9

, 10

15

20

Woulss-o
N - : — (bvigiaat)

s oy

OXIDE CATHODE FOR ELECTRON. TUBE

Background of the Invention

The present invention relates to an oxide cathode for an electron tube

‘'such as a cathode ray tube or image pickup tube, and more particularly, to a

novel oxide cathode for an eleétron tube having a long lifetime.

For a conventional thermoelectron emitting cathode for an electron

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 is converted into oxide during 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.! is a schematic sectional view illustrating-a strlicturc of a
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
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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cmissive material layer 1 which is made of a mixture of at least two alkaline

carth 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 layer 1. It is made of a refractory metal, such as nickel (Ni)

‘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, hga_ts an élec;ron
emissive material layer 1 through the metal base 2. It is m.ade 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
. x
suspension of a carbor_late of an alkaline earth metal (Ba. Sr. Caetc.) 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, This Sheet H;
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Then. the alkaline earth metal oxide is partially reduced 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
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

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.

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
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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cannot be generated and the vaporized Ba. Sr or Ca is hard to be refilled.
Further. electron emissive current is also limited by a high resistance of the
intermediate layer. Therefore, the intermediate layer contributes to the

.

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
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is dispersed in a metal base in the form of LaNis and La,0;. so that the
strength of the metal base is not weakened and the reducing agent therein is
not exhausted. British Patent No. 1592502 discloses an electron emissive

material for a dischafge lamp in which BeO and Y,0, are added to

Ba,_,Sr,CaWOQ, (where x is from 0.0 to 0.5).

In United States Patenit 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 e_iniSsivé substance
containing at least Ba. in order to improve the electron émi_ssi_dn_
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
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 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

This Sheet Has Been Re

i



L1}

10

15

20

1)

which a stable electron emissive characteristic is n‘mimained for a longer time
by suppressing an excessive Ba vaporization, so that the lifetime has been
greatly improved, and the lllanufaciUring. précess_ is intcrchange;ible with a
Sonventional one. | |

To accomplish the object, theg'é is provided an oxide cathode according
to an‘émbodiment 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 o
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
according to another embodiment of the presenf invention, comprising:

a metal base:

an electron cmissive 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..
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The amount of the lanthanum oxide or the terbium oxide contained in
the electron emissive material layer is preferred 1o be in the range of

0.0001% to 5% by weight, based on the total amount of the electron emissive
. y amot

“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 Description of the Drawings

‘The above objects and other advantages of the breseht invention will
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
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

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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(a) and a conventional oxide cathode (b).

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
,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. |

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
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

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
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up with an enhanced value for a long time. Alternatively. if a metal base
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 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.
(Ba.Sr)COs. In ordér to add lanf_hanum oxide or- terbium oxide to an -c;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
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
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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example. a co-precipitated triple carbonate of (Ba.Sr.Ca)CO, as an electron

emissive material. The co-precipitated triple carbonate is conventionally

* manufactured by dissolving nitrates such as Ba(NO,),, Sr(NO,), or Ca(NO,),

i:1. 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 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

-controlled 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, 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
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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clectron gun. and a héater is inserted and fixed in a sleeve. After the electron
eun is sealed into a bulb for an eléctroﬁ tube, the carbonate of the electron
emissive material layer is decomposed to the oxide by the heater during an
‘Eyacuating process. Thereafter, an activation process is carried out_by.a
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

presént invention and are in no way to be considered as limiting the invention

_ to the specific examples.

(Example 1)

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,
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-
precipitated triple carbonate of a needle-shaped crystal structure, La,O; 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
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dispersed to make a suspension of the electron emissive material.
A Ni-metal base containing Si and Mg was washed. Then, the above
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 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 of the electron emissive material calculated as oxide, to obtain an

- axide cathode according to an embodiment of the present invention.

{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
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

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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mixture of La,0, and T6,0, was added to the co-precipiiated triple carbonate
solution in t.he amount of 0.01% by weight of the electron emissive material
calculated as oxide, to obtain an oxide cathode according to an embodiment of
tl:e; present inveation.

(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
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-treated metal base,

and dried to obtain an oxide cathode according to another embodiment of the

present invention.
_ (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
invention.

( Ex\ample 8)

The same procedure as in Example 6 was repeated, except that La,0;

This Sheet Has Been Replaced

I -




was added to the co-precipitated triple carbonate solution in the amount of 5%
by weight of t',he electron emissive material calculated as o*ide. to obtain an
oxide cathode according to another embodiment of the present invention. .
. FIG.2 is an enlarged schematic view illqstraﬁng an electron emissive
5 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.
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FIG3isa grapﬁ showing MIK change wit.h respect to the time of the
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 :
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
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 conventional one. The oxide cathodes manufactured

according to Examples 7 and 8 also show that they have equal cffe'(:ts. on the
lifetime.

As shown above, the oxide cathode according to the present invention,
which is characterized in that the elg:ctron emissive material layer ;:ontains 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 |
subject to a heat treatment under vacuum. has an effect on lengthening the

lifetime, and has a manufacturing procedure interchangeable with a

sonventional one. '
0 © ° This Sheet Has Been Reﬂlaced

~(TMmhy

1



~defined by the appeided claims.

While the preseiit invention has been particulafly 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
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What is claimed is:

1. An oxide cathode comprising:

-a metal base;

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

P

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

— P2
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Icasl. one of a IZuuhm_ulm oxide .and a terbium oxide is in the range of

0.0001 % w0 5% l.)y weight. l.mscd on the total amount of the electron emissive
material.

_ 5. An oxide cathode as claimed in claim 3. wherein fhe metal .basq 1s
« : . ST

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

“over 10™"%orr.
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