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OXIDE CATHODE FOR ELECTRON TUBE 

Background of the Invention ... 

The present invention relates to an oxide catho~e for an electron tube 

such as a cathode ray tube or image pickup tube~ and more particularly. to a 

°'"IJ tll'ir;, ;·;;····--· 
{gvltf(I 4t) 

5 novel oxide cathode for an eleetron tube having a long lifetit'ne. 

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 

10 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. I is a schematic sectional view illustrating-a structure of a 

15 conventional oxide cathode_ A conventional oxide cathode comprises a disk-

shaped metal base 2. a cylindrical ~leeve 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 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 elec~on 
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~missive material layer I which is made of a mixture of at least two alkaline 

~arth 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 l. It is made of a refractory metal, such as nickel (Ni) 

S or pla~inum (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 other. 

10 The sleeve 3. which supports the metal base 2 and has a heater 4 

therein. 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 electron 

emissive material layer I through the metal base 2. It is made of a tungsten 

15 \Vire coated with alumina et al. 

The electron emissive material layer l, 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 alkalin~ earth metal carbonate is converted to oxides. 

Barium carbonate. for example. decomposes to barium oxide as follows: 
-------

BaCO:~ -+ Bao + C02 t 
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Then. the alkaline earth metal oxide is partially reduced at a high 

temperature of 900 to l000°C. so that it is activated to have semiconductive 

properties. In this activation process. the reducing element. such as Si or Mg, 
... 
contained in the metal base 2 diffuses to move toward the interface between 

5 the electron emissive material layer 1 composed of the alkaline earth metal 

oxide and the metal base. 2.· and then reacts with the alkaline earth metal 

oxide. For exampie. barium oxide is reduced by the reducing element to give 

free barium. 

Bao + Mg - MgO + Ba t 

JO 

The free barium derived from BaO becomes a semiconductor of an 

oxygen vacancy type. Consequently. an emission current of 0.5 to 0.8A/cm2 

is obtained under the normal condition at an operation temperature of 700 to 

800°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 
·~ 

reduction of the alkaline earth metal oxide. an intermediate layer of an oxide, 

such as MgO or Ba2Si04, 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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t:annot 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 

i_!1termediate layer. Therefore. the intermediate layer contributes to the 

shortening of the cathode lifetime and other undesirab.le results. On the other 

S 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 conventiopal oxide cathode has disadvantages fo 

that its operation temperature becomes higher during use. so the einission 

efficiency decreases to about 75 % of initial characteristic. and the exhaustion 
. . 

I 0 of electron emissive material shortens its lifetime. 

Recent progress toward the enlargement and high qualification of the 

picture tube requires a high luminance and fineness of the tube. Accordingly, 

a cathode of an electron gun needs to giv~ an electron emission of a high 

current density and have a long lifetime. However. a conventional oxide 

15 cathode has a short 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 l l00°C or higher. which is as much as 300-400°C 

hi2her than that of an oxide cathode. Therefore. continuous efforts have been 
. 4- . . 

20 made to lengthen the lifetime of an oxide cathode. which can be manufactured 

easily 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 LaNi5 and La'.!O.,. so that the 

strength of the metal base is not weakened and the reducing agent therein is 

not exhausted. Brit_ish Patent No. 1592502 discloses an electron emissive 
. . ... 

material for _a discharge lamp in which BeO and Y 10'3 _are added to 

5 Ba:?-xSr,.CaWO" (where xis 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 ~f Y. La. Ce, Pr, Nd, 

Sm. Gd. Sc. Dy. Ho. Er and Tm. is added to the electron emissive substance 

containing at least Ba. in order to improve the electron emission 

I 0 characteristic. 

· The above-mentioned cathodes. however. do not make a considerable 

improvement in the short lifetime of ari oxide cathode. Further. the 

manufact_uring processes of the above cathode is not always 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 high temperature in a reducing atmosphere before mixing with 
- ~ 

an alkaline earth metal oxide. 

Summary of the Invention 

20 An ~bject 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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'"'hich a stable ~lectron emissive characteristic is maintained for a longer time 

hy suppressing an excessive Ba vaporization. so that the lifetime has been 

grt>atly 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 base: and 

means for heating the electron emissive material layer. 

characterized in that the electron emissive.1naterial layer further 

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

needle-shaped crystal stmcti..1re. 

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

15 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 inaterial 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 .. 



The mnount of the lanthanum oxide or the terbium oxide con!ained in 

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 io-"torr. 

Brief Description of the Drawings 

The above objects and other advantages of the present invention will 

I 0 become m<.1re apparent by describing in detail a preferred embodiment thereof 

with reference to the attached drawings in which: 

FIG. I is a schematic sectional view illustrating a conventional oxide 

cathode: 

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

15 material layer of an oxide cathode according to an embodiment of the present 

invention; 

20 

FIG.3 is a graph showing MIK change with respect to the time Ifassage 

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
0 

a conventional oxide cathode (b). 

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 

5 uid/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 stabilit):' is maintained longer than that of conventional 

10 

ones~ 

Lanthanum oxide and/or terbium oxide added to the electron emissive 

materials containing at least Ba forms a stable BaO in the electron emissive 

material layer after an aging process. so that the cathode has a stable e~ectron · 

emission characteristic. 

In addition to the stable electron emission characteristic due to the 

15 stable BaO. an a.dequate 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 methops. 

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 
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up with an enhanced Caiue for a long time. Alternatively. if a metal base 

contaiiling 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 . . 

5 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 a:s (Ba.Sr.Ca)C03, or a double carbonate. such as 

10 (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 ?xide 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 

15 electron e·missive material is preferred to be in the range of 0.0001 % to 5% 

hy weight. based on the total amount of the electron emissive material. 

Lanthanum oxide or terbium oxide of less than 0.0001 % by weight cannot 

achieve the effect of fonning the stable BaO. and so does not lengthen __ the 

lifetime. On the other hand. lanthanum oxide or terbium oxide of more than 

20 5 % by weight may aggravate the already poor condition of the initial 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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\!xampk. a co-precipitated triple carl1onate of (Ba.Sr.Ca)CO_\ as an electron 

~m.issiv~ material. The co-precipitated triple carbonate is conventional_ly 

manufactured by dissolving nitrates such as Ba(N03) 2 • Sr(N03) 2 or Ca(N03) 2 

~-1 pure water. and adding Na2C03 or (NH4)2C03 as a precipitant to the nitrate 

5 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 

fo an embodiment of !he present invention. the above factors should be 

10 controUed to form a needle-shaped crystal stmcture. 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 met~d base by 

15 means of dipping. spraying or sputtering to give an oxide cathode according 

to one embodimeJ1t of the present invention. 

In an oxide cathode according to another embodiment of the present 

inventfon. 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)C03 as an electron emissive material. 

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



~kctron gun. and a heater is inserted and fixed in a sleeve~ After the electron - . 

!!llll 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 examples which are merely representative and illustrative of the 

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

to the specific examples~ 

10 (Example I) 

To the solution of a mixture of Ba(N03h. · Sr(N03) 2 and Ca(N03) 2 , in 

which the ratio of Ba:Sr:Ca was 50:40: I 0. ainmonium carbonate was added to 

i~orm a co-precipitated carbonate of Ba. Sr and Ca. At this time. in Qrder to 

f{)rm a co-precipitated triple carbonate of a needle'.""shaped cry~tal structure. 

15 the reaction condition was controlled as follows: the concentration of the 

triple nitrates was above 0.6M: pH was controlled to be above 8 with 

ammonium hydroxide~ and. when (NH4hCO~ 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, Laa03 was 

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

calculated as oxide. Further. a nitrocellulose and an organic solvent were 
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disperst!d io make a susi>ension 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 
~ . -

5 the present invention. 

(Example~) 

The same procedure as in Example_ I was repeated. except that Tb40~ 

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 -

I 0 · oxide cathode according to an embodiment of the present invention. 

{Example 3) 

The same procedure as in Example I was repeated. except that 403 

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 I was repeated. except that Tb40 7 

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 I was repeated. except that the 
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mixture of La20.~ and Tbi)1 was added to the co-predlJhated triple carbonate 

solution in the amount of 0.01 % hy weight of the electron emissive material 

calculated as oxide. to obtain an oxide cathode according to an embodiment of 

th~ present invention . 
... 

(Example 6) 

A Ni~metal base containing Si and Mg was sut>jected to heat treatment 

at I000°C. under a vacuum of over 10-6torr. 

To an electron emissive material of a co-precipitated triple carbonate. 

La20 3 was added in the amount of I% by weight of the electron emissive 

I 0 material 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. 

15 (Example 7) 

The same procedure as in Example 6 was repeated. except that La20 3 

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 
• -lo\ _. .· 

obtain an oxide cathode according to another embodiment of the present 

20 invention. 

(Example 8) 

The same procedure as in Example 6 was repeated. except that La20 3 
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\vas added to the co-precipitated triple carbonate s~olutlon in the amount of 5 % 

bv 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 
"'· 

S material layer of an oxide cathode m~&mfactured according to Example l. 

FIG .2 shows that the electron emissive mat~rial manufac~ured in Example l 

forms a needle-shaped crystal structure. 

In order to evaluate the characteristics of the oxide cathode of the 

present invention. the oxide cathode manufactured according to the above is 

I 0 inserted and fixed in an electron gun. and a heater is inserted and fixed in a 

sleeve. 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 process for an electron tube, 

f5 and its electron emissive characteristic is measured. 

An initial eJectron 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 

<.:onstant conditions. That is. it is evaluated in terms of MIK consistency for a 

constant period. 



---·---

FIG3 is a grapl~ showing MIK change with respect to the time of' the 

oxide cathode manufactured according to Example l (a) and a conventional 

oxide cathode (b). As shown in FIG.3, an oxide cathode according to an 

embodiment of the present invention has an effect on lengthening lifetime by 
"'· 

S 20 % more than a conventional one. The oxide cathode.> manufactured 

according to Examples 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 m~mufactured according to Example 6 (a) and a conventional 

10 oxide cathode (b). As shown in FIG.4. an .oxide cathode accordi1_1g to another 

embodiment of the present inventjon 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 effects on the 

lifetime. 

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

which is characterized in that the electron 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.)ayer 

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 
------------

conventional one. 
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\Vhile the preseiil invention h'as been particulcidy shown and described 

\\'ith reference to particular embodiments thereof. it \Viii 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 appei·1Jed claims. 
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What is daimed is: 

I. An oxide cathode comprising: 

a metal base~ 

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

5 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. 

10 2. An oxide cathode as claimed in claim I. wherein the amount of at 

least one of a lanthanum oxide and a terbimn oxide is in the range of 

0.000 l % to 5 % by weight. based on the total amount of the electron emissive 

material. 

3. An oxide cathode comprising: 

15 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, ·• 

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 
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kast 0111.· of a lanthanum oxide and a terbium oxid~ is in lhl;! range of 

0.000 I 'X to 5 % hy weight. based on the tolal amounl of the dectron emissive 

material. 

5. An oxide cathode as claimed in claim 3. wherein the metal base is . . .. : ... 

5 subj::;:ted to heat treatment at a temperature over 900°C. under a vacuum of 
·::; 

over 10-"torr. 
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