2170950, - 1- I MPREGNATED CATHODE The present invention relates to an

i npregnat ed cat hode and an el ectron tube,” especially a display tube and
Ri ck up tube, incorporating the inpregnated cathode. The inv%f&ffnlﬂp
partléﬂiarly relates to a cathode 5 having a | ow work funct4an ﬂ
on a face as required for a particular |ow tenperature operation. An
|npregnated cat hode previously used forll-ow tenperature operation as
descri bed in Japanese Lai d-Open Patent Application No. 154131/1983 has a 10
porous base body consisting of Wand Sc203 inpregnated with el ectron

em ssi-ve materials; it also has a nono-layer consisting of Ba, Sc, and 0 on
t he catvhode surface which for m8MEREGH CGATHAOD®N surface. However, this
nono- Iayer is defective in the followi ng respects: 15 it is unstable

agai nst thermal shock or ion bonmbardnent; it has a short |ife because of
Its non-uniformdistri ution;

l.
deterioriates in a | ow %é???%e? e}ave?ﬁégﬁg}og?%v]S?ﬁ%%ﬁféggﬁétgﬁ%ﬁﬁélon
to 20 t th whi ch | Kk
uncti on o F SR A o L SHEOR: B +| Eagerisd Nod SHPRIALh nas &
uni form wor k of ynct ﬁﬁ](yb the SBIQQQS,SEBEQQ%oratlng the impregnated

cathode. The invention particularly relates to a cathode

yet

5 having a low work function mono-layer on a surface
as required for a particular low temperature operation.

- An impregnated cathode previously used for
low temperature operation as described in Japanese
Laid-Open Patent Application No. 154131/1983 has a

10 porous base body consisting of W and 5c203 impregnated
‘with electron emissive materials; it also has a mono-layer

_consisting of Ba, Sc, and O on the cathode surface
Whicﬁ forms a low work function surface. However,
this mono-layer is defective in the following respects:

15 it is unstable against thermal shock or ion bombardment;
it has a short life because of its non-uniform distrib-
ution; and its electron emissive property deterioriates
in a low electric field.

The object of the present invention is to

20 provide an impregnatéd cathode which has a mono-layer

‘of low work function which is maintained stably for

a longer period and which has a uniform work function

on the cathode surface.



ﬁg‘cording to the present invention there is provided an inpfegnated
at xode having a cathode pellet forned by a refractory porous base body.:
i npregnated with electron em ssive nmateriral and on 5 sal d base body at

| east—two | ayered thin filnms conprising an under |ayer consisting of a high

mel ti point netal thin filmand an over |ayer consisting of a high
melting point netal |ayer containing S@203 and | ocated over said under
| ayer. 10 An expl anation of the invention and enbodi- nents
t hereof are given by waAgcorddngnpice the lpresententeventibe &bheampanyi ng
drawings, in which:- Fig. 1 shows a schematically illustrated cross sect.i on

of the inpreghapeevidedoan dmpr@anatedb cathodevkaviog, aasdthioge 2 is ang
graph conparing. the_el ectron em ssive properties of a cathode of the
present inveRfRl bRt aharBedoRVent FGfH2TERFY RPEPYUS UPaSEpEPEYi on i npregnat ed
cat hode. esent inventjon, proposes, a_cathode having a

20 ., The Br _ .
new st ruct urd"PEreRaGed Wolkd- EhRGLIAN @issivaphatagiprhsAnth&ml shock or
i on bo rdment . and is,uni form, usi.ng for, exa e a.copvyentional standard
Lype | o egr Ll BEEROBERHWRICH A8 ekt Ty AY TR GHALR B 355n SPREr e
porous base B9Yadbt S8t LORTeNH B 51 gh he P21 RgCRoTHRP ES] " O
thin filﬁ and an over layer consisting of a high melting

point metal layer containing Sc203 and located over

said under layer. g;

10 - An explanation of the invention and embodi-
ments thereof are given by way of example with reference
to the accompanying drawings, in which:- -

Fig. 1 shows a schematically illustrated
cross section of the impregnated cathode embodying

15 this invention, and

Fig. 2 is a graph comparing the electron

emissive properties of a cathode of the present invention

and a conventional low temperature operation impregnated o

cathode.

20 " The present invention proposes a cathode
'having a new structure forming a mono-layer which is
stable against thermal shock or ion bombardment and
is.uniformf using for example a conventional standard

| type impregnated cathode (which is made by impregnating
25 a refractory porous base body with electron emissive

materials) as a Ba supply source, and prdviding a high

<«
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3- nelting pdint metal thin filmon the cathode surface so as to nake the-

- surface snboth, and providing a high nelting point netal thin film _
contai ning Sc203 over this surface as* an Sc and O supply source. 5 Cijj)

the ny- | ayer consisting of Ba, Sc and 0 on the conventional cathode
surface”is formed by conb- ining Sc203, _which has no reaction with the
el ectron em ssive materials at the tine36f inpregnation with Ba diffusing

b .t hereby 10 [ th
supply of ScRP TERE T aseteﬂ “ERi BT 5 S ”r%zeo%%ié]'n?%gﬁéfﬁs ' a
|1 b |_f.f |t t t r n
rvencron, & T rym?iﬁﬁéep P sREEacS e ‘ﬁn‘:"”aa{fﬁtmné Fert Fgben .
thin 15 111 gy gind ogst fae@saatcha%l 260 JEAW M 5 T8 15ol®, R, Ru

Rh, Pd and Pt, Is € as a supply source o ﬁlde3|rably
has a thi cknaas: 4 r‘sﬁf‘ﬁaééngg ah 4@ ad e & &%‘% ace of the
rn1ng er

conventional inpregnated 20 cat hode ayer has pores of 5

pm di anetser on aver age. Thé hBRoNEhglrt f&ldhsfllétmr{@flif aned gboygais directly
formed on this surface, sone problenms will arise. For exanple, the supply

of Ba tends tan cyieepdnaénteBnhiiecaehededisinddde Ul othea t By ncbhbm and
the thin ining Sc203, which has no reaction with the electron
emissive materials at the time of impregnation, with
Ba diffusing out of pores in a porous base'body, thereby
10 ceasing to exist once the supply of Sc203 is exhausted.
In addition, non-reactive Sc203 remains in a Qery small
“ quantity, thus being difficult to control.
In the present invention, a high melting

point metal thin film containing Sc such a thin

2037
15 film of at least one metal selected from W, Mo, Ta,
Ir, Os, Re, Ru, Rh, P4 aﬁd Pt, is employed as a supply
- source of Sc203._ This film desirably has a thickngss
in the range of 10 nm to 1 pm.
~ The surface of the conventional impregnated
20 cathode forming the under layer has pores of 5 um diameter
on average. If the metal thin film mentionea above
is directly formed on ihis'sufface, some problems will
arise. For example, the supply of‘Ba tends to concentrate
on the poreé directly under the thin film and the thin

25 film is not likely to be evenly formed. The present

invention provides a thin film under IaYer beneath



Imis not likely to be evenly formed. The present inventidén provides a
thi- fil munder | ayer beneath 4- this netal thin filmso as to prevent
such probl enms. Any suitable high melting point netal thin filmmay be used
for @'es under layer, but it is desirable to adopt at |east one netal which
IS S cted fromhigh 5 mel ti ng poi - noble netals such as Gs, Re, Pt,
Ru, etc. and has low reactivity with the electron enissive materials. The
t hi ckness ofthils sndtidaIntksinl §dlpr ebeas &ld pravdrte swuelgep2Obbemso 1 pm It
is preferred to provide mcro-pores or 10 cracks under artificial control
in this thi Anyi |swikakele|hygh, medtingg peisitr methale wibimhf alihomeyBa to
diffuse easily into the thin filmover layer. It is reconmended. that tRg
m cropores REv&sedkeiteRisf undenimlayeXpmbwid itthaks tdestrabkewtdth i s

preferably in the ranlge 15 from10 nmtqo 2 pm nore preferabIK‘lo nmto 1
pm As the BeoBfulde Tea%h PREclgtRd whighe isympliectrd sfippmyhaghBa, as in

a pressed catq de, can, al so ﬁﬁ used i.n addition to the above-nentioned
convent?onapei%&ﬂﬁyﬁﬁ%ﬁFc%? BeMesgls such as Qg4 Re, Rty REess section

oy oh schergcalia Ihlstgat ss B bAMeU e L, oL e Lpygnt on A
materials. The thickness of this film is also prefer- |
ably in the range 10 nm to 1 um.

It is preferred to provide micro-pores or _

10 cracks under artificial control in this thin film under N~

layef, forming'a structure which allows Ba to diffuse
easily into the thin film over layer. It is recommended ..
that the micropores have a diameter of 10 nm to 2um
and that the crack width is preferably in the range
15 from 10 nm to 2 um, more preferably 10 nm to 1 pum.
As the Ba source, such materails as are capable
of supplying'Ba, as in a pressed cathode, can also
be used in addition to the above-mentioned conventional
impregnated cathode. ;/

20 Fig. 1 is a cross section which schematically

illustrates an impregnated cathqde of this invention.

A pellet 1 of 1.4 mm diameter is formed of the cathode

base body materials and has a porous tungsten base

body 2 prepared by impregnating pores 3 having porosity
25 of from 20 to 25% with the electron emissive materials.

The electron emissive materials are a mixture of BaCO,,



Base body materials and has a porous tungsten base body 2 prepared by

|npregnat|ng pores 3 having porosity 25 of from20 to 25% with the elec
gm ssive materials. The el ectron enmissive materials are a mxture of Bd'm
-5-*[é?3] and [err] at a nole ratio of 4:1:1. It is alternatively pos!
to usé’haterials m xed at a differentln%eeratlo or to which different
subst ances are added It is also possibl® to use the porous base 5 body

f M, Ta, R I t | f h
gubstancgs E%r 3 a cﬁp34an£pWSé§edakﬁghethe d%¥¥et Hagh% tﬁgnothzu%a
cup 4.-Ls Ias? rg?lgﬂré‘l oEQEBﬁee@g Bée P%Q:e? SV élx%z?s%gag of |aser

erin €

wel ditag, sol recomrend ode pe I s heated

by a heat er zamecﬂbrh@smspéerms B:o08! ahiwi Iy 3 pUldip AL EaALanged in

the lower part of the Ta sleeve 5. his so tar Is a standard 1 npregnated
cat hode, ser\émg sriéd Ba ISQUisealEBeFé%%%tleoftcB%éélpdﬂé ghAoudepssds on
the tenperature at which cathode pellet 1 is heated, but it can be adjusted
by alterisng tHudymif eMoptTas R8,tRa,CRANOPAE!,I @ 01 sy aboyei gbesaaon

em ssive materials or by |ncorporat|ng activators such as Zr, H, Ti, Cr,
M, Si and Alofi W sax dmszl bogdyoPOsnehesudlstances.

._

First, a Ta cup 4 is plugged with the ?ellet
1l and then the Ta cup 4 is laser-weldéd in the upper
end of a Ta sleeve 5. Instead of laser welding, soldering
10 is also recommended. The cathode peilet 1 is heated
by a heater 7 which has core wire 6 coated with alumina
and is arranged in the lower part of the Ta sleeve
5. This so far is a standard impregnated cathode,
~ serving as a Ba source. The amount of Ba supplied
15 dgpends on the tempefature at which cathode pellet
1 is heated, but it can be adjusted by altering the
‘m~le ratios in the composition of the above electron
emissive materials or by incorporating_activators such
o as 2r, Hf, Ti, Cr, Mn, Si and Al in said base body'
20 material. -
An Os layer of about 500 nm in thickness
is attached, using electron beam bombardment heating,
as a high melting point metal thin film 8 on the surface
of the pellet 1. As the material of this f£ilm, noble
25 'metals_like Ru, Rh, Pd, Ir, Pt, Re may typically be

used instead of Os, or a high melting point metal



By | ayer of about 500 nmin thickness is attached, using el éctron beam

af dnent heating, as a .high nelting point netal thin film8 on the .

ace of the pellet 1. As the material "of this film noble 25 netals like
Ru, ., Pd, Ir, Pt, Re may typically be used instead of Os, or a high :
mel t\~ag poi nt net al -6- such as Mo-eWand Ta or an alloy of two or nore
of these elenents. A thickness of 10 nmto 1 pmis approp- riate for this
film The Sov2d3 asoMaxze Wsamd oVaded by alflaghiofig tavd lom ridten Of consi sting

of Wand [err] 5 and 10 nmto 1 pmthick, using vacuum sputtering.

| nstead of Wheise ied ementapprdpehicknessuoé M9, nRe tcRul 7h, iPdap@sop+r, Pt
and Ta or an alloy of these substances. 10 weight%is chosen for the &
content of 5d26% ifervtihis HiklBaseThandcyP ;i songcemighduPtidedl ect 10
this content in the range from1 to 50 weight%, Using this_cathode of the

i nvention, S¥t AAAHd SiRehiipydi sopaastiog A ABA e 20 i gh _
vol t age_pul se 51 S mﬁng nd at,a,.repetition rate of 100 Hz, to an anode with
a cat hofe/ afiBfe 1& St 2#Nﬂﬁr Rk $81RHcVAEUUM SHULYRLIRG- shown in Fig.
2. Line 10 in _EFiqg., 2 otes the_em ssion characteristics, of the cathode

whi ch cont aFHStf%%e"lfg %% -’s%z%gsanﬁp%f’eﬁlﬁ § &ther ﬁ?‘?m%eabout 100 nm

thick and Cﬁuahh%,fgd? Os, Ir, Pt and Ta or an alloy of these

substances._ 10 weight% is chosen for the content of Sc203
in W in this case, and it is recommended to select
10 this content in the range from 1 to 50 weight%.

Using this cathode of the invention, saturation
current density is measured by applying a high voltage ..
pulse 5 ps wide and at a repetition rate of 100 Hz
to an anode with a cathode/anode diode configuration.

15_;The result of this is shown in Fig. 2. Line 10 in
'Fig. 2 denotes the emission characteristics of the.
cathode which contains 10 weight% of Sc203hand which
has W thin film 9 about 100 nm thick and Os thin film
v 8 about 500 nm thick. The conventional cathode having i_}
20 no thin films 8 and 9 mentioned above has a character-
istic initially identical to line 10 but the character-
istic degrades as illustrated by line 11 after removal
of mono-layer consisting of Ba, Sc aﬁd O due to sputtering

5 Torr. In contrast

in an Ar atmosphere of 5 x 10~
25 the cathode in this invention suffers almost no electron

emission deterioration subsequent to the mono-layer



8 about. 500 nmthick. The conventional cathode having 20 no thin filns 8"\.

and 9 pentionhed above has a character- istic initially identical to |ine.
but the character- istic degrades as illuystrated by line 11 after reno @;
of mgAo- | ayer consisting of Ba, Sc and O due to sputtering in an Ar

at nosptiere of 5 x [err] Torr. In contr&st 25 the cathode in this invention
suffers ‘al nost no el ectron em ssion deterioration subsequent to the

nono- | ayer TYemovatpp@aA, igndeistared drxeFharattertstifstifcwhenwhen heat ed
at 11500C for a riod of 15 min in the event that, cathode does show sone
deteLLoratjoh?a?Eg Eﬁtﬂgég &t f0%e & RAFHIDPT i 1o BlRt 1BnthRag Ve ar kabl y

| mproyed 5 el ectr m ssion characteristics, under low glectric field as
conpg¥gd mﬁtﬁh?ﬁecﬁggﬁaﬁe REFi 7 qﬁ)%ﬂﬁﬁﬁé%?ﬁfﬁ?%%}h@ﬂt f&kﬁlcﬁﬁ%Pgeblear

fromwhat h b ' that Jyn.the present_inventjion, .i.f the

nmono- | ayer ?%%sfﬁgig§§§5kggqsa?%584§ﬁ$%?4ﬁﬁﬁ:seﬁ%ﬂ%$?a§§¥eﬁFP§PWﬁ9

mai Nt ai n, a | o LeEknl URGLEGRCoRd L L & 1550 Ty Egy 85T 81830 Ajg obser ved
e el ec C I C

no deterioration int ron em sSsSi on aracteri s ecause a

mono- | ayer i g; ggyl xsseemggéég letthh%rﬁ?e &@%Q@iﬁ{;iﬂsagh Btmnte;hi S
characteristic, 15 the cathode forns a conplete nono-Fayer 1t heatéd at
about 1150[ e¢rdatmentodghiny 15 to 30 mn, thus naintaining

It is cleér from what has been described
that in the present invention, if the mono-layer consisting
— 10 of Ba, Sc and O which are all essential to.maintain
a low work function éondition is destfoyed, there can
be observed no deterioration in the electron emission ..
characteristic because a mono-layer is newly supplied.
If there shoula be deterioration in this characteristic,
15 the cathode forms a complete mono-layer if heated at
about .1150°C for roughly 15 to 30 min,.thus maintaining
its characteristics of a long service life and a low
temperature operation.
Further since smoothing treatment by the
20 high mélting point metal thin film reduces deterioration
in the electron emission.under a low electric field,
applicatioﬁ to various electrén tubes such as normal
display tubes has created low temperature operationél
effects.

25
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aracteristics of a long service life and a | ow tenperatufe operation.
=Her since snoot hing treatnment by the 20 high nelti,ng point netal thin

fiTmreduces deterioration in the electron enm ssion under” a low electric

field, application to various electron tubes such as normal display tubes

has created | ow tenperature operational effects. 25 -8- CLAIMS 1.

An i npregnated cathode having a cathod& pellet formed by a refractory

por ous baseggggﬁginpregnatEd with el ectron em ssive material and on said

base body a t two layered thin filnms conprising an under 5 | ayer

I Sti f hi gh | t;i ' e ' d - o
consi ting f a hi gh AR AT %q*o.%}%eéne'E%%#%%Q’?%%ﬁ%%?nfﬁghéﬁi%feﬁ £ oceged
in | . Fednd 1 ocw
10°1, “wher crn TG B8 &1 257 St RO o fop B e B SRR P st

e orconii ) S1EESSER, BN ST o of el uBRe YT 2
t hi ckness Oétsﬁbésﬁnéﬁb ha¥Rred thin films comprising an under
S layer consisting of a hiéh melting point metal thin
film and an over layer consisting of a high melting
point meta} layer containing Sc203 and located over
said under layér.
2. An impregnated cathode according to.élaim
10 1, wherein the mefal of said high melting point metal
thin film is at least one metal selected from.w, Mo,
‘Ta, Re, Ru, Rh,.Pd, Os, Ir énd Pt.
3. An, impregnated cathode accordihg to claim
1 or claim 2, wherein the thickness of said under layer
15 1is in the range 10 nm to 1 pm, and the thickness of
said over layer is in fﬁe range 10 nm to 1 um.
4. An impregnated cathode according to any one
of claims 1 to 3, wherein said under layer has small
pores or cracks and the diameter of said small pores
20 or the width of the cracks is in the range 10 nm to

2 ym.
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15 is in the rahge 10 nmto 1 pm and the thickness of said over l|layer is

in the,range’10 nmto 1 pm 4. An i npregnated cat hode accordi ng @
any one of clains 1 to 3, wherein said under -l ayer has snmall pores or

¢racks and the diameter of said small pores 20 or the width of the cra
isin the range 10 nmto 2 pm -9- S9- An i npregnat ed cat hode
according to any one of the preceding clains wherein the under layer is a
smooth film § 6. An ifBregpeegaated hoddhadeandiriantd aldy dase herein
described with reference to and as shown in Fig. | of the acconpanying
drawi ngs. 7. of theApretedthgnclaiemswwhelrelias tave inmpteayriayesr ciat hode
accordi,ng to any one of the preceding clains.

) a smooth film.

5 6. An impregnated cathode substantially as herein
described with reference to and as shown in Fig. 1
of the accompanying drawings.
7. An electron tube which has an impregnated

cathode according to any one of the preceding claims.
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