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[eX( BE 'CATHODE FCR ELECTRON TUBE Background of the Invention qquxalf;)
preSent invention relates to an oxi de cathode fer an electron tube suc
a cathode ray tube or inage pickup tube, and nore particularly, to a _novel
oxi de cathode for an electron tube having a.long lifetine. m; W

OXIDE CATHODE FOR ELECTRON TUBE

Background of the Invention
The present inventién relates to an oxide cathode for an electron tube
such as a cathodé ray tube or image picku_p tube, andl more particularly, toa
5 novel oxide cathode for an eleétron tube having a long lifetime.
| For a conventional th'e_rmoclectron emitting cathode for an electron
tube. thgére_ is an “oxide cathode® which inc_:li:dés an alkaline earth metal
:carbonalé layer fonﬁed.on a metal baée confaining Ni as a main component.
- Such an_alkal_ine earfh metal carbonate is éonyertc_ad into o'xide .during_an
, 10 | evacuating process -and is therefore termed an oxide cathode. An oxide
cathode works at reiatively low temperatures (700-800°C), since its work
- function is low. However, oxide cathodes have the problém of relatively -short
lifetimes.
FIG.! is a schematic sectional view illustrating-a strlicturc of a
15 conventional oxide cathode. A conventional oxide cathode c01npri§és a disk-
shaped metal base 2. a cylindrical sleeve 3 supporting the metal base 2,4. a
heater 4 for heating the cathode, and an electron emissive material layer 1
which is formed on the metal base 2 and is made of an alkaline earth metal
oxide as a main component. Such a conventional oxide cathode is
20 manufactured by closing up one end of the cylindrical sleeve 3 with the metal

base 2, inserting the heater 4 in the sleeve 3, and forming the electron _
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For..a conventional thernoelectron emtting cathode for an electron tube,
thére. is an "oxi de cathode" which includes an al kaline earth netal
carbonate | ayer forned on a netal base containing Ni as a naim conponent.
Such an al kaline earth.netal carbonate is converted into oxide during an
evacuating process and is therefore terned an oxi de cathode. An oxide

cat hode works at rel ati vel eratures (700-800 ce its
work  functPERYye "‘I?‘Bwal\f LP"V'\{‘ @8‘*@5&4&8 x‘ﬁ'é?/é)? Liéﬁéi g%ﬂ?é‘?#“g
relatively short [lifetines. FIG | is a schematic sectional view

i || ustrat i egrila nsttaluexides oofthe sudfanw efithonadtaldxdsde2.cat hode. A convent i onal
oxi de cat hode conprises a disk- shaped netal base 2. a cylindrical sleeve

3 supporting t h?hg‘%ﬁ@ﬂal Bﬁs%e2 2s k?cated on the sleeve 3 and supports the electron

~.

emissive material layer l It is made of a refractory metal such as mckel (N1)

‘St

or platinum (Pt), and contains a reducin_g element to facilitate the reduction of

- an alkaline earth metaf oxide. As a reducing element ié typically used a
reduéing metal, such a'é t.un_gslten (W), magnesium (Mg), silicon (Si) or
zirconium (Zr). ﬂxe'fedllciﬁg metals are generally used in combination with
each other.

10 The sleeve 3. which supports the metal base 2 and has a heater 4
therein. is typically made of a r'efractory_mctai, such as molybdenﬁm (Mo),
tantalum (Ta). timgsten (W) or stainless steel.

The heater 4, which is located inside the sleeve 3, heats an clcctron
emissive material layer 1 through the metal base 2. It is made of a tungsten

[} wire coated with alumina et al.

The electron emissive material layer 1, which emits thermoelectrons, is
formed on the metal base 2 as an alkaline earth metal oxide layer. A
suspension of a carbonate of an alkaline earth metal (Ba. Sr. Ca etc.) is
sprayed on the metal base 2. After the coating layer is heated by the heater 4
20 in a vacuum. the alkaline earth metal carbonate is converted to oxides.

Barium carbonate, for example, decomposes to barium oxide as follows:

BaCO, - BaO + CO, t This Sheet H;
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heater 4 for heating the cathode, and an electron enissive nmaterial |ayer
whirch is formed on the nmetal base 2 and is made of an al kaline earth netal
oxi de as a mai n conponent. Such -a conventional oxide cathode is -
manuf actured by cl osing up one_end of the cylindrical sleeve 3 with the

metal base 2, inserting the heater 4 in the sleeve 3, and formng the
el ectron

Then. the alkaline earth metal oxide is partially reducegi at a high
temperature of 900 to 1000°C. so that it is activated to have semiconductive
properties. In this activation process. tﬁe reducing element, such as Si or Mg,

‘.:onl'ained in the metal basé 2 diffuses .to move toward the interface between
5 the electron emissive material layer 1 cpmposed of the alkaline earth metal
oxide and the metal base 2. and then reacts with the alkaline earth metal
oxide. For example, barium oxide is reduced by the reducing elément to give
free barium.
BaO + Mg - MgO + Ba 1
10 4Ba0 + Si - Ba,SiO, + 2Ba t
The free barium derived from BaO becomes a semiconductor of an
oxygen vacancy type. Consequently, an emission current of 0.5 to 0.8A/cm?
is obtained under thé normal condition at an operation temperature of 700 to
8&00°C.
15 Generally. an oxide cathode operates at high temperature over 750°C
so free Ba. Sr or Ca vaporizes due to the high vapor pressure and an electron
emissive surface reduces while operating. In addition. as a result of a .
rcdué:tion of thé alkaline earth metal oxide. an intermediate layer of an oxide,
such as MgO or Ba,SiO,, is formed in the interface region between the
20 electron emissive material layer and the metal base and serves as a barrier.

The barrier so formed prevents the reducing element Mg or Si from diffusing

into the electron emissive layer, so that a sufficient amount of a free Ba
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em ssive material layer 1 which is nade of a m xture of at |east two_
.alkKaline earth netal oxides on the surface of -the-nmetal base 2. The
metal base-2 is located on the sleeve 3 and supports the electron emssive
‘material layer 1. It is nmade of a refractory netal, such as nickel (Ni) or
platinum (Pt), and contains a reducing elenent to facilitate the reduction
of an alkaline earth netal oxide. As a reducing elenment is typically used
~a reduci ngansoabe geuetataband s vapor{28, BamSnes Cants (hagdl todiel redfdled( Si ) or
zirconium (Zr). The reducing netals are generally used in conbination with
each ot her.gyriher, electith éh%@% &rrré’iﬁ'&l'z\ls%ul?ﬂﬂ@ﬂ HRi ﬂﬂ'&listﬁ)ﬁc%eoﬁtlﬁnd has a
heater 4 therein, Is typically mad refrac ory rreta such as

ol ybdenumh {\c/:tl)'znedlatc layer. Therefore, the intermediate layer contributes to the

L

shortening of the cathode lifetime and other undesirable results. On the other

N

hand. an excessive supply of the reducing eleme:nt.results in excessive
.re.,duction of Ba0, so that stable emission cannot be achieved.

- As described above, a conventional-o_xid¢ céthode ﬁas 'diSadvantages in
that its operation temperature becomés-highér during ﬁse’.‘ so the emission
efﬁcien_cy decreases to about 75% of initial c!lara_cteristic, and the exhaustion
10 - of electron emissive material shortens its lifetime.

Recent progress toward. the enlargement and higﬂ 'dualiﬁca;ion of the
picture tube requires a lﬁgh luminance and fineness of the tube. Accordingly,
a cathode of an electron gun needs to give an electron emission oé a high
current density and have a long lifetime. However. a conventional oxide
15 cathode has a sh(?rt lifetime in general, so it cannot satisfy such requirements.
An impregnated-type cathode, known to have a high current density
and a long lifetime, is manufactured by a complicated process and the .
operation temperature is 1100°C or higher, which is as much as 300-400°C
higher than that of an oxide cathode. Therefore. continuous efforts have been
20 made to lengthen the lifetime of an oxide cathode, which can be manufactured

casily and operates at low temperature.

In Japanese Patent Laid-open Publication No. sho 59-20941, lanthanum

This Sheet Has Been Reﬂ

“ AR




-

tantal um (Ta). tungsten (W or stainless steel. The heater 4, which
~isx<located inside the sl-eeve 3, heats an electron em ssive material |ayer
1 through the metal base 2. It is made of a tungsten wre coated with
alumna et al. .. The electron em ssive material layer. 1, which emts
thernoel ectrons, is formed on the metal base 2 as ‘an al kaline earth netal
oxi de layer. A suspension of a carbonate of an al kaline earth netal (Ba,
Sr, Ca et cis)dmﬂ rsequ)ae:demm bake inrdteafornnsé LaNipand LayQe sothat e | ayer is
heat ed by the heater in a vacuum the alkaline earth netal carbonate is

g)c:in\égr ;gd ¢ H?Fugégqﬁsthe |ﬁ’é‘l';1| EHE'&F ll?&r\%zﬁcegg%ranﬂ E&xcnﬁ%%?;@ﬁpﬁﬂﬁelh% bari um
not e’xhaust_ed. Brlt_ls:_h Patent No. 1592502 discloses an electron emissive
|.naterial for a _discha"r'ge lamp in which BeO and Y,0, are added to
5 Ba,_ Sr,CaWO, (where'-x is from 0.0 to 0.5). |

In United States Patent No. 4,797,593, at least one rare earth metal
oxide se‘lécted from the gfo’up‘ cdnsisting of the oxides of Y, La, Ce, Pr, Nd, |
Sm. Gd. Sc. Dy, Ho. Er and Tm, is added to the electron e_iniSsivé substance
containing at Iea;t Ba. in order to improve the electron émi_ssi_dn_

10 characteristic.

. The above-mentioned cathodes, however, do not make a _considera'ble
improvement in the short lifétime of an oxide cathode. Further; the..
manufacturing processes of the above cathode is not .alw_ays_ interchangeable
with those of the typical oxide cathode. Especially. changing the activation

15 process of the cathode is required. For example, in the-above US patent (No.
4.797.593). the rare earth metal oxide needs to-be subjected to a heat
treatment at a hlgh temperature in a reducing atmosphere before mixing thh

an alkaline earth metal oxide.

Summary of the Invention
20 An object of the present invention considering the above-mentioned

problems of the conventional oxide cathodes is to provide an oxide cathode in
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3 Then the_al kaline earth nmetal oxide is partially reduced at a hi gh
tenperature of 900 to 1000[err]C. so-that it is activated to have S
sem conductive properties. In this activation process, the reducing —

el ement, such as Si or My, contained in the netal base 2 diffuses to nove
toward the interface between the electron em ssive material |ayer 1

conposed ofwltibke aastkidki dlectear em:‘rmteatharaauedeuandntchmdnmlaﬂorbab@gm tiamgl t hen
reacts with the al kaline earth netal

by suppressing an excessive Ba vaporization, so that the lifetime has been
greatly improved, and the manufacturing process is interchangeable with a

conventional one.

‘St

To accomplish the object, theg'é is provided an oxide cathode according
to an 'eimlbod"ilnent of the present inventi.'on,' cbmprising:
| a metal base:
an electron emissive material iayéfcon’tainin_g at least Ba formed on the
metal base: and | |
10 means for heating the eiectron Qmissi\;e material layer,
---charactcriied in that the elcctr’o‘n'el‘r_-l_'is.sivéflﬁiaterial layer further
comprises at least one of a lanthanum b_xfde and a terbium oxide, and forms a
n¢ed1e-§haped crystal structure. |
To accomplish th.e'object, there is also provided an oxide cathode
15 according to another embodiment of the presenf invention, comprising:

a metal base:

an electron emissive material layer containing at least Ba formed on the

%
metal base: and

means for heating the electron emissive material layer.
20 characterized in that the electron emissive material layer further
comprises at least one of a lanthanum oxide and a terbium oxide, and that the

metal base is subject to heat treatment under a vacuum..
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oxi de. For exanple, bariumoxide is reduced by the reducing elenent to give
free barium BaO+ My -> MygO + Ba t - ~— 4BaO + Si ->
Ba[err]SiJerr] + 2Ba [err] The freebariumderived from BaO
becones a sem conductor of an oxygen vacancy type. Consequently, an

em ssion current. of 0.5 to O,8A/cnjerr] .is obtained under the nornal
condition at an OpErdtYYH ‘f'e‘#ﬁj{"é%wémo‘?x'qgé)rﬁ © 1@@&['&%'?: co_g!gmcd m
General ly, an oxide cathode operates at high tenperature over 750[err]C,
so free Ba. UigrelectrGa ansipsive 2escdaklayer i$ prdfeghd waperinpthegsnge ofind an
el ectron em ssive surface reduces while operating. In addition, as a -
result of 20.0001% to 5% by weight, based on the total amount of the electron emissive
"lﬁzltf:ﬁél‘_l;
5 In addition, the oxide cathode according to another embodiment of the

present invention, a metal base is preferred to be subjected to a heat treatment

at the temperature over 900°C, under a vacuum of over 10~%torr.

Brief Description of the Drawings
‘The above objects and other advantages of the breseht invention will
10 become more apparent by describing in det_aﬁ a 'prefenl'-red' enﬁbo_dimen_t thereof
with reference to the attached drawings in which:
.F.IG.I is a schematk sectional view illust’réting a conventional oxide
cathode:
FIG.2 is an enlarged schematic view illustrating an electron emissive
5 material layer of an oxide cathode according to an em.bodiment of the present
invention;
FIG.3 is a graph showing MIK change with respect to the tirﬁe, Passage
of an oxide cathode according to an embodiment of the present invention (a)
and a conventional oxide cathode (b); and
20 FIG.4 is a graph showing MIK change with respect to the time passage

of an oxide cathode according to another embodiment of the present invention
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reduction of the alkaline earth metal oxide, an intermediate layer of an
oxirde, such as MyG-or Ba[err]Si Jerr], is formed in the—-interface region
between the el ectron emissive material | ayer and the metal base and serves
as a barrier. The barrier so.formed prevents the reducing el ement My or Si
from di f f ugaingnd antomvehgoell ectdonatboide{b)e | ayer, so that a sufficient
anount of a free Ba 4 cannot

be generated and the vaporized Ba. Sr or Ca is hard to be refilled.

Further, electron em ssive current is also limted by a high resistance of
t he

Detailed Description of the Invention

. In an oxide cathode accdrding to the present invention, an electron
émissive material layer on a metal base further contains a lanthanum oxide

5 ,an‘d/oxﬁ a terbium oxide, ahd the electron emissive material layer forms a
nee_dlé_—shai)t:d crystal structure, or the metal base is subject to a heat
treatment under vacuum, so that the electron emissive characteristic becomes
stable and the emission s_tability is maintained longer than that of cbnventional
ones. |

10 R Lanthanum oxide and/or terbium oxide added to the electron emissive
materials containing at least Ba fc;t;ms a stéblé BaQ in the electron emissive
material layer after an aging process, so that the cathode has a stable electron
amission characteristic_.

In addition to the stable.electron emission characteristic due to the

I5 stable BaO. an adequate supply of a reducing metal has been considered in
order to lengthen the lifetime of an oxide cathode. Such an adequate supply of
a reducing metal may be achieved according to the following two methogs.
The first is to form a. needle-shaped crystal structure of the electron emissive
material layer. and the second is a heat treatment of the metal base. If an

20 electron emissive material layer forms a needle-shape crystal, a reducing

metal may diffuse at an adequate speed, so that a current density may be kept

This Sheet Has Been Reﬁlace




~

internediate layer. Therefore, the internediate |ayer contributes to the
shertening of the cathode |ifet+me and ot her undesirable results. On-the
other hand, an excessive supply of the reducing el ement results im
excessive reduction of BaO, so that stable em ssion cannot be achieved.

As descri bedpabolren enlmanednaiverfar acbongdima: Addenttvelyli Kadvginidgee in  that
Its operation tenperature beconmes higher during use, so the em ssion

efficiency ggﬁfagﬁﬁﬁsa FRURARUe R %2 Qhibjepl {d He ki iaahREASinder iRduiQhe

exhausti on ettron emssive material shortens its lifetine.
Recent progress toward.t

- 1 4 hi ts 11T
pi cture t ub&XFRSEING TPPAY M?Q%IFWS% ' p\‘HaY :bf%g?f gg‘l‘%%l g‘ﬁaiﬁ#&b@;leté]a%

Accordingly, a cathode of an electron gun needs to give an el ectron
em ssi on of prothiggd by the lanthanum oxide and/or terbium oxide may keep its stable

5 condition over a long period of time. In this manner, an electron emission
may be stabilized for a long tii'}‘x_g and the lifetime of“thg- oxide cathode may be
increased. |

In the present invention. as an ’elgctron emissive iﬁaterial may be used
a triple carbonate. such as .(Bal_.x,Si',Ca')CO:(,-. or a.double carbonate, such a‘s.

10 (Ba.Sr)COs. In ordér to add lanf_hanum oxide or- terbium oxide to an-e_léctron
emissive material. any lant_haﬂuin coxﬁpop.ﬁd or terbium conipound which can
be converted to oxide by heating may Se u$ed #s well as lanth#num oxide or
terbium oxide itself.

The amount of lanthanum oxide or terbium oxide contained in an

15 electron emissive material is preferred to be in the range of 0.0001% to 5%
by weight. based on the fotal amount of the elcc!ron émissive material.
'Lanthanum oxide or terb.ium oxide of less than 0.0001 % by weight cannot
achieve the effect of forming the stable BaO, and' so does not lengthen the
lifetime. On the other hand, lanthanum oxide or terbium oxide of more fhan

20 5% by weight may a_ggravaté the already poor conditi-on of the iﬁitial emission

| characteristic and thus decrease the effect of lengthening the lifetime.

Lanthanum oxide or terbium oxide, or both is contained in, for
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current density and have a long lifetine. However, a conventional oxide
cathode has a short lifetime in general,-so it cannot satisfy such

requirenents. An i npregnat ed-t ype cathode, known to have a high
current density and a long lifetime, .is manufactured by a conplicated .
process andanllfle. RROLFeLPtalePil@icurieonase o 0B SrITHCN, & ghelectroni ch is as
much as 300-4 O[err]é hi gher than that of an oxi de cathode. Therefore,

o e S T eGET TG D P OB S SR Lidsbummosiner on
' apanesi?mgﬁlt’a%mreld_ %iydéiggcﬁcmzut?iltria%g siu%a 'aNsOBa(w&)?,gérz(ng(iJ)z’ ol* %Lt(pf&im
i'|‘1. -pure water, and adding Na,CO, or (NH,),CO, as a precipit_ant to the nitrate
5 solution to co-precipitate as a carbonate of Ba, Sr and Ca. At this -
n@nufa'cturing process,. in accordance with such factors as the concentration
of nitrétes‘. the pH value, the solution témperature at precipitation or the
precipitation speed. the obtained carbonate crystal structures vary. According
10 an _e’m'bo_diment of' the present invention,' the above factors should be
(1 - controlled to form a r;ecdle-shaped crystal structure. Té the co-precipitated
tr-ipl.e .car_bonatc electron emiésivc material of a needle-shaped crystal,
lanthanum oxide and/or _terb.ium oxidé1 or lanthanum .compour-u.i and/or
.'t.en-*bium compound which may be converted to oxide by heating is added to
create a suspension. The suspension may be applied onto a metal base by
IS5 ° °  means of dipping, sp_ra'ying or sputtering to give an oxide cathode according
to one embodiment of the present invention.
In Iém oxide cathode a'céording to another embodiment of the present
invention. a metal base is preferred to be subjected to heat treatment at a,
temperature over 900°C. under a vacuum of over 10~%torr. Also, lanthanum
20 oxide and/or terbium oxide is contained in, for example, a co-precipitated

triple carbonate of (Ba,Sr,Ca)CO, as an electron emissive material.

The oxide cathode of the present invention is inserted and fixed in an
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5 is dispersed in a netal base in the formof LaNi[err] and La[err](err],
sosthat the strength of the netal base is not weakened and the reducing
agent therein is —not exhausted. British Patent No. 1592502 discl oses an
el ectron emssive nmaterial for a di schar% | anp i.n whi ch BeO and

Y[ err] g er¢lpciaor gaddadd taoheaBa srinferSed end fReddher slkeyahafter the elettrom 0.0 to
0.5 In United States Patent No. 4,797,593, at | east one rare earth

ot 2 al oxi dﬁn %ﬁL&g&ﬁﬂByB rﬁ%ll)%rglﬁoﬁegﬁ&??%bcéa RO cafodafe 8K ifteBleRiroN.  La, Ce.
SUbSt ance emissive material layer is decomposed to the oxide by the heater during an
‘Eyacuating process. Thereafter, an activation process is carried out_by.a
5 . conventional _manufacturing process for an electron tube.

The present invention will be descﬁbéd in detail by way of the
following exampies which are merely repfesentati_ve and illustrative of the
present invention and are in no way to be considered as l_iliii'tipg the invention

_to the spéciﬁc ex_amfnles‘._
10 (Example l.) |

To the solution of a mixture of Ba(I'\IO:;)z,-Sr(NO_q)2 a.n'd_ Ca(N03)3, in
which the ratio of-Ba:Sr:Ca was 50:40:10. a'mlﬁoﬁium carbonate was added to
form a co—preéipitaled célrbbnate_ of Ba. Sr and Ca. At this time, in order to
form a co—precipitatcd triple carbonate of a needle-shaped crystal strucfure,

5 the reaction condition was controlled as follows: the concentration of the
triple nitrates was above 0.6M: pH was controlled to bé above 8 with
ammonium hydroxide; and, when (NH,).CO, was used as a precipitant, the

_temperature of the nitrate solution was above 60°C, and the solution of
precipitant was dropped at the speed of 30ml per minute. To the co-

20 precipitated triple carbonate of a needle-shaped crystal structure, La,O, waé

added in the amount of 1% by weight of the electron emissive material

calculated as oxide. Further. a nitrocellulose and an organic solvent were
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containing at least Ba, in order to inprove the el ectron em ssion
char facteri stic. - ~--— The above-nentioned cat hodes, however, do not make a
considerable inprovenent in the short lifetine of an oxi-de cat hode.

Further, the manufacturing roces?es of the above cat thF i's not always
i nt er changéasreed ) pike ACSPOAS e e FleaIT OB M EIRYEEA Especi al | v,

changi ng the activation process of the cathode is required. For exanple,
in the-above U pitmstal bdke cortaitfidg 393nd Maewhsaasbad.t Themtthe abovee needs
to be subjected to a heat treatnment at a high tenperature in a reducing

at mospher %‘IIP[%I RLeGedd suspgn.w&l of (B R Ofissie Mhallr a‘?lwa%xsl»pqu—coated

on the base. dried to obtain an oxide cathode according to an embodiment of

5 the preseht invention.
(Example 2)
The same procedure as in Example | was repeated, except that Tb,O,
was added to the co-precipitated triple carbonate solution in the-amount of 5%
by weight _df the elecifoh emissive material calculated zis oxidc;,, to obtain an -
10 - oxide cathode accordiﬁg to an embodiment of the present inventioﬁ.
{Example 3)
The same procedure as in Example 1 was repeated, except that La,O,
was added to the co-precipitated triple carbonate solution in the amount of
0.0001% by weight of the electron emissive material calculated as oxide, to
15 obtain an oxide cathode according to an embodiment of the present invention.
{Example 4)
The same procedure as in Example 1 was repeated. except that Tb,0,
was added to the co-precipitated triple carbonate solution in the amount of
0.001% by weight of the electron emissive material calculated as oxide, to
20 obtain an oxide cathode according to an embodiment of the present invention.
(Example 5)

The same procedure as in Example 1 was repeated, except that the

" This Sheet Has Been R« laced
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Summary of the Invention An object of the present iLnvention
comsi dering the above-nentioned problems of the conventional oxide
cathodes is to provide an oxide cathode in

onger | RS o bbetithd b bR 809r4 45 the GRpere PR FrNPL SHRANAIa,C
lifetinme has been .greatly inproved, and the nmanufacturing process is
i nt er changehhilon i the @nosenedlilhdly weaight of the electron emissive material
calculated as oxide, to obtain an oxide cathode according to an embodiment of
tl:e; present inveation.
S - (Exam;ﬂe 6)

A Ni-metal base containing Si and Mg was subjected to heat treatment
at 1000°C, under a vacuum qf over 10~ Storr.

To an electfon emissive material of a co-precipitated triple carbonate,
La,0; was added in the amount of l%l by weighf of thg electron emissiQe

10 ' ﬁ1ateriél calculated as -oxide. Further, a nitrocellulose and an organic solvent
were dispersed to make a suspension of an electron emissive material.

The above suspension was spray-coated on the heat—treéted metal base,
and dried to obtain an oxide cathode accord'mg to another embodiment of the
present invention.

15 ~ (Example 7)

The same procedure as in Example 6 was repeated, except that La,O,
was added to the co-precipitated triple carbonate solution in the amount of
0.0001% by weight of the electron emissive material calculated as oxide, to
obtain an oxide cathode according to another embodiment of the present

20 invention.
( Ex\ample 8)

The same procedure as in Example 6 was repeated, except that La,0;
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To acc-orrpl I sh the object, there_is provided an oxi de cathode according to

anzenbodi nent— of the present invention, conprising:- a netal base:
an electrom em ssive material |ayer containing at |least Ba fornmed on the
nmetal base; and means, for heating the electron em ssive materi al

layer. was addpdiadbe ﬁpz@gcmﬁateﬁa&rlm%a@@é@r shueen &1 theeamauat PP % ayer
further conprises at |east one of a | anthanum oxi de and a terbi um oxi de,
and for meph@ wéloRAbE tishelkedofi lensiksive Thatefiléfculated as oxide, &5 6Bk afh t he
object, there i's al so provided an oxide cathode according to another

embodi rrenEm%L Eatleocper ggc%rllctimgnt\cl)ean&dtﬁef emgn&ment ot the present invention.

FIG.2 is an enlarged schematic view lllu_stratmg an electron emissive

.

‘N

material layer of an oxide cathode maaufactured according to Example 1.
FIG.2 shows that the electron emissive material manufactured in Example 1
forms a needle-shaped crystal structure. |
In order to evaluéte the 'cIiaracteriStics of the oxide cathode of the
present inve_htiqn. the oxide cathode mgnufactumd éccording to the ab0v§ is
10 - inserted and fixed in an electron gun, and a heater is inserted aﬁd;ﬁxe;d in a.
sl'eeve'. After the electron gun is sealed into a bulb for ém elect'rdn iube_, the
carbonate of ihe electron emissive material Iayef is decomposed to the oxidé
| by the heater during an evacuating process. Thereafter, an activation process.
is carried out by é conventional manufacturing process for an electron tube,
15 and its electron emissive characteristic is measured.
An initial electron emission characteristic is evaluated by MIK
(maximum cathode. current) which is the maximum current emitted by a
cathode under a constant operating condition. A lifetime characteristic is
evaluated by the amount of decrease in the current when a cathode installed in

20 an electron tube is operated continuously for a ccertain length of time under

constant conditions. That is. it is evaluated in terms of MIK consistency for a

constant period.

This Sheet Has Been Re
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a nmetal base: an electron em ssive material |ayer containing at

| east Ba forned on the netal -base: and nmeans for heating the

el ectron em ssive nmaterial |ayer. characterized in that the

el ectron em ssive material |ayer further conprises at |east one.of a

| ant hanum oxi deFEa@ & a graptushaoxingeM IKnchangatwitihecspest & tisagwei of digbj ect to

heat treatnent under a vacuum .

' oxide cathode manufactured according to Example 1 (a) and a conventional
oxide cathode (b). As shown in FIG.3, an oxide cathode according to a_n
ciimbodiment of the present invention has an effect on lengthening lifetime by :

5 20% more than a conventional one. 'fhe oxide cathodes manufactured
according to Ex_amples 2 through 5 also show that they have equal effects on
the lifetime.

FIG.4 is a graph showing MIK change with respect to the time of an
oxide cathode manufactured according to Example 6 (a) and a conventional

10 - oxide cathode (b). A.s. shown in _FIG.'4. an oxide cathode according to another
embodiment of the present invention has an effect on lengthening lifetime by
-20% more than a coqvéntional oné. The oxide cathodes manufactured
according to Examples 7 and 8 also show that they have equal cffe'(:ts. on the
lifetime.

15 As shown above, the oxide cathode according to the present invention,
which is characterized in that the elg:ctron emissive material layer contains a
lanthanum oxide and/or a terbium oxide and forms a needle-shaped crystal
structure, or which is characterized in that the electron emissive material Jayer
contains a lanthanum oxide and/or a terbium oxide and that the metal base is |

20 subject to a heat treatment under vacuum. has an effect on lengthening the

lifetime, and has a manufacturing procedure interchangeable with a

sonventional one. .
conventional one This Sheet Has Been Reﬂlaced
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7 The anount of the | anthanum oxide or the terbium oxide contained
in-—the electron em ssive material layer +s preferred to be in the range of
0-0001 %to 5 %by weight, based on the total anount of the electron

em ssive nmaterial. In addi tion, the oxide cathode according to .
anot her enbodi m¥hilothe hessept wention ag b particulart nishowseandsdescabedr ed t o
be subjected to a heat treatnent at the tenperature over 900[err]C, under

a vacuum 0(\|ﬂl\/?é'lx.|3&{g@rlf)]ﬁa9ﬁéular enBoliRhes I6EBE.| @RVl bd NRIENHANGE
The above obj ects and other advantages of the present invention wll

those skilled in the art that various changes in form and details may be

effected therein without departing from the spirit and scope of the invention as

Thllsllslliietlliiilfm 1

5 o defined by the appeided claims.
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becorre mor e apparent by descri bi ng in detaj Imed enbodi ment__t her eof
wi £h referenee to the attached dra FIG | is a
schematic sectional view illustrat mm,m&mﬂm H oxi de cat hode:

FIG 2 is _an enlarged schematic view t|lwstrai ng ai el ectron em ssive

material | aWdratas clmmediisie cat hode according to an enbodi ment of the
pr esent I nventi on; FIG 3 is a graph show ng MK change with

respect to the t|m,p@,g,aggﬁthodéfL(ﬂﬁpﬁgqhge cat hode -according to an
enbodi mrent of the present invention (a) and a conventional oxide cathode

(b); and Is a graph showing MK change with respect to the
time passage a mclacﬁ éa _

an electron emissive material layer containing at least Ba formed on the

L8

S metal base; and

means for heating the electron emissive material layer,
characterized in that the eléctron emissive mateﬁai layer further
co'mpris;cs at least one of a lanthanum oxide and a terbium oxide, and forms a
needle-shaped crystal structure.
10 ' 2. An oxide cathode as claimed in claim 1, wherein the amount of at
| least one of a lanthanum oxide and a térbiun‘i oxide is in ih_e range of
0.0001 % to 5% by weight. based on the total amount of the'eléc.tron emissive
material.
3. An oxide cathode comprising:
5 a metal base;
an electron emissive material layer containing at least Ba formed on the
metal base: and
means for heating the electron emissive material layer,
characterized in that the electron emissive material layer further
20 comprises at least one of a lanthanum oxide and a terbium oxide, and that the
metal base is subject to a heat treatment under vacuum.

4. An oxide cathode as claimed in claim 3, wherein the amount of at

— P
———

o il




of an OXI de cat hode accord| ng t nt of the present

I nvention mmﬂe 8 (a)—and a
conventional oxide cat hede (b). Lal s scrl ption of the Invention
In an oxi de cathode according to the present i nvention, an electron

eni ssi ve metafeic 4wbyéambmmanml@sr andgeteflinphekideontinithe rangeaef hanum oxi de

0.0001 % 10 3% l)y weight. based on the total amount of the electron emissive
material.

_ 5. An oxide cathode as claimed in claim 3. wherein the metal base is
& . . . B .

5 subjzcted to heat treatment at a temperature over 900°C. under a vacuum of

~over 10™%orr.

. This Sheet Has Been Reﬂlaced
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and/cor a terbium.oxide, and the electron em ssive material layer forns a
needl e- shaped crystal structure, or-the netal base is subject to a heat -
treat ment under vacuum so that the el ectron em ssive characteristic -—
becones stable and the em ssion stability is maintained |onger than that
of conventi gdaitrachpédhe Inventionl ant hanum oxi de and/ or terbi um oxi de added to
the electron em ssive nmaterials containing at | east Ba forns a stable BaO

in the electron qyi, ﬁ,SJN& Jm&fau LQJm,k@«xﬁ& aaﬁ&?ﬂ pARe 241 BRCRLAGRRRSIVEO that
t he cathode has a stable el ectron e ss ion characteristic.

addition to the sfable electron racteristic due tp the stable
800 i adoANAIEEAL AT FOBRBINE JeAsh B dhraed ok o el dyes caida mians

for heating the electron emissive material layer. the electron emissive material

&

5 layer further comprises at least one 9f a lanthanum oxide and a terbium oxide,
and forms a needle-shaped crystal structure. or the electron emissive material
layer further comprises at.least one of a lanthanum oxide and a terbium oxide,
and the metal base is 51(_bject to a heat treatment under vacuum. The oxide
cathode has an effect on lenglhéning the lifetime. and has a manufacturing

10 procedure interchangeable with a conventional one.

—————
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order to lengthen the lifetinme of an oxide cathode. Such an adequate supply
of - a reduei-ng metal may be:achi eved according te-the follow ng two

met hods. —The first is to forma needl e-shaped—crystal structure of the

el ectron em ssive material layer. and the second is a heat treatnent of
the metal base. If an electron enmissive material layer forns a

needl e-shape crystal, a reducing nmetal may diffuse at an adequate speed,
so that a current density may be kept

9 wup with an enhanced value for a long tinme. Alternatively,

if a netal
base

~ FIG.1
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contvai ning a reducing netal is subject to the heat treatnent under vacuum
the "~excessive supply of—-the reducing netal nmay be prevented;—so that
stabl e BaO produced-by the | anthanum oxi de and/or terbium-oxide nay keep
its stable condition over a long period of time. In this./manner, an

el ectron em ssion nay be stabilized for a long tine and the lifetine of
t he oxi de cathode may be i ncreased. In the present invention, as
an electron em ssive material may be used a triple carbonate. such as
(Ba,Sr,Ca)CJerr], or a double carbonate, such as (BaJerr]Sr)CJerr]. In
order to add | ant hanum oxi de or‘taFﬁk:prEEide to an electron em ssive
mat eri al, any |anthanum conpound. & . Hrm conpound which can be
converted to oxide by heating may be used as well as | ant hanum oxi de or

P M!K(%) “
100+
90 - |
80- ) ?-‘\~\
' T ~_ b
0 . s
60 -
o
T T = TIME(HOUR)
2000 4000 6000
FIG.4
MIK(%) |
B a
100 f=— | s
90 Tv—~_ |
80| S~ b |
70F .
60|

b))
(49

T T T — TIME(HOUR)
2000 4000 6000 8000 _
‘This Sheet Has Been Re m
(T Il
s :




oxi de contai n onjemi ssive aca'ptiqns pagefl el.r tedpaged
range of 0.00 1 oto 5% by wefght, basedjo ﬁ/ bt al paged toopaget
i et

t er bi um oxi de i WPMCEMENT : e amount |of BERLAGEMENGXS t@Cb%(1 o415 -0

tNAR 4997

el ectron em sgi  apt hanum o

owitgEE i papedX = ) han
0. 0001 % by wgi ht cannot achi pve the ef f BChbafact orn@a@dtm&o o Ji?;..,B O
and so does n¢t |engthen the || fetine. 1pn the ot her hand, nt hanum axi de
or terbium oxitde—of—nnre fhan % by wei Hr3N B e' ﬂ@hl read poor

condition of the initial em ssion chara¢

ef fect of |engtheni ng OKANE CATHODE FOR EHE\GMNnTUﬂEie or terb| um
oxi de, or both is contained in, for

Background of the Invention

Thé present invention relates to an oxide cathode for an el¢ctron tube
such as a cathode ray tube or image pickup tube, and more particularly, to a
novel oxide cathode for an ele.ctron tube having a long lifetime.

For a conventional thermoelectron emitting cathode for an é]ectron
tube. there is an "oxide cathode" which includes an alkaline earth metal
carbonate layer formed on a metal base containing Ni as a main component.
Such an alkaline earth metal carbonate .i,s éonverted into oxide QUring an
evacuating process and is therefore termed an oxide cathode. An oxide
cathode works at relatively low temperatures (700-800°C), since its work
function is low. However, oxide cathodes have the problem of relatively -short
lifetimes.

FIG.1 is a schematic sectional view illustrating-a structure of a
conventional oxide cathode. A conventional oxide cathode comprises a disk-
shaped metal base 2. a cylindrical sleeve 3 supporting the metal base 2, a
heater 4 for heating the cathode, and an electron emissive material layer 1
which is formed on the metal base 2 and is made of an alkaline earth metal
oxide as a main component. Such alconventional oxide cathode is
manufactured by closing up one end of the cylindrical sleeve 3 with the metal

base 2, inserting the heater 4 in the sleeve 3, and forming the electron



10 exanple, a co-precipitated triple carbonate of (Ba-S~La)C(err] as an
el.ectron enissive material. The co-precipitated tri pl%f’bwmwmg.ﬁ_jiﬁf'"’
conventionally manufactured by dissolving nitrates {sUch” el

Ba(NJ err])[err], Sr(NJerr])[err] or Ca(NJerr])[efr d[,f, e wat ér| and
adding Na[err]COeri] or (NHerr])[err]CO as a pre¢ipita ﬁ%"%ﬂe ifrate
solution to co-precipitate as a carbonate of Ba, Srja _this

manuf act uri ng process, in accordance yith such factprs as the concentjrati on
of nitrates, the pH value, the solutidn tenperature a tpH I

emissive material layer | which is made of a mixture of at least two alkaline
earth metal oxides on the surface of the metal base 2.

The metal base 2 is located on the sleeve 3 and supports the electron
emissive material Iayer 1. It is made of a refractory metal, such as .nickel (N1)
or platinum (Pt). and contains a reducing element to facilitate the reduction of
an alkaline earth metal oxide. As a reducing element is typically used a
reducing metal, such as tungsten (W), magnesium (Mg), silicon (Si) or
zirconium (Zr). The reducing metals are generally used in combination with
each othér.

The sleeve 3. which supports the metal base 2 and has a heater 4
tluel;ein. is typically made of a refractory_metal, such as molybdenum (Mo),
tantalum (Ta). tungsten (W) or stainless steel.

The heater 4, which is located inside the sleeve 3, heats an cleé;ron
emissive material layer 1 through the metal base 2. It is made of a tungsten
wire coated with alumina et al

The electron emissive material layer 1, which emits thermoelectrons, is
formed on the metal base 2 as an alkaline earth metal oxide layer. A
suspension of a carbonate of an aikaline earth metal (Ba, Sr. Ca etc.) is
sprayed on the metal base 2. After the coating layer is heated by the heater 4
in a vacuum. the alkaline earth metal carbonate is converted to oxides.
Barium carbonate, for example, decomposes to barium oxide as follows:

BaCO, - BaO + CO, *



precipitation speed. the obtained carbonate crystal structures
According to an enbodi ment of the present invention, the abovg f
should be controlled to form a needl e-shaped crystal structur
co-precipitated triple carbonate electron em ssive materi al

needl e- shaped crystal, [|anthanum oxi de and/or terbium oxide,
conpound and/or terbium conpound which nay be converted to

heating is added to create a suspensién. The suspensi on nmay
onto a nmetal base by neans of dipping, spraying or sputtert

oxi de cat hode arhendibethikiltnOBeriemad sBEE i9hafthalyreimesd at avdEghi on.
I n an oxi de cathode accordi ng to anot her enbodi nent of the present

| nventi on, te?npneﬁ':figllrc %"f‘%Oi o fﬁ(ﬁf°°d.rs%dth%9 iIbI% at |Ql;1t%8tl%qlatv% s%ﬁ%&ortﬂuec% nt at a
properties. In this activation process, the reducing _element, such as Si or Mg,
contained in the metal Basé 2 diffuses 'to move toward the interface between
the electron emissive material layer 1 composed of the alkaline earth metal

. oxide and the metzﬂ base 2, and then reacts with the alkaline earth metal
oxide. For example, barium oxide is reduced by the reducing elément to give
!Téc barium.
| BaO + Mg - MgO + Ba ?

4Ba0 + Si— BazS_iO4 + 2Ba ?

The free barium derived from BaO becomes a semiconductor of an
oxygen vacancy type. Consequently, an emission current of 0.5 to 0.8A/cm®
is obtained under thé normal condition at an operation temperature of 700 to
800°C.

Generally. an oxide cathode operates at high temperature over 750°C,
so free Ba. Sr or Ca vaporizes due to the high vapor pressure and an electron
emissive surface reduces while operating. In addition. as a result of a
reduction of the alkaline earth metal oxide. an intermediate layer of an oxide,
such as M £0 or Ba,Si0,, is formed in the interface region between the
electron emissive material layer and the metal base and serves as a barrier.
The barrier so formed prevents the reducing element Mg or Si from diffusing

into the electron emissive layer, so that a sufficient amount of a free Ba



tenperature over 90[err]C under a vacuum of over 10[err e

| ant hanum oxide and/or terbium oxide is contained in, fhEiﬂ,_Ar[‘E'\ i%H:;EET :
co-precipitated triple carbonate of (Ba, Sr,Ca)qurr] as an el ectron

emi ssive material . The oxi de cathode of the preésentd A MAREIIN | s
inserted and fixed in an 11
el ectron gun, and a heater is inserted &nd fixed in a sleeve After the
electron gun is sealed into a bulb for an electron tube—the carhaonate bf

the el ect r ofinnehbs soperawed and dhe vapeiizadsBaesowpdsets lwdtq@ebc"oforfd&ﬂby t he
heater during an

Further. electron emissive current is also limited by a high resistance of the
intermediate layer. Therefore, the intermediate layer contributes to the
sh-ortening of the cathode lifetime and other undesirable results. On the other
hand. an excessive supply of the reducing element results in excessive
reduction of BaO, so that stable emission cannot be achieved.

As described above, a conventional oxide cathode has disadvantages in
that its operation temperature becomes higher during use, so the emission
efﬁcieqcy,,decreases to about 75% of initiai characteristic, and the exhaustion
of electron emissive material shortens its lifetime.

Recent progress toward the enlargement and hiéh qualification of the
picture tube requires a high luminance and fineness of the tube. Accordingly,
a cathode of an electron gun needs to give an electron e;nission- oé a high
current density and have a long lifetime. However, a conventional oxide
cathode has a shqrt lifetime in general, so it cannot satisfy such requirements. -

An impregnated-type cathode, known to have a high current density '
and a long lifetime. is manufactured by a complicated process and the
operation temperature is 1100°C or higher, which is as much as 300-400°C
higher than that of an oxide cathode. Therefore. continuous efforts have been
made to Iength;an the lifetime of an oxide cathode. which can be manufactured
casily and operates at low tempera_ture.

In Japanese Patent Laid-open Publication No. sho 59-20941, lanthanum



evaéqat i'ng process. Thérea{fter an activation process is CREFLIAQQ

canventional manufacturing process for an electron tube. _pjesent
invention will be described in detail by way of the fol]Jo ﬁg exanpl es ;
which are nmerely representative and illustrative of the Rn199 tifon
and are in no way to be considered as limting the inverti to the

speci fic exanpl es. (Exanple 1)5 To the sglution o >t Uf €

of Ba(NOJerr])[err], Sr(NdJerr])[err] and Ca(NJerr])[e
ratio of Bas Suslﬁmedam S0t B3 1andve rfonm afalL odinadnd M@.,Q‘addaﬂattme forma
co-precipitated carbonate of Ba. Sr and Ca. At this tine, in order to form

a co-preci RLLALRAF IHPhR AV PN VeaRe A LiRNARGH g ¥gehR thetkld' /L Ur e,
not exhausted. British Patent No. 1592502 discloses an electron emissive
material for a discha-r-ge lamp in which BeO and Y,O, are added to
Ba,_Sr,CaWQ, (where x is from 0.0 to 0.5).

In United States Patent No. 4,797,593, at least one rare earth metal
. oxide selected from the group consisting of the oxides of Y, La, Ce, Pr, Nd,
Sm. Gd Sc. Dy, Ho. Er and Tm, is added to the electron emissive substance
containing-at leagt Ba, in order to improve the electron emission
characteristic.

- The above-mentioned cathodes, however, do not make:é considerable
improvement in the short lifetime of an oxide cathode. Further, the
manufacturing procesSes of the above cathode is not always interchangeable
with those of the typical oxide cathode. Especially. cl1an§ing the activation
process of the cathode is requireci. For example, in the-above US patent (No.
4.797.593). the rare earth metal oxide needs to be subjected to a-heat
treatment at a high temperature in a reducing atmosphere before mixing with

an alkaline earth metal oxide.

Summary of the Invention

An object of the present invention considering the above-mentioned

problems of the conventional oxide cathodes is to provide an oxide cathode in



the reaction condition was controlled as foll ows:
terIe nitrates was above 0.6M pH was controlled
ammoni um hydr oxi de; and, when (NH err])[err] CJ er

t RePLAGRYENT SHEEDN| of the
to be apove 38 th

! ] wgﬂ
precipitant, the tenperature of the nitrate soluti ¢ ove 60[ err] C,

and the solution of precipitant was dropped at the spccd of—30m- per

mnute. To the co- precipitated tripke carbonate
crystal structure, LaJferr](err] was _added in th

of a needl e- shapef
amount —of T % By wei ght

of the el eathicinaaniigsiclosinoat@nisalve dmmmémlamsamnm:deu feurtlbeger ame

nitrocel l ul ose and an organi c solvent were
by suppressing an excessive Ba vaporization, so that

the lifetime has been

areatly improved, and the manufacturing process is interchangeable with a

conventional one.

To accomplish the object, there is provided an oxide cathode according

~to an embodiment of the present invention, comprising:

a metal base:

an electron emissive material layer containing at least Ba formed on the

metal basé: and

means for heating the electron emissive material layer,

characterized in that the electron emissive material layer further

comprises at least one of a lanthanum oxide and a terbium oxide, and forms a

needle-shaped crystal structure.

To accomplish the object, there is also provided an oxide cathode

according to another embodiment of the present invention, comprising:

a metal base:

an electron emissive material layer containing at least Ba formed on the

metal base: and

means for heating the electron emissive material layer,

characterized in that the electron emissive material layer further

comprises at least one of a lanthanum oxide and a terbium oxide, and that the

metal base is subject to heat treatment under a vacuum..



12 dispersed to make a suspension of the electron
A N -nmetal base containing Si and My was washed. Thien
manuf actured suspension of the electron enmssive ngtgrial
on the base. dried to obtain an oxide cathode accor{dijngQt
t he present invention. (Exanpl e 2)

Exanple 1 was repeated, except that Tb[drr]Jerr]
co-precipitated triple carbonate solution in the ang
the el ectron eniBs smomat ef it landixcuhabyuicasr bxitdd}uppOHHE
cat hode according to an enbodi nent of the present invention.

was

- oat ed

THe sane proCedyr ¢

the electron emissive material layer is preferred to be in the range of
0.0001% to 5% by weight, based on the total amount of the electron emissive
material.

In addition, the oxide cathode according to another embodiment of the
present invention, a metal base is preferred to be subjected to a heat treatment

at the temperature over 900°C, under a vacuum of over 10™"torr.

Brief Destription of the Drawings

The above objects and other advantages of the present invention will
become more apparent by describing in detail a preferréd embodiment thereof
with reference to the attached drawings in which:

FIG.1 is a schematic sectional view illustrating a conventional oxide
cathode:

FIG.2 is an enlarged schematic view illustrating an electron emissive
material layer of an oxide cathode accordin’g to an em-bodiment of the present
invention;

FIG.3 is a graph showing MIK change with respect to the time passage
of an oxide cathode according to an embodiment of the'present invention (a)
zuid a,cbnventional oxide cathode (b); and

FIG4isa gfaph showing MIK change with respect to the time passage

of an oxide cathode according to another embodiment of the present invention



e i

(Exanpl e 3) The same procedure as in Exarﬁ:ﬁEp, f r"epeated except
that La[err](Jerr] was added to the co-precipit tgL F@ (=) carbonate
solution in the anount of 0.0001 % by wei ght of|the el ectron éfi ssive
material cal cul ated as oxide, to obtain an oxid] f:aﬂﬂ)ﬂﬂnapgprdl ng to an
enbodi nent of the present invention. ( l e 4) - i The sane
procedure as in Exanple 1 was repeatedg. except that e -] | was
added to the co-precipitated triple carbonate s in_the anmount gf

0. 001 % by h ve material cal culatedas” oxide, to
obtain an %‘\f{"g ?:égﬁ\éﬁig%ggicggt{:%g”ﬁo@e;@benbodl ment of the present

I nventi on. (Exanpl e 5)

Detailed Description of the Invention

In an oxide cathode according to the present invention, an electron
emissive material layer on a metal base further contains a lanthanum oxide
and/or a terbium oxide, and the electron emissive material layer forms a
needle-shaped crystal structure, or the metal base is subject to a heat
treatment under vacuum, so that the electron emissive characteristic becomes
stable and the emission stability is maintained longer than that of conventional
ones.

'Lanthanum oxide and/or terbium oxidé added to the electron emissive
materials cont:_lining at least Ba forms a stablé BaO in the electron emissive
material layer after an aging process, so that the cathode has a stable electron
emission characteristic.

In addition to the stable electron emission characteristic due to the
stable BaO. an adequate supply of a reducing metal has been considered in
order to lengthen the lifetime of an oxide cathode. Such an adequafe supply of
a reducing metal may be achieved according to the following two methods.
The first is to form a.needle-shaped crystal structure of the electron emissive
material layer. and the second is a heat treatment of the metal base. If an
clectron emissive material layer forms a needle-shape crystal, a reducing

metal may diffuse at an adequate speed, so that a current density may be kept



13. mixture of La[err]derr] and Tb[err]Jerr] was addgo
co-precipitated triple carbonate solution in the anoynt

of the electron em ssive material- calculated as oxid¢
cat hode according to an enbodi nent of- ghe present inyekr

(Exanpl e 6)

up with an enhanced value for a long time. Alternatively. if a me
containing a reducing metal is subject to the heat treatment under vacuum, the
excessive supply of the reducing metal may be prevented. so that stable BaO
produced by the lanthanum oxide and/or terbium oxide may keep its stable
condition over a long period of time. In this manner, an electron emission
may be stabilized for a long time and the lifetime of the oxide cathode may be
increased.

In the present invention. as an electron emissive material may be used

a triple carbonate. such as (Ba,Sr,Ca)CO,, or a double carbonate, such as

(Ba.Sr)CO,. In order to add lanthanum oxide or terbium oxide to an electron

emissive material, any lanthanum compound or terbium compound which can

be converted to oxide by heating may be used as well as lanthanum oxide or

terbium oxide itself.

The amount of lanthanum oxide or terbium oxide contained in an

- electron emissive material is preferred to be in the range of 0.0001% to 5%

by weight. based on the fotal amount of the electron émissive material.
Lanthanum oxide or terbium oxide of less than 0.0001 % by weight cannot
achieve the effect of forming the stable BaO, and so does not lengthen the
lifetime. On the other hand, lanthanum oxide or terbium oxide of more than
5% by weight may aggravate the already poor condition of the initial emissiﬁn
characteristic and thus decrease the effect of len;gthening the lifetime.

- Lanthanum oxide or terbium oxide, or both is contained in, for



. REPLACEMENT SHEET
A N -netal base containing Si and My was subject gd jto—heat—treatnwent at
1000[ err] C, under a vacuum of over 10[err]torr. F‘]I_R 3 | gctir on
em ssive material of a co-precipitated triple carbcna?é, E P ridierr] was
added in the anount of 1% by wei ght of the el ectrjon—em ssive.  materi al

cal cul ated as oxide. Further, a nitrocglg ul ose arnd an organic solvent were
di spersed to nake a suspension of an el ectron em'sstye—fateriat-
The above &USNABSh - WRsipsRledyrin@icathdratd Be (BLSr-CA)E) £4k aRledctiomse, and
dried to obtain an oxi de cat hode according to anot her enbodi nent of the

2ot LA uers T EPPRL o pee s RRABIASRAN @ o 17

manufactured by dissolving nitrates such as Ba(NQO,),, Sr(NQ,), or Ca(NO,),
in pure water. and adding Na,CO, or (NH,),CO; as a precipitant to the nitrate
solution to co-precipitate as a carbonate of Ba, Sr and Ca. At this
manufacturing process, in accordance with such factors as the concentration
of nitrates. the pH value, the solution temperature at precipitation or the
precipitation speed. the obtained carbonate crystal structures vary. According
to an embodiment of the present invention, the above factors should be
'C()nutrolléd to form a needle-shaped crystal structure. To the co-precipitated
triple carbonate electron emissive material of a needle-shaped crystal,
lanthanum oxide and/or terbium oxide, or lanthanum compound and/or
terbium compound which may be converted to oxide by heating is added to
create a suspension. The suspension may. be applied onto a. metal base by
means of dipping, spraying or sputtering to give an oxide cathode according
10 one embodime_nt‘of the present invention.

In an oxide cathode according.to another embodiment of the present
invention. a metal base is preferred to be subjected to heat treatment at a
temperature over 900°C, under a vacuum of over 10™%torr. Also, lanthanum
oxide and/or terbium oxide is contained in, for example, a co-precipitated
triple carbonate of (Ba,Sr,Ca)CO, as an electron emissive material. .

The oxide cathode of the present invention is inserted and fixed in an



was added to the co-precipitated triple carbonate sol UtHEPDAd
0..0001 % by weight of the electron em ssive material fca
to obtain an oxide cathode according to another enbgdi
i nventi on. (Exanpl e 8) The same pr.pc
was repeated, except that La[err]Jerr]
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electron gun, and a heater is inserted and fixed in a sleeve. After the €
gun is sealed into a bulb for an electron tube, the carbonate of the electron
emissive material layer is decomposed to the oxide by the heater during an
evacuating process. Thereafter, an activation process is carried out by a
conventional manufacturing process for an electron tube.

The present invention will be described in detail by way of the
following exam_pies which are merely repfesentatiire and illustrative of the
present invention and are in no way to be considered as limiting the invention
to the s.p:eéiﬁc'examples.

(Example 1)

To the solution of a mixture of Ba(NO,),, Sr(NO,), and Ca(NO.-s);, in
which the ratio of Ba:Sr:Ca was 50:40:10. ammonium carbonate was added to
form a co—prcéipitated carbonate of Ba. Sr and Ca. At this time, in order to
form a co-précipitated triple carbonate of a needle-shaped crystal structure,
the reactioﬁ céndition was contfol]ed as follows: the concentration of the
triple nitrates was above 0.6M: pH was controlled to bé above 8 with
ammonium hydroxide; and, when (NH,),CO, was used as a precipitant, the
temperature of the nitrate solution was above 60°C, and the solution of
precipitant was dropped at the speed of 30ml per minute. To the co-
precipitated triple carbonate of a needle-shaped crystal structure, La,0, was
added in the amount of 1% by weight of the electron emissive material

calculated as oxide. Further. a nitrocellulose and an organic solvent were



by weight of the electron enissive material calcul at&d LAsteXi ide;i to jobtain
an oxi de cathode according to another enbodi ment of (THe presenthnvent i on.
FIG2 is an enlarged schematic view illustrating an | Igoit QR 's§iv§e
material |ayer of an oxi de cathode manufactured acfcolr di ng“@o %%rrp‘le; 1.
FIG 2 shows that the el ectron em ssive_pateri al ma%nu'- a--Blanpl e 1
fﬁrms ? need| e-sh?peﬂ crystal structurd? In order to eval uatgé the
characteristics of the oxide cathode of the present THRVERT T ON. tie” oxi
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~electron gun, and a heater is inserted and fixed in a sleeve. After the
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the electron em ssive material |ayer is deconposed to the oxide

manufactured suspension of the electron emissive material was spray-coated
on the base. dried to obtain an oxide cathode according to an embodiment of
the present invention.

(Example 2)

The same procedure as in Example 1 was repeated, except that Tb,0,
was added to the co-precipitated triple carbonate solution in the .amount of 5%
by weight :of the electron emissive material calculated és oxide, to obtain an
oxide cathode according to an embodiment of the present invention.

(Example 3)

The same procedure as.in Example 1 was repeated, except that La,0,
was added to the co-prccipitated triple E:arbonate solution in the amount of
0.0001 % by weight of the electron emissive material calculated as oxide, to
obtain al; o;idé cathode according to an embodiment of the present invention.

(Example 4)

The same procedure as in Example 1 was repeated. except that Tb,O,
was added to the co-precipitated triple carbonate solution in the amount of
().-001 % by weight of the electron emissive material calculated as oxide, to
obtain an oxide cathode according to an embodiment of the present invention.

(Example 5)

The same procedure as in Example 1 was repeated, except that the



by the heater during an evacuating process. ThereafteBEP%QEM&NT\ﬁd{ BEDN
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calculated as oxide, to obtain an oxide cathode according to an embodiment of
the present invention.

(Examble 6)

A Ni-metal base containing Si and Mg was subjected to heat treatment
at 1000°C, u.nder a vacuum of over 10~ %orr.

To an electron emissive material of a co-precipitated triple carbonate,.
La,0O, was :added in the-amount of 1% by weight of the electron emissive
materialvcalculated as oxide. Further, a nitrocellulose and an organic solvent
were dispersed to make a suspension of an electron emissive material.

The above suspension was spray-coated oﬁ the heat-treated metal base,
and dried to obtain an oxide cathode according to anothér embodiment of the
present invention.

~(Example 7)

The same procedure as in. Example 6 was repeated, except that La,O,
was added fo the co-precipitated triple carbonate solution in the amount of
0.0001 % by weight of the electron emissive material calculated as oxide, to
obtain an oxide cathode according to another embodiment of the present
invention.

(Example 8)

The same procedure as in Example 6 was repeated, except that La,O,
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by weight of the electron emissive material calculated as oxide, to obtain an
oxide cathode according to another embodiment of the present invention.

FIG.2 is an enlarged schematic view illustrating an electron emissive
material layer of an oxide cathode manufactured according to Example 1.
FIG.2 shows that the electron emissive material mamnfacturgd in Example |
forms a needle-shaped crystal structure.

In order to evaluate the cliaracteristics of the oxide ca.thoclie of the
present invention. the oxide cathode manufactured according to the above is
inserted. and fixed inl an electron gun, and a heater is inserted and fixed in a
s'lceve. After the electron gun is sealed into a bulb for an electron tube, the
carbonate of the electron emissive material layer is decomposed to the oxide
by the heater during an evacuating process. Thereafter, an activation process
is carried out by a conventional manufacturing proce;s for an electron tube,
and its electron emissive charact_eristic is measured.

An initial electron emission characteristic is evaluated by MIK
(maximum cathode current) which is the maximum current emitted by a
cathode under a constant operating condition. A lifetime ch';lracteristic is
evaluated by the amount of decrease in the current whe_n a cathode installed in
an electron tube is operated continuously for a ccertain length of time under
constant conditions. That is, it i_s evaluated in terms of MIK consistency for a

constant period.
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terbi um oxide and that the netal base is

oxide cathode (b). As shown in FIG.3, an oxide cathode according to an
e.mbodiment of the present invention has an effect on lengthening lifetime by |
20% lﬁore than a conventiongl one. The oxide cathodes manufactured
according to Ex_amples 2 through 5 also show that they have equal effects on
the lifetime.

FIG.4 is a graph showing MIK change with respect to the time of an
oxide cathqsi_e mfa'nufacu.lred according to Example 6 (a) and a conventional
oxide cat.hode (b). As shown in FIG.4, an oxide cathode according to another
embodiment of the present invention has an effect on Iengtheniﬁg lifetime by
20% more than a conventional one. The oxide cath-odes manufactured

according‘ to Examples 7 and 8 also show that they have equal effects on the

lifetime.

As shown above, the oxide cathode according to the present invention,

which is characterized in that the electron emissive matérial layer contains a

lanthanum oxide and/or a terbium oxide and forms a needle-shaped crystal

structure, or which is characterized in that the electron emissive material layer
contains a lanthanum oxide and/or a terbium oxide and that the metal base is
subject to a heat treatment under vacuum. has an effect on lengthening the
lifetime. and has a manufacturing procedure interchangeable with a

conventional one.
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While the present invention has been particularly shown and described
with reference to particular embodiments thereof, it will be understood by
those skilled in the art that various changes in form and details may be
effected therein without departing from the spirit and scope of the invention as

defined by the appended claims.



those skilled in the art that various changes in formand details may be
effected therein without departing fromthe spirit 3
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What is claimed 1s:

L. An oxide cathode comprising:

a metal base:

an electron emissive material layer containing at least Ba formed on the
metal base; and

means for heating the electron emissive material layer,

characterized in that the electron emissive material layer further
comprises at least one of a lanthanum oxide and a terbium oxide, and forms a
needle-shaped crystal structure.

2. An oxide cathode as claimed in claim 1, wherein the amount of at
least one of a lanthanum oxide and a terbium oxide is in the range of
0.0001 % to 5% by weight, based on the total.amount of the electron emissive
material.

3. An oxide cathode comprising:

a metal base;

an electron emissive material layer containing af least Ba formed on the
metal base: and '

means for heating the electron emissive material layer,

charactérized in that the electron emissive material layer further
comprises at least one of a lanthanum oxide and a terbium oxide, and that the
metal base is subject to a heat treatment under vacuum.

4. An oxide cathode as claimed in claim 3, wherein the amount of at

I's



metal base; and | app: 40EWEAT s heating the el ectron emssive material

| ayer;, charasi-em»z»ed l““ﬁ“ hat the el ectron em SSI

further conpri S'eS at | east a | ant hanum oxi de an Emﬂ !ﬁ.H"tE g
and fornms a a!dlle Bh!a AR '@ﬁ)stall structure. Xid € as
clainmed in cl a| 1, V\,herel n_theianount of at | east one of a | ant hanum
oxide and a terbjumoxide is in tHe rangel%f 0.0001 %to 5% by wei ght,

based on the total _anpunt—bf | ectron’em ssive material. 3. An

oxi de cat hode conpri_si ng: a netal base;
least one of a lanthanum oxide and a terbium ‘oxide is in the range of

0.0001% to 5% by weight. based on the total amount of the electron emissive
material.

5. An oxide cathode as claimed in claim 3, wherein the metal base is
subjected to heat treatment at a temperature over 900°C, under a vacuum of

“over 107%orr.



an el ectron em ssive material |ayer containing at |east _Ba fornmed on the
nmet al base: and ~ means for heating the electron rﬁ@ oo Bt
| ayer, characterized in that the electron em sgiy QI I -H%@Ter
further conprises atlleast one of a |anthanum oxide arfd |a terbi um oxi ge
and that the netal base is subject to a heat treatment ynd@rt MAR

4. An oxide cathode as clainmed in clai mi,g wherein thefadount of at

OXIDE CATHODE FOR ELECTRON TUBE

Abstract of the Invention

In an oxide cathode comprising a metal base, an electron emissive
material layer containing at least Ba formed on the metal base, and a means
for heating the elcc_tfon emissive material layer. the electron emissive material
layer further comprises at least one 9f a lanthanum oxide and a terbium oxide,
and forms a needle-shaped crystal structure, or the electron emissive material
Iaye'r further compfises at least one of a lanthanum oxide and a terbium oxide,
and t_l\éi=|11etztl base is subject to a heat treatment ﬁnder vacuum. The oxide
cathode has an effect on lengthening the lifetime, and has a manufacturing

procedure interchangeable with a conventional one.

Figure 2
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