabht ] shaOpwnringls sheUmdmat ed Biicthh th&tch
phot 0sensi ve. Rasik )
patterns t¥re 7 Josiaw P 1 i

phoggsensﬂt@\/esiiem; 31. Then, as shown in FIG 4B, the portions of the

filns; expoged to light gre rermved553t70 par g, al3lsy expqsee he gurdpaces of
‘the shadow mask sheet 33. "The configuration and . areas _of _the exposed

surfaces cB¥elpond to Bh& patternd+8d the P-d88 35 #d%B7. HrfHxposed
surfaces ofgihe shadow mask sheet Saa&re et oh@dof r om 2128 si des.3nd, after
a certain i od, apert gs 39 (ei h slit circul arg apert res) are
for med th-r@ﬁ_gh the shee TabI e IIIE.' st th?g par B s. ilj‘hgetch

t enp& at ur eRMaSidéOoUt [err] and the- speC|f| c gravity of the etch solution

10 was [er (Baune). G 4C, 4igh O s f the le refegs to the
si-de of - thé*shadow masll% T'gél ng thehe?eoctronlog?r?% and tzE%rPR' szf refers to

the side oINVh® shadowl@®mdR faci nd 994 phospghdBSscreed &7 t he Q‘Lﬁﬁ All
i rregsm oniygie i n mcrepssgerr). IitgqlgaFact ons 1@s AK Stedl | nvarasAnd

| npr oved I oys dt Openj n

Under 2kt ch 17.88¢h Sam}lge 47 qR@% 2.59 r23|§Se
Cut ' Dept h Factor "O' side AK

5. 37 in TABLE. I 3Rdercut refers to the Mieral amount of efddion HMhel shadow mask sheet under She

5. 47 40 photosensitive. iR 31. The etch factdr ks2defined as thelet€iBdepthldivided by the undercut. The3alldy
5. 86 materials Vo0 a®B?02 having lower céhcarirations of mangang&k a9 Bilican than either conventional3nmvar
5. 634 (INV.1) or th aBifihum killed (control) s@4!, show etch pErathdters ~omparable to conventional Invar and
aluminum killed steel.
' Additional tests were performed using six (6) sampie heals of iron-nickel alloys. The compositions of the
45 alloy samples are listed in TABLE IV and are substanttauy identical to each other except for the amount of
yttrium.
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30 "R' 5 de AK :17. 33, T 19.20 0.935

2.58 2.76 INV. 1 17. 33 19. 64 1.155

3. 07 2.65 35 V91l EP 0280512B117. 33 19. 58

1.125 2.81 2.49 V92 17. 33 19. 47
1.070 : 2.59 2.42 In TABLE 11l undercut refers to the | ateral

anount of erosion of the shadow mask sheet__under the 40 photosensitive
filnms 31. The etch factor is defi nedAREEJY ot ch dept h divided by the
undergut . @ ahhexoﬁaber i13on-MikkdNd NIy Bhiadby Mk Mt B{wows of
nmanganese a l'icon than either conventional Invar (INV.1l) or the

al um; Rdm ki | 1 ed (control) steel, show etch paraneters conparable to
conventional Invar and al um num ki COMPOSI®EON Additional tests were

per f rmsdusy _ . ) k , ) ,

conposi t i BAGEAE . T Toy

subst gt i MBLY |den0|0d.al‘0t @leaﬁﬂ’rodt H-é)r %ébtoq})r“l-rﬂé‘-'annunt Y %t?ﬂum 50

'35 4 280 T, L'id \610 @%#l@moﬁw Joo- Ni ckeds /9o opal Shadow
Mask I\/atgﬁsgl(wt 681 kol iy

S H63 | 0.901 <0.01<0. 014 01905 \R:001 <0.0pTD. 10,3197 Bad;
<0.005 Oy@Q3 <@.993 <0.01 <0.01 £0.005 O.CNL &D.d%w8 0/62L 35.780B&D1

<0 01" <0, 01 <0.0Q05_.0.00 < 5 V63
0001 <0V8E ~000Polo<fnDt FUE <M 019, <098 0 3F 3K, woe Ba1 VoS
<0 01 <0v@%. <0000D1 €.00MN <®.M15< M. 005 BHRYB ¢BHOH P \BE 35.70 Babo1
<0.01 <0.01 <0.005 0.001 <0.005 0.18 34.64 Bal V66 0. 001 <0.01
<0.01,40.005 0.001 <0.005 0.17 35.70 Bal 20 Both the yttrium containing
sanpl 65 (Vg ﬂmco\{@mn a&ﬁbnssh@aﬂ%ung%é)laumhs AGH-yAilth BéhtafigRarmslesWsl and1d
V62 Wer eydrsdrs testedfor BinaBilRY.| byl Walubiig @ipiHgbkitk ion 0.18 i (UP08.GAch)Okick) st sampidsD. 006
i nah) t N SrgBRki wid ReaBISERr coldnblied Ghisids andifor SeRfpRs hamdaibdst 860700 (1681 FE Thestastp| e
and Tior GaERbIMENBE abBfingaoneSdA of Ge strb MBQisplcingTihe frbe sids90te The pidp ey thenl by
cl anpizngreasdeand tef arglier didpiacgmenn srasi mopuad ify thé esldasee poitnid rfiast inptancPhighrea r i p
was tlhensaniples wetecasssgtochard thédresuits guaraged. dine pisuitseatthettesisaare pusemarizesidn TABHS e

rel ease pwivit. I n nost instances, three sanples were neasured and the

resul ts averaged. The results of the tests are summarized in TABLES V and

VI. 30 35 40 45
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50 55 EP 0280 512 Bl TABLE V Iron-Nickel Cold Rolled Alloy Sanple

Springback * Aver age V61

87. 89, 88 EP 0280 512B838 10 V62

88. 87. 87 ' 87.5 V63

88. 89.5. 89 89 V64

89.5. 87, 88 IABLERY 15 . V65

89. ..89.. 87 Iron-Ni%kel V66

88, _88.5 88.5 2 88.5 20

TABLE VI Iron-Nickel Annealed [&Pif Rolded Py e

Spri ngback Aver age V61

87, 85.5, -* ' 8@ V62

88. 87.5. Sample Springbackgy o g0 . Average
88. !87. @A 87, 89, 8886.5 V64 88
86, 88. 88 87.5 V65

87. 87. g¥62 | 88. 87. 8757 5 35 v687-5
87. 87.5ve87 88, 89.5, 8% * Only two an®8al ed V61

-sanpl es tq;éo‘fd. The springback of gghg, yghri gg containing saggl es (V63-V66)
was conparable to that of the non-yttrium 40 containing sanples (V61-V62).
As eX¥pect &85 anneal i ng general |y Béerﬂaseﬁ"t he Springback o8& h the
yttriumcgpggi ning and non-yttriugggogeasni 8g.sanpl es. Addi tggasal tests
were run to determ ne the oxidation characteristics of the alloy sanples
and an alum numkilled control sanple. Al sanples were steam bl ackened by
exposing the material sanples to steIARBLE ®I0 C to forman oxide |ayer. The

oxi de thickness is the peak oxide thickne, d all sanples 45 had area
of no visible oxide. A desirable oxﬂa‘g*trbﬁf%ﬁﬁgss is about 1.5 . '
[err](mcron). Oxide |ayers thAnneadedo86OnICcRIIOYI t o peel and generate
partiicl es, whereas very thin oxide |ayers degrade image contrast. The
oXxi dation test are summarized in TABLE VII1. 50 55 EP 0 280 512 B1

| Sample springback Average
V6l 87, 85.5, -* 86
V62 88, 87.5, 87.8 87.5
*  ye3 88, 87, 85 86.5
vea - 86, 88, 88 .87.%
V6S . 87. 87. 89 87.5
5 V66 87, 87.5, 87 - 87

* Only two annealed V61 samples tested.

The springback of the yttrium-containing samples (V63-V66) was comparable to that of the non-yttrium-
40 containing samples (V61-V62). As expected, annealing generally decreased the Springback of both the

. yitrium-containing and non-yttrium-containing samples.

\_/1 Additional tests were run to determine the oxidation characteristics of the alloy samples and an
| aluminum killed control sample. All samples were steam blackenad by exposing the material samples to
| steam at 600°C to form an oxide layer. The oxide thickness is the peak oxide thickness. and all samples

4 had areas of no visible oxide. A desirable oxide thickness is about 1.5 um (micron), Oxide layers that are
too thick tend to peel and generate particles, whereas very thin oxide layers degrade image contrast. The
oxidation test are summarized in TABLE VI
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TABLE VI1 Oxidation In Steam @[ ERR] 5 Surface Oxi de

El ectro- Oxi de Roughness Thi ckness pol i shed*

Thi ckness 10 (B9 28R51A BT un(mi cron) um( i cron)
um(mcra;} 0.5 5.50 -- 15 V61

0.5 1.64 0.47 V62

0.5 1.76 V63 0.5 _ 1.87 --
1.32.4/64 0.5 JABLE VII

1. 4465 0.5 oxidation Zs’steam @ 600°Cc -

1.35 Vg6 .0.5 1.64 --

1.40 ¥ Not neasured for surface roughness. 25 **  For AK

st eeI- steam bl ackgaiegeeusi Ng Ohdide aboveEysErrRL er s ggygluces an

oxide, Sierr] a0 RoubRpis TRRTSNEReN . BeXiihddl Miicknegs SO 2

gas ateosphere is u€Bd) The aluminumkilled steel had a peak oxide

t hi ckness adgubyk , : , Ao at of any ‘ 6 4 | ron-ni ckel
al | oy sanpl€s. [Ce TOougnness (Rd) O ¢ F arpres was about
0.5 [err] (M‘&’Fon) Adﬁr-Fl onal al Fo§°sarrpl es were eI ectropo-l-1 shed to
provide an yggential | yosgooth (O jees] (mcronl) surface. gl

el ect rdpol i gid al | oy 82 | es Werg 2Eeam bl ackened at 600 _C and the peak
oxi de thi ckhe$ses were afai n neas The yt i um cont ai m’ng

el ectropol iv8®d sanpl e8.%V63- V66)1ha7 oxi de t khi=cknesses rangeng form 1. 32
[err] (mcrm to 1. 44°[§rr] (mc ogl which is conS|dereg tisfactory;
whereagg, the non-yttrium 40 confalning el eciropol i shed 5aMpl e V61 had a
peak oxi de V& ckness ®-®nly 0.47L{87r] (nmicrem), and nonl.35

yttri um coRjgg ni ng el egtgopol i she? §4"pl e V62_had no-neasyr gl e oxide
forged on the el ectropolished surface. The ttr| um cont ai ni ng e

el ectropol i shed 2Ny ReafHEad Ma“bﬁﬁkcﬁxFEBQPﬁﬁéﬂness about three tines

?r eat}e? thag nm;)ﬁtdﬂ‘ ltatxnmum mmalsziéﬁaﬁineh?diableuesasa&res rhe oxide
aver! forned on the cont ai nj e S conprises a

maj or’ prop(ﬁ"tﬁﬁﬂ?‘(ﬁ:%e%’h %‘? gﬂﬁ %ﬁﬁe??ng"ﬂ;{g?ﬁ# and a mi nor
proportion Qn‘nmmntly.( =1 )olamilytanlemiqetthimkmsdeqt Yiﬁein: LoSudee

yttrium C?arloﬁ | Z}g‘ 3/63,34?@%|%¥ ? Qg&ggfceigagat t he oxi de

‘layer ¥s s oun tot e sur he sanp yttria
S(yttri-um oAit@esPBEr® iMiusdeds dispersed at interstitial sites throughout
the lattice of the alloy sheet. Based on the results of the ’foreg0| ng

Egﬁtz ? p Lgluﬁgm kJHgJ< Ea%:néaiﬁeeg& Je tﬁ%méss 0u§ tht\é%l ;%&lg Ctﬁ(‘;%} %%f a lof the
01-0.%, tau&g,egaﬁ)sias weé %@vﬁb Q,\Eseﬁm O on.

ot (,H MB»"?‘ driae, Of
apertur eshet 6‘dir6.§ éradl ARby s%pubsS@eré Giodin sraéwaﬁedce@%m bl 36 dokiDSideCthieunadsbSherg €d
by said sfucayusired kiné $iumcRRRRihG biBGropdlisted samples (V63-VeBPRadIbxial Blickidsied Yanging €t
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Claims

1. A shadow mask having a plurality of apertures thersthrough for use in a color cathode-ray tubse;
characterized by said shadow mask (24) comprising an
55 iron-nickel alloy sheet (33) consisting essentially of the following composition limits in weight
percent: C£0.04, Mn<0.1, Si<0.04, P<0.012, 85£0.012, Ni 32-39, Al0.08, Y50.6, and the balance being
Fe and impurities unavoidably coming into said |ron -nickel alloy during the course of production
_thereof, and
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containing alloy samples (V63-V66) it is believed that the oxide layer.is stabilized and bound to the surface
of the samples by ytiria (yltrium oxide, Y2Oa3).which is dispersed at interstitial sites throughout the lattice of
the alloy sheet. Based on the results of the foregoing tests. a preferred nickel content of 34.5-37.5 weight
percent is contemplated, as is an yttrium content in the range <0.5, preferably 0.1-0.2, weight percent. _
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Claims

1. A shadow mask having a plurality of apertures therethrough for use in a color cathode-ray tube;
characterized by said shadow mask (24) comprising an
55 iron-nickel alloy sheet (33) consisting essentially of the following composition limits in weight
percent: C<0.04, Mns0.1, SiS0.04, P<0.012, $£0.012, Ni 32-39, Als0.08, Y<0.6, and the balance being
Fe and impurities unavoidably coming into, said iron- mckel alloy during the course of production
thereof, and ‘
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8. Lochmaske nach einem der Anspriiche 1; 2 oder 3, dadurch gekennzelchnet, daB die Oxidschicht
40 " einen Hauptanteil an Maghemit (y-Fe20s) und Magnetit (Fe3Os) und einen kieineren Anteil an Hematit
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Revendications

4 1. Masque d'ombre comportant une pluralité d'ouvertures iraversantes devant étre utilisé dans un tube
couleur & rayons cathodiques caractérisé en ce que ledit masque d'ombre (24) comprend :

une feuille d'alliage fer-nickel (33) ayant essentiellement les limites de compositions suivantes en

pourcentage en poids : C<0,04, Mns0,1, Sis0,04, P<0,012, $50,012, Mi 32-39, Al<0,08, Y<0,6, ot lo

restant étant constitué par du fer et des impuretés qui surviennent inévitablement dans ledit alliage fer-

50 nickel durant sa production et,
une couche d'oxyde formée sur ladite feuille d'alliage fer-nickel, ladite couche d'oxyde étant
stabilisée et liée & ladite feuille d'alliage fer-nickel par de I'oxyde d'yttrium (Y2Os) dispersé sur les sites
interstitiels sur tout le réseau de ladite feuille d'alliage.

85 2. Masque d'ombre selon la revendicatio#ﬁ caractérisé en ce que les limites de la composition en
pourcentage en poids dudit Ni et dudit ¥ sont Ni 34,5 - 37,5 et Y<0,5.

3. Masque d'ombre selon la revendication 1 caractérisé en ce que les limites de la composition en

| | .
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