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Technical Field The present invention relates to an el ectron
tube such as a color picture tube, a kIystr&n t ube, a traveling
wave tube, a gyro Background Art 10
In recent years, %ﬁgﬁﬁig¥§8§e el ectron tube such as a klystron or
the |i ke have had a tendency to DESC ﬁhibbt a hbgﬁ out put .
Particularly, those tubes which used |n a plasma apparatus for
nucl ear fusion or a particle accelerator exhibit an output of a
megavatt 15 or Mof@pREANARED BYBRCEAPHOBH! AbSERBHY] I 8firfiopEt oSe

tubes. Meanwhile, theregfay NrORMBEHS TR OfuE ASSEMBLEEVELPRTRANSGUR 2
color picture tube inproyedci fue ASSEMBLYesﬂﬁHtEQ@C@NON”@UQESUQQNécﬂﬁﬁlng

| ines and a super CATnbmghAésggggﬁcy responsi ve picture tube, and
hence, 20 I nprovenents in brightness have been required.

| nprovenengs in brightness have al so beenniegui redifor a
projection tube. To respond to these requirenents and demands, the

em ssion current densiTheoprasemntrimtention relétesn tocathetlechush be
greatly increased in conparison
tube such as a color picture tube, a klystron tube,
a traveling wave tube, a gyrotron tube.
Background Art

10 In recent years, a micro-wave electron tube such
as a klystron or the like have had a tendency to
exhibit a high output. Particularly, those tubes which
are used in a plasma apparatus for nuclear fusion or
a particle accelerator exhibit an output of a megawatt

15 or more. A much higher output is required for those
tubes. Meanwhile, there have been demands for
developments in a color picture tube improved in
resolution by increasing scanning lines and a super
high frequency responsive picture tube, and hence,

20 improvements in brightness have been required.
Improvements in brightness have also been required for
a projection tube. To respond to these requirements
and demands, the emission current density of a current
from a cathode must be greatly increased in comparison

25 with a conventional apparatus.

Several conventional electronic tubes such as

a color picture tube used in a color picture receiver



25 wi th a conventional apparatus. Several conventi onal
el ectroni c tubes such as a color picture tube used in a color

pi cture receiver 2

require a high voltage supplied to a convergence el ectrode, a
focus el ectrode or the like, in addition to an anode voltage. In
this case, a problemissues in t He aspect of a withstand voltage
if a high voltage is 5 supplied froma stem portion of the col or

pi cture tube. Therefore, a nethod is adopted in which a resister
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I ncor porated as ect ron-gun -1 n Si'ster the col or
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hi gh voltages to ectrodes, respective arting

fromstudies madg bR 493%c JBMRLGRMENTS: this castave RABH1IERIL slstidésqrd hi s
tube as an anplifier tube, an oscillation tube, or the Iike which

can widely 15 the akpep@ns€ wowarhdianardltage mifl ld hime vicddR@@e is
In 1960s, further devel opments have been started to use a klystron
t ube forga sat ekhbpé iedmfubimcat isaeregiotirttion of thestcatlioan pikrtuk@’@ube.
st udi es have been pronoted in view of high efficiency operation of
a klystron tubeThamdfo2e, a mephodudiss adidptean igf fWhdicdney refs iSG¥rorforor e
have been put into practical use including UHF TV broadcasti ng.
a divisional voltage together with an electron gun are
incorporated as a electron-gun built-in resister into
the color picture tube and in which an anode voltage
10 is divided to supply high voltages to electrodes,
respectively. |
Starting from studies made in 1939, developments
have been made to use this tube as an amplifier tube,
an oscillation tube, or the like which can widely
15 response to an UHF band to a milli wave range.
In 1960s, further developments have been started to use
a klystron tube for a satellite communicatién earth
station. In 1970s, studies have been promoted in view
of high efficiency operation of a klystron tube, and
20 products with an efficiency of 50% or more have been
put into practical use including UHF-TV broadcasting.
Recently, a klystron tube of a super high power has
been developed which attains an efficiency of 50 to
70%, a continuous wave output of 1 MW, and a pulse
25 output of 150 MW, and has been used-in an accelerator

of a super large scale, a plasma heating apparatus for

nuclear fusion studies. A klystron tube can generate



Recenfly, a klystron tube of a super high power has been devel oped

which attains an efficiency of 50 to 70% a continuous wave out put
of 1 MW and a pulse 25 out put of 150 MW and has been used in an
accel erator of a super large scale, a plasm heating apparatus for
nucl ear fusion studies. A klystron tube c generate

3 a high power at a high effici'ency, and is therefore .

used widely in the field of high power tubes. A traveling
wave tube was invented in 1943 and was conpl eted thereafter. There
are various typash@gh pewer at!GAYSlgHS f¥AVE dritReS amiiCik qglcfaresﬂxrél type,
a cavity coupling type, a cross finger “type, a |adder type, and
the likes. A trased wgdedye inukaeoffielsPioRlnigPOAET tubes. been widely
used as a transmtting tube to be nounted on an air-plane, an
artificial satellitedotrakellingewavel tube AvaGainwert@anact 194 3 iRl
travel i ng wave tube has been devel oped for the purpose of
conpensating fowas completadwithesearftieng palerec @yacivisarion soft ypezpiofal
type, and has been put into practice mainly as a transmtting
tube for5a satetrpveldésgniiaveatibaseasurhsest sospirkd typeAl teheegh ty
travel ing wave tube_nornmally attains an efficiency of about

several to 20% CquPLapgl t¥ge. a crossyfiageybéyaei.clk dadsers tawpesf fandd ency

f % has been
of 50% the likes. A traveling wave tube of a spiral type has

been widely used as a transmitting tube to be mounted
on an air-plane, an artificial satellite or the like.
10 A cavity connection type traveling wave tube has
.been developed for the purpose of compensating for
a withstanding power capacitance of a spiral type, and
has been put into practice mainly as a transmitting
tube for a satellite communication earth station.
15 Although a traveling wave tube normally attains
an efficiency of about several to 20%, a traveling
wave tube which attains an efficiency of 50% has been
developed for a satellite when electrical potential
depression-type corrector is provided with the
20 traveling wave tube.
Meanwhile, as well-known, a gyrotron tube is
an electron tube based on an operation principle of
a cyclone maser effect, and is used as a high frequency
high power source which generates a high power milli
25 wave of several tens to several hundreds GHz.
An impregnated-type cathode ensures a higher

emission current density than an oxide cathode, and has



devel oped for a satellite when electrical potential

depression-type corrector is provided with the 20 travel i ng wave

t ube. Meanwhi | e, as wel |l -known, a gyrotron tube is

an el ectron tube based on an operation principle of a cycl one
maser effect, and is used as a high frequency hi gh power source
whi ch generates a high power mlli 25 4 wave of several tens to severa
hundr eds GHz. An i npregnat ed-type cat hode ensures a hi gher

em ssion current density than an oxi de cathode, and has
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parti cul ar appllc i ons such’ as an an ED-TV tube, and
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sl ze CRIT an e |i kes have increased i'n recent
years, and the l&ﬁ:ﬁdd@@xﬁ BEbr NPIheoed e tpde: taideapplicatid@s been

rapi dl y expanded. 10 For exanple, in case of ‘an inpregnated-type
cat hode assenbl wutgethd naklpsiTwnedbdesamEb-cpf dfube, and thx Clikes | ubes,
the cathode substrate is nmade of porous tungsten (W of a porosity

15 to 20% and titee phields of color mpiortuxm wibddi s Hardose, sidsands efos
|npregnated with
a large-size CRT and the likes have increased in recent
years, and the use filed of an impregnated-type cathode
has been rapidly expanded.

10 For example, in case of an impregnated-type
cathode assembly used in klystron tubes and color
picture tubes, the cathode substrate is made of porous
tungsten (W) of a porosity 15 to 20%, and the porous
portion of this cathode substrate is impregnated with

15 electron emission substances such as barium oxide
(BaO), calcium oxide (Ca0O), aluminum oxide (Al,03), and
the likes. Further, an iridium (Ir) thin film layer is
provided on the electron emission surface of the
cathode substrate by a thin film formation means like

20 a sputtering method, thereby using an impregnated-type
cathode assembly coated with iridium.

In this cathode assembly, for example, barium (Ba)
and oxygen (0O,) impregnated in the cathode assembly is
diffused by an aging step after the cathode assembly is

25 mounted in the electron tube, so that dipole layer is
formed on the electron emission surface of the cathode

assembly surface. As a result, a high emission current



15 el ectron em ssion substances such as barium oxi de (BaO,

cal ci um oxi de (CaOQ, alum numoxide (A [err]([err]), and t he
|ikes. Further, an iridium(lr) thin filmlayer is provi ded on the
el ectron enission surface of the cat hode substrate by a thin film
formation neans |ike 20 a sputtering. nethod, thereby using an

| npr egnat ed-type cat hode assenbly coated with iridium

In this cathode assenbly, for exanple, barium (Ba) and oxygen
(derr]) inpregnated in the cathode assenbly is di ffused by an
aging step afteg_rgaéggggde assenmbly is 25 nounted in the electron
tube, so that dipole yer is formed on the electron enission

surface of the catho s y f , hi ah
em ssi on current cKithough th@-éﬁiﬂﬁ £ ﬁﬁeanﬁ§gﬁnée§ﬂé@ 18 ¥ S

enabl ed. varioudly Otndd® 29i A€cdid®ndd ﬁﬂtl&lgaﬂgaﬁl_bﬁpedis
variously arranged in accordance with an applied vol tage during use

of an el ectron tydherage didigftuse Sof an @lecipohethbyesas cantdegédyned in
an aging tinme of about 50 hours in case of an electron tube used

inlow g al d Agel @pbayes orgn floe  foeemed einwkn hagingpplhedofol t age
of about 10 kV. On the contrary, in case of an electron tube
used 10 i mivgh 50| hewes opereasenef eay. el%cgu@@rt%bghuﬁqu%n low
voltage operation, for example, with an applied voltage
of about 10 kV.
On the contrary, in case of an electron tube used
10 in high voltage operation, e.g., a super high power
klystron tube used with an applied voltage of 70 kV,
a current of a sufficient current density can be picked
up by aging of a relatively short time period of
several tens hours where a current picked up has
15 a pulse width of 5 us and is repeated for 500 times for
every one second. However, if a current thus picked up
is a direct current, aging requires 500 hours or more
to pick up a current of an equal current dehsity.
In case of an electron tube such as a super high
20 power klystron tube used in high voltage operation,
a large amount of gas emitted from a collector is
collided with electrons to be ionized at the same time
when an dipole layer is formed by means of aging.
Further, these ions collide with an electron emission
25 surface due to a high voltage, thereby breaking the
dipole layer. 1In this state, the ionized gas has

a high energy. As the amount of gas which collides



kl ystron tube used with an applied voltage of 70 kV, a current of
a sufficient current density can be picked up by aging of a
relatively short time period of several tens hours where a current
pi cked up has 15 a pulse width of 5 [err]s and is repeated for 500
times for every one second. However, if a current thus picked up
Is a direct current, aging requires 500 héurs or more to pick up a
current of an equal current density. In case of an el ectron
tube such as a super high 20 power klystron tube used in high voltage

operati on, Lth Qh'ea%%c%%%”.temﬁgsg?ﬂ S faed Iilrn%g?eaas%%] , eéﬂe‘\j\;]eins

collided with eré ons tO be i onizé he sane an’

di pol e layer isd&?ﬁqulgyegggQSt%E 29eRGron emissididdi¥acd NES SIS
collide with an efectron“em ssion 25 surface due to a high voltage,

thereby breakingethgusiy. ThedeRehe | Arelledtrddi Sulldtied N ioryzed gas
has a high enefgy. As the anobunt of gas which collides
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di pole layer of the electron em ssion surface is broken seriously.
Thereforg, an el ectran bddetised anh Hmpregnated-twqle age hoply aid Emblegui r es
aging of along tine. 5 In addition, an inpregnated-type cathode
assenbl y forf ar cathatleodayr apbeulie ifoximedresd thavea\se congepact
structure for the purpose of energy saving. Therefore,
: structure for the purpose of energy saving. Therefore,

an impregnated-type cathode assembly for a cathode ray

tube has a limited thickness and a limited diameter

10 which make it difficult to impregnate a sufficient
amount of electron emission substance. Generally, the
characteristics of the life-time of an impregnated-type
cathode are dependent on the amount of evaporation of
barium as a main component of electron emission

15 substance. As barium is consumed by evaporation,
the monolayer covering late decreases. Electron
emission ability decreases in accordance with an
increase in the work function. As a result.of this,
the long life-time characteristic cannot be achieved.

20 This is a large practical problem. From this stand of
view, an impregnated-type cathode assembly is desired
which can be operated at a low temperature.

In recent years, attentions have been paid to
a scandium-based (or Sc-based) impregnated-type cathode
25 assembly as such a cathode assembly fpr a cathode ray

tube.

The scandium-based impregnated-type cathode



an i npregnat ed-type cathode assenbly for a cathode ray tube has a

limted thickness and a limted dianeter 10 which make it difficult to
i npregnate a sufficient anount of el ectron em ssion substance.
General ly, the characteristics of the life-tine of an

| npr egnat ed-type cat hode are dependent on the anount of
evapor ati on of bariumas a nmain éhnponent of electron em ssion 15
substance. As bariumis consuned by evaporati on, t he nonol ayer
covering | ate decreases. Electron em ssion ability decreases in

accordanc i th ' ' '
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| mpr egnat ed-type ¢ 'S desired I ch can be operated

at a low tenperglune.an di.m&n:egnated—tlﬂuer Lo H Fuerdd 1 £ dOFed haven been
| Um based (or "Sc-based) i npregnated-type cat hode

paid to a scan

25 assenbl ywAsSUEhE Gatdigie st adibe foipsb tatdpdsperyting at
t ube. The scandi um based | npregnat ed-type cat hode

7 5 assenhlow deasggdhadiabove has an excel lent pul se

em ssion characteristic at a | ow duty, in conparison with an

i npr egnat ed-t ype cat lHmeewssenhl ticicatsethnd itdm-based impregnated-type
cathode assembly which can be operated at a.low
temperature, recovery of lost Sc is slow and the
operation ability at a low temperature is lowered

10 if the cathode once receives an ion impact under
a condition of a high frequency. Thus, this assembly
is not sufficiently practicable.
For example, in case of a type in which a scandium
compound is covered over the surface of the cathode
15 substrate, the surface state changes during steps of
manufacturing a cathode. Operation over a long time
leads to dissipation of scandium and to deterioration
in the electron emission characteristic. In addition,
the surface of the substrate is locally broken due to
20 ion impacts, and the work function of broken portions
is raised so that the distribution of electron emission
becomes non-uniform.
As a result of Auger surface analysis in
a scandium-based impregnated-type cathode, it has been
25 determined that scandium on the surface is lost upon
an ion impact and recovery of an excellent density of

electron emission regquires a long time, in case of



netal, and is expected to be capable of operating at 5 “a | ow

t enperat ure. However, in this scandi um based i npregnated-type
cat hode assenbly which can be operated at a | ow t enper at ur e,
recovery of lost Sc is slow and the operation ability at a | ow
tenperature is |lowered 10 I f the cathode once receives an_ion inpact
under a condition of a high frequéehcy. Thus, this assenbly

is not sufficiently practicable. For exanple, in case of a
type in which a scandi um conpound i s covered over the surface of
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is locally brokendiid Sy rate. i ON inpacts, and the work function of
br oken portions Is ralsed so that the distribution of electron

e ssi on - becnifmenn-piidiy Mpplication KOKAPSPubIEsationf Auger
surface analysis in a scandi um based i npregnat ed-type cat hode, it

has beeng 25  noletsy4H783b tdial FqaBsen macdiite App T seet isn | KSKATIpon
an ion inpact and recovery of an excellent density of el ectron
em ssion requir ekl doatgidn My . i98-€63¥/3H disclose a cathode substrate
° in which a cover layer having a porosity of 17 to 30%
is provided on a porous substrate, and this.porosity
of the cover layer is lower than that of the porous
10 substrate. However, in this kind of cathode substrate,
the porosity of the cover layer is arranged to be low,
and therefore, evaporation of an electron_emission
substance is restricted to be low, so that the life-
time of the cathode can be elongated. However, under
15 operating condition that ion impacts are strong as in
an electron tube which operates at a high current
density, recovery of the structure of the cathode
substrate surface is late, so that excellent results
cannot be obtained. Japanese Patent Application KOKAI
20 Publication 58-177484 discloses a cathode substrate
containing scandium, which cannot attain sufficient
recovery of scandium after an ion impact. Therefore,
this cathode substrate achieves only an insufficient
low-temperature operation ability. Japanese Patent
25 Application KOKAI Publication 59-79934 discloses

a cathode substrate in which a layer containing high

melting point metal and scandium is formed on a high



a scandi um based i npregnat ed-type cat hode. The foll ow ngs are
exanpl es of a conventi onal cat hode substrate. Japanese
Pat ent Application KOKAl Publication 5 No. 56-52835 and Japanese

Pat ent Application KOKAI Publ i cati on No. 58-133739 disclose a

cat hode substrate in which a cover_layer having a porosity of 17 to
30% is provided on a porous substr%te, and this porosity of
the cover layer is |ower than that of the porous 10 substrate.

However, in this kind of cathode substrate, the porosity of the

cover layer s HIANDRY SOLBE oY1 layer, APl LHeLCERtRoq8vaABERELRR OF an

el ectron em ssi stance 1s restricte 0 ow, so that the
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operating condition t Ion inpacts are strong as in an el ectron

tube which operafesrfti@ndi HnEW RS bfore, a suflenNsibit bpeeuerynof the
structure of the cathode substrate surface is late, so that

excellent resultgpility at £alswitdepobithnedcadapanpeeabanenedApplication
KOKAI 20 Publ i cati on 58-177484 di scl oses a cathode substrate
cont ai ni ng scandi um MpalesanPoteat t appl sodfiocheROKAI Publicagdonery of
scandium after an ion inpact. Therefore, this cathode substrate
achi eves only an59+303343i@idcloses a cavhpdenpebatuateopar which ability.
Japanese Patent 25 Application KOKAl Publication 59-79934 discl oses

a cat hode subst ratwnifoghi baver | egrtatnhrai hing hugasten of 0.4efPing point

metal and scandiumis fornmed on a_high L
2 um, scandium oxide and electron emission substances

is formed on a porous base made of tungsten. This

10 cathode substrate contains scandium, and therefore, can
be operated at a low temperature. However, under
operating condition that ion impacts are strong,
recovery of the structure of the cathode substrate
surface is late, so that excellent results cannot be

15 obtained. Japanese Patent Application KOKAI
Publication 61-91821 discloses a cathode substrate in
which a cover layer made of tungsten and scandium oxide
is provided on a porous substrate. This cathode
substrate contains scandium, and therefore, can be

20 operated at a low temperature. However, under
operating condition that ion impacts are strong,
recovery of the structure of the cathode substrate
surface is late, so that excellent results cannot be
obtained. Japanese Patent Application KOKAI

25 Publication 64-21843 discloses a cathode substrate in
which a first formed body having a large average

particle diameter of, for example, 20 to 15 um is



9 melting point netal layer. In this cathode substrate,

recovery of scandiumafter an ion inpact is not sufficient, and
therefore, a sufficient operation ability at a |l ow tenperature
cannot be attained. 5 Japanese Patent Application KOKAI

Publ i cation 59- 203343 di'scl oses 3focat hode substrate in which

a uniformlayer containing fine tungsten 0.1to 2 [err]m
scandi um oxi de and el ectron em ssion substances is formed on a
por ous base made of tungsten. This 10 cat hode substrate contains

scandi um and th% ehar %, 3 a top heglgfl AR té;]ltaggelaa{ & W ferperat ure.

However, under oper at I ng-con | on acts are st rong

recovery of LheSrutlyr § Olenbhq GalNade St flthe first FOHIdAMody

| ate, so that excellent resu t's cannot obtai ned. Japanese

Patent Appli cat 'lgnpwlded on the @ilils'tceftdr‘?r[écﬁ]b&ﬂygm- TH SEl 0 asa tthedd hode

substrate in ch a cover |ayer nmade of tungsten and scandi um

oxi de 's%bl%ﬁ:(i'\é't@ed AR RAIAS cFURS! reller: tridi Sentid hiowle substance
substrate contains scandium and therefore, can be 20 operated at a

| ow t enper at ur eis hesevrdictednder be low, ampetﬂamre@mncﬁhé ohi fdratt imen

i npacts are strong, recovery of the structure of the cathode
substrate of thel fcathode |caine bes @ lidmtatedel |Howevessulurdeannot be
obt ai ned. Japanese Patent Application KOKAl 25 Publ i cati on 64-21843
di scl oses a cat peeadiipg caneliition that lqmllé‘kp%tcﬁﬁ rate fFFRIRE b IERC PERA Ny

a |l arge average
of the structure of the cathode substrate surface is

late, so that excellent results cannot be obtained.
10 Further, Japanese Patent Application KOKAI
Publication 1-161638 discloses a cathode substrate in
which a layer of scandium compound or scandium alloy is
provided on a porous substrate made of high melting
point metal. Japanese Patent Application KOKAI
15 Publication No. 3-105827 and Japanese Patent
Application KOKAI Publication No. 3-25824 disclose
a cathode substrate in which a layer of a layered
structure or of a mixture substance is formed on
a pordus substrate. The layered structure consists
20 of a mixture layer of tungsten and scandium oxide,
and a layer of a scandium supplier, e.g., Sc combined
with Re, Ni, Os, Ru, Pt, W, Ta, Mo, or the like.
The mixture substance is made of these materials.
Japanese Patent Application KOKAI Publication
25 No. 3-173034 discloses a cathode -substrate in which
a layer containing barium and scandium is included as

an upper layer of a high melting point metal porous



partfcle di aneter of, for exanple, 20 to 15 [err]mis

10 provi ded, and a top head whose average particle

dianeter is smaller than that of the first formed body i's provided
on the first fornmed body. In this cathode substrate, evaporation of
an el ectron em ssion substance 5 s restricted to be I ow, and
therefore, the life-tine of the cdthode can be el ongat ed. However,
under ' operating condition that ion inpacts are strong, recovery

of the structure of the cathode substrate surface is | ate, so that

excel | ent resul Ls, eagnol, be ,0blainedpaclls apel icaditil Mkarapanese Patent

Application K I"cation oses a cat hode

substrate in bélc‘é/%'l%ﬁ fio.a%eh 68h gsC Al 5[@5%%”1&0'&%%%&%%%@ | oy
S prOV|3e on a porous substrate ma hi gh nmelting

poi nt._etal . JapangaecRal ¢el Anakpael, &N 1696ALd B3 ructuReblodiatd L.
3-105827 and Japanese Patent Appl i Cati on KOKAI Publication No.

3-25824 discl osgignh meltx@gcg bhiade nethgt salcd ias \shitthgs teay dayefr,a | ayered
structure or of a nlxture substance is formed on a porous

substrate. The hageagdisiv Qekere e@omdiesiiam A@dyer aofd ahwi Mtidkee isayer of
tungsten and scandi um oxi de, and a layer of a scandi um supplier
e.g., Sc conbi nédrmed on a piokbuBe sulistr@e RadePtof WidhameNd ing pdiat i ke.
metal. However, the cathode substrates described above
cannot ensure sufficient recovery of scandium after
an ion impact, the low-temperature operation ability is
10 insufficient. Thus, a sufficient ion-impact resistance
cannot be attained.
Disclosure of Invention
As has been explained above, a conventional
impregnated-type cathode assembly cannot attain
15 a sufficient ion-impact resistance under condition
of a high voltage and a high frequency. Therefore,
deterioration in the electron emission characteristic
due to an ion impact cannot be sufficiently prevented,
and hinders improvements in outputs of an electron tube
20 and in brightness of a picture tube.

In addition, in a scandium-based impregnated-type
cathode assembly which can be operated at a low temper-
ature, there is a drawback that recovery of lost Sc is
late and the operation ability at a low temperature is

25 deteriorated if the cathode once receives an ion impact

under condition of a high frequency. Thus, this

cathode assembly is not sufficiently practicable.



The m xture substance is nmade of these materials. Japanese Pat ent
Application KOKAlI Publication 25 No. 3-173034 discloses a cathode
substrate in which a layer containing bariumand scandiumis

i ncl uded as an upper |ayer of a high nelting point metal porous
substrate. Japanese Patent Application KCﬁél Publ i cati on No.
5-266786 discl oses a cathode substrate in which, for exanple, a

| ayered structure containing hi gh nelting point nmetal such as a
tungsten layer, 5 a scandium |l ayer, a rheniumlayer and the like is

formed on a porous Swhﬁtbéhgeﬂ%dgnqgnﬂﬁgg PRlst HRGPHHe in vieW'%Etal
However, the cat hode subStrates described above cannot ensure

sufficient recopeoplemssaandedtrabk@l above, an@ ha@Nal MGk JHhiect
| ow-t enperature operation ability is 10 insufficient. Thds, a

sufficient ion-bfippebvidingt anceémproved igpieghakedaitlpenedthode

Di scl osure of Invention As has been expl ai ned above, a
conventi onal substrabpregbht edhighepeattbedenaesantl y Gangoll ifet-aiime ,15
a sufficient ion-inpact resistance under condition of a high

vol tage &nd a hwvhhchregbéhiys Thenéfdcéent ion-imgeter resdsitancienanke

el ectron em ssion characteristic due to an ion inpact cannot be
sufficiently préGeftegllent elecprgnhpndessonnpndegneanditnooubfuts of an

el ectron tube
_ a high voltage and a high frequency.

The present invention has a second object of

obtaining an excellent impregnated-type cathode
10 assembly with use of an improved impregnated-type
cathode substrate.

The present invention has a third object of
obtaining an excellent electron gun assembly with use
of an improved impregnated-type cathode substrate.

15 The present invention has a fourth object of
obtaining an excellent electron tube with use of
an improved impregnated-type cathode substrate.

The present invention has a fifth object of
providing a preferred method of manufacturing

20 an impregnated substrate according to the present
invention.

Firstly, the present invention provides
an impregnated-type cathode substrate comprising
a large particle diameter low porosity region and

25 a small particle diameter high porosity region which is
provided in a side of an electron emission surface of

the large particle diameter low porosity region and has



20 and in brightness of a picture tube. In addition, in a
scandi um based i npregnat ed-t ype cat hode assenbly which can be
operated at a | ow t enper - ature, there is a drawback that recovery
of lost Sc is | ate and the operation ability at a | ow tenperature
Is 25 deteriorated if the cathode on receives an ion inpact

under condition of a high frequency. Thus, This cat hode assenbly
is not sufficiently practicable.

12 The present invention has been made in view of

probl ems as. desqrl BV pa-ANd 1A% Aufd vt AHERE: than an SfeRiqyi ding

an i nproved i npregnat ed-type cat hode substrate with a hi

performance andpadtaRdd ididmidt® of The 1YL hrdidid sdpamads clont
I on-i npact resistance and an excel l'ent el ectron em ssion under

condition of  porositd Regiotoldmpe Purdsiiwhidleateitan a porosity

The present invention has a second object of obt ai ni ng an

excel | ent i npregifattde:- tlyreyec glahrade 1€l @ iame t@ss e yparrddi g erexfiam, | npr oved
| npregnat ed-type cat hode substrate. The present

i nventi o6 has as@lidr dmphjegoatefd-type cathysienibsimyg aimprewtdtesd widetron
gun assenbly with use of an inproved inpregnated-type cathode
substrate. 15 an electrphe eprissden iswREhans® has a fourth object of

Secondly, the present invention provides a method
of manufacturing an impregnated-type cathode substrate
according to the first present invention, characterized

10 by comprising:

a step of forming a porous sintered body to form
a large particle diameter low porosity region;

a step of obtaining a porous cathode pellet by
forming a small particle diameter high porosity region

15 in an electron emission surface side of the porous
sintered body, said small particle diameter high
porosity region having an average particle diameter
smaller than that of the large particle diameter low
porosity region and a porosity higher than the porosity

20 of the large particle diameter low porosity region;

a step of cutting or punching the porous pellet,
thereby to form a porous cathode substrate; and

a step of impregnating the porous cathode
substrate with an electron emission substance.

25 Thirdly, the present invention provides a method

of manufacturing an impregnated-type cathode substrate

according to the first aspect of the invention,



obt ai ni ng an excellent electron tube with use of an i nproved
inpregnat ed-type cat hode substrate. The present invention has
a fifth object of providing a preferred method of manufacturing

20 ~an inpregnated substrate according to the present

i nventi on. Firstly, the preggnt invention provides an
| npregnat ed-type cathode substrate conpriSing a large particle

di aneter |ow porosity region and 25 a small particle diameter high
porosity region which is provided in a side of an el ectron em ssion

surface of charhB€ekabga Bgr&bﬁbeig&aaet er low porosity region and has
13 an average partitCle dianeter smaller than an average

particle dianmeter of st Beekabgefe%&hgl 8 gb@aBukeEin®@red body tROfOII Y
region and a porosity higher than a porosity of the large particle

di aneter | ow pogoshiyer paireiicle Biametegaldwi ppregiaiedetyipa;cat hode bei ng
i npregnated with an el ectron em ssion substance.
Secondly, the present Enegenbifonbpadwidgsaaprebhedcathode pedfletaiwyf act uring
an i npregnat ed-type cathode substrate according to the first
present snventi farméhgr acsmailiegartdcle dppmesepr hdighgporosity region g
step of formng a porous sintered body to form a large particle
di aneter | ow poibsanyelegtsan emission surface side of the porous
sintered body, said small particle diameter high
porosity region having an average particle diameter
smaller than that of the large particle diameter low
10 porosity region and a porosity higher than that of the
large particle diameter low porosity region;

a step of providing a filler selected from a group
of metal and synthetic resin having a melting point of
1200C or less, in the electron emission surface side

15 of the porous cathode pellet;

a step of heating the porous cathode pellet
provided with the filler, at a temperature at which the
filler can be melted, such that only the filler is
melted;

20 a step of cutting or punching the porous sintered
body into a predetermined size, to form a porous
cathode substrate;

a step subjecting the porous cathode substrate to
tumbling processing, thereby to remove burrs and

25 contaminations;

a step of removing the filler from the porous

cathode substrate subjected to the tumbling processing;



a step of obtaining a porous cathode pellet by formng a small
particle dianmeter high porosity region 15 In an el ectron em ssion
surface side of the porous sintered body, said snmall particle

di anet er high porosity region having an average particle dianmeter
smal ler than that of the large particle diameter |ow porosity
region and a porosity higher than the porosity 20 of the |arge
particle dianmeter |ow porosity region,; a step of cutting or
punchi ng the porous pellet, thereby to forma porous cat hode
substrate; and andg a step of inpregnating the porous cathode
substrate with an el ectron em ssion substance. 25 Thirdly, the
present invention previges efneapPdgnating thefpoBousachthoag an |

| npregnat ed-type cat hode substrate according to the .first aspect
of the inventi osmbstrate from which the filler has been removéd, with
characterized by conprising: a step of formng a porous
sintered body tanfelertron emigssiangsubatéancée di aneter | ow porosity
region; - a step of obtaining a porous cathode pellet b 5
forming & snmall partFekrethivinetke prgpepbr bRVeptieqni provides a mﬂtgﬁd

el ectron em ssion surface side of the porous sintered body, said
smal | particl e @f dnehefagtyhing an imppegratgdreygPencabliPdg anbaberbge

particle diameter ) i i .
according to the first aspect of the invention,

characterized by comprising:
a step of forming a sintered body made of high
10 melting point metal to form a large particle diameter
low porosity region; |

a step of preparing paste containing high melting
point metal powder having an average particle diameter
smaller than that of the large particle diameter low

15 porosity region and at least one kind of filler
selected from a group of metal and synthetic resin
having a melting point of 1200C or less;

a step of applying the paste to an electron
emission surface side of the porous sintered body made

20 of high melting point metal to form the large particle
diameter low porosity region;

a step of heating the porous sintered body made
of high melting point metal of the large particle
diameter low porosity region applied with the paste, to

25 a temperature at which the filler can be melted, such
that a small particle diameter high porosity region

having an average particle diameter smaller than that



smal ler than that of the large particle dianeter [ow 10 porosity
region and a porosity higher than that of the | arge particle

di aneter | ow porosity region; a step of providing a filler
selected froma group of metal and synthetic resin having a nelting
poi nt of 1200[err]C or less, in the electron em ssion surface side
15 of the porous cathode pellet; a step of heating the
por ous cat hode pell et provided with the filler, at a tenperature at
whi ch t he filler can be nmelted, such that only the filler is

melted; 20  of the_Paliée?&)é&ftféﬁéid‘ﬂar@été‘f‘nli@&rnﬂoﬂﬂgi@?r9§§i§hn§ﬁ66d
body into a predeterm ned size, to forma porous cat hode substrat e;

a step subj ectidgdies POF QuisSgleat hosien stibst raf ethe large partiebeéing
processing, thereby to renove burrs and 25 cont am nati ons;

a step of renowigndter fidw epofsiny heegpbowuss formed, théhede sabstrate
subj ected to the tunbling processing;
15 atttain a porous catlxidp péllapregnating the porous cathode
substrate fromwhich the filler has been renoved, with an el ectron
em ssi onssubstance. a $tep of cuttiwmgrenlgynchéngrebenporavensibhepedvi des
a method body into a predetermined size, to form a porous |
cathode substrate;
a step of subjecting the porous cathode substrate
to tumbling processing, to remove burrs and
10 contaminations;
a step of removing the filler from the porous
cathode substrate subjected to the tumbling processing;
and
a step of impregnating the porous cathode
15 substrate with an electron emission substance.
Fifthly, the present invention provides
an impregnated-type cathode assembly characterized by
including an impregnated-type cathode substrate
according to the first aspect of the invention.
20 Sixthly, the present invention provides
an electron gun assembly characterized by comprising
an electron gun provided with an impregnated-type
cathode assembly including an impregnated-type cathode
substrate according to the first aspect of the
25 invention.

Seventhly, the present invention provides

an electron tube comprising an electron gun assembly



of manufacturing an inpregnated-type cathode substrate according to
the first aspect of the invention, characterized by conpri sing:

a step of formng a sintered body nade of high 10 mel ti ng point netal
to forma large particle dianeter | ow porosity region

a step of preparing paste containing highjyelting poi nt net al

powder having an average particle dianeter smal l er than that of the
| arge particle dianeter ow 15 porosity region and at |east one kind
of filler selected froma group of netal and synthetic resin

havi ng a nel ti ngspaignanokléz2@@per ghG prolvdsied with an impregnastesp-tofpe
applying the paste to an el ectron em ssion surface side of the '
porous si nter edcestpdendeserPly ingfludiigiy wml timpy qgsiattedrdtvpe taatflrda t he

| arge particle di aneter | ow porosity region; _ a step
of heating the pubstgaseneeceddiody tendide first agipaqitglfmdth® ng point

metal of the large particle di aneter |ow porosity region applied
with the paste, HiFenEgon. 4 tenperature at which the filler can be nelted,

such that a snal | rti.cl e di aneter high pqrosity regi.on
havi ng as aver age pargtlir‘EIeept eaﬁ@PEFggﬁéﬁﬁéFYFﬁaﬁqﬁ%ﬁd% Q@seﬁ%ly

16 of the |large particle dianeter | orosity re
accord?n t% t%e present 1nveﬂ@y n usesBSn f%ﬁ¥bég]

cathode substrate, the assembly attains a sufficient
ion-impact resistance under condition of a high voltage
and a high frequency, thus achieving an excellent

10 electron emission characteristic.

In addition, since a layer made of a particular
substance is formed on an electron emission surface of
the impregnated-type cathode, the operation ability at
a low temperature is much improved.

15 Further, since an impregnated-type cathode having
a surface and pore portions of an excellent condition
is obtained by using the manufacturing method according
to the present invention, it is possible to provide
an impregnated-type cathode assembly which has

20 a sufficient ion-impact resistance and an excellent
electron emission characteristic.

Furthermore, by using an impregnated-type cathode
assembly according to the present invention, it is
possible to obtain an electron gun assembly and

25 an electron tube which can operate excellently under

condition of a high voltage and a high frequency.



a porosity higher than that of the large particle di aneter | ow
porosity region is forned, thereby to obtain a porous cat hode

pel | et; 5 a step of cutting or punching the porous sintered

body into a predeterm ned size, to forma porous cat hode substrat e;
a step of subjecting the porous cathode s trate to tunbling
processing, to renove burrs and 10 contam nati ons; a step
of renoving the filler fromthe porous cat hode substrate subjected
to the tunbling processing; and a step of inpregnating

t he porous cathode 15 S ulisitd At s ot ip b e | St e B $Si on subst ance.

Fifthly, the present invention provides an i npregnat ed-t ype cat hode
assenbly characterizeidy 1 is a sdHdlidGRIEd THEEHE efbr Yerep Ll MDske

substrate according to the first aspect of the invention. 20
Sixthly, the presemxanplentaforampreddadaon gun assemlelyecisomnm guatlasdenbl y
characterized by conprising _ an el ectron gun provided with an
i npr egnat ed-t ypegay tube, cdeoub s demiiihe iprdasfithginventigregnat ed-t ype
cat hode substrate aqcordinqlto the first aspect of the 25
i nventi orb. FIG. Sevightth|SEhamad it €3S 15RnTEQF RARiesining
an el ectron tube conprising an el ectron gun assenbly
a main part of an example of an electron gun assembly
for a klystron tube, according to the present
invention.
FIG. 3 is a schematic cross-section for explaining

10 an example of an electron tube for a cathode ray tube,
according to the present invention.

FIG. 4 is a schematic cross-section for explaining
a main part of an example of an electron tube for
a klystron tube, according to the present invention.

15 FIG. 5 is a schematic cross-section for explaining
an example of an electron tube for a traveling wave
tube, according to the present invention.

FIG. 6 is a schematic cross-section for explaining
an example of an electron tube for a gyrotron tube,

20 according to the present invention.

FIG. 7 is a partially cut schematic view showing
a first example of an impregnated-type cathode
assembly, according to the present invention.

FIG. 8 is a model view showing a structure of the

25 impregnated-type cathode of FIG. 7.

FIG. 9 is a graph showing the electron emission

characteristic of the impregnated-type cathode assembly



17 using an electron gun provided with an inpregnated-type

cat hode assenbly including an inpregnated-type cathode substrate
according to the first aspect of the i nvention. 5 Si nce
t he i npregnat ed-type cat hode assenbly according to the present

i nvention uses an inproved cathogg substrate, the assenbly attains
a sufficient i on-inpact resistanCé under condition of a high

vol t age and a high frequency, thus achieving an excellent 10

el ectron em ssion characteristic. In addition, since a |ayer
made of a partigglpig. 7. substance is fornmed on an el ectron em ssion
surface of the i npregnated-type cathode, the operation ability at

a low tenperature isprnuchipnpsoyesdcheddtic view shbwihgen, sgirie€uzd of

i npr egnat ed-type cat hode havi ng a surface and pore portions of an
excel l ent condi&iosthode assemblpbtaedednby setngdt beampiefact uri ng net hod
accordi ng to the present invention, it is possible to provide

an i npregnat ed-type E&Ghollé assenbbgebhivébwhabow2@8g a staustfitecipént

i on-impact resistance and an excel | ent el ectron em ssion
charactefistic.a cathode assempyytnsedois, abphiizAngxamPlepr egnat ed-t ype
cat hode assenbly according to the present invention, it is
possi bl e to obtain ahI@}et?rbh guaraBBefBpPyingdtheselectrgn eMEEEABA t ube

whi ch can operate excellently under condition of a high voltage
and a hi gh frqugﬁgygterlstlc according to a fifth example.

FIG. 13 is a model view showing a structure of
a cathode assembly used in a sixth example.

10 FIG. 14 is a graph showing the electron emission
characteristic according to the sixth example.

FIG. 15 is a view showing steps of manufacturing
a cathode substrate used in the present invention.

FIG. 16 is a view showing steps of manufacturing

15 a cathode substrate used in the present invention.

FIG. 17 is a view for explaining steps of
manufacturing a cathode substrate used in the present
invention.

FIG. 18 is a view for explaining steps of

20 manufacturing a cathode substrate used in the present
invention.

FIG. 19 is a view for explaining steps of
manufacturing a cathode substrate used in the present
invention.

25 FIG. 20 is a view for explaining steps of
manufacturing a cathode substrate used in the present

invention.



18

Brief Description of Draw ngs FI G

1 is a schematic cross-section for explaining an exanpl e of an

el ectron gun assenbl
present invention.
expl ai ni ng

for a klystron tube,
FIG 3 is a schemati
el ectron tube for a
i nvention.

y for a cathode ray tube, according to the
5 FIG 2 is a schematic cross-section for
a main part of an exanpje of an electron gun assenbly
according to the present i nventi on.
c cross-section for explaining 10 an exanpl e of an
cat hode ray tube, according to the present

FIG. PhGishd & iR GRAMAE] £1105%g seedponof or expl ai ni ng

a main part of an exanple of an electron tube for a klystron tube,
accordi ng to theaphugaetiudimeert icethodkb substrate dddd fnisha présemtic
cross-section for explaining an exanpl e of an electron tube for a
travel i ng wave inventiori.ube, according to the present invention.

FIG 6 is a schemati

c cross-section for explaining ' an exanpl e of

an el ectron tube for FAGYyR2@t risn a wivelel 20iew shewnd dd nYtxec twee ppEsent

i nventi on.

FIG 7 is a partially cut schematic view show ng

a first exanpl e aokadmodepsapsirede pesardingeo a sevenlis@Edrpleaccor di ng
to the present invention. ) FIG 8 is a nodel ViGMIShO¥ﬁng a
structure of the 25FIG. Z3qp@megnacsiel ypevt AMysendfa Fferugture o

FIG 9 is a graph show ng the el ectron em ssion
a cathode substrate according to a seventh example.

FIG. 24 is a view for explaining other steps of

manufacturing a cathode assembly used in the present

10 invention.

FIG. 25 is a view for explaining other steps of

manufacturing a cathode assembly used in the present

invention.

15

Best Mode of Carrying Out the Invention

The present inventors attempted to raise the

formation speed of an dipole layer on an electron

emission surface of an impregnated-type cathode

assembly, to be higher than the speed at which the

dipole layer is broken or scattered by an ion impact.

20

An electron emission substance impregnated in

a porous cathode substrate is diffused along the

surface of metal particles in the substrate from the

inside of the metal substrate to the electron emission

surface, and forms an dipole layer on the electron

25 emission surface.

To shorten the time required until the electron

emission substance is diffused and forms an-dipole



characteristic of the inpregnated-type cathode assenbly

19 of FIG 7. FIG 10 is a schematic view show ng
a structure of a cat hode assenbly used in a second exanpl e.

FIG 11 is a nodel view showi ng a structure of 5 a cat hode assenbly
used in a third exanple. %alz I's a graph show ng the

el ectron em ssion characteristic %cording to a fifth exanple.
FIG 13 is a nodel view showing a structure of a cat hode assenbly
used in a sixth exarrpl e. 10 FIG 14 is a graph show ng the

el ectron enissi of the FHRFACIE | B1dCaRQE HAY e tondPeesbdl h exanple.

FIG 15 is a VI€M/§%OMAng steps of manufacturin a cat hode

substrate used iy tPeMIRREM £ 'é}yc?ﬂérpihg the diffusionFd&GtdRcés ehyiew
showi ng steps of manufacturing a cat hode substrate used in the

present inventiofs an effective méﬂr@d 1t iseduyigy fios paptacnéng steps of
manuf acturing a cat hode substrate used in the present I nventi on.

FIG 18 is a vi eidmstexpitidagnesiapodDfithOsubstrawauf akdarexgmpleat hode
substrate used in the present i nventi on. FIG 19 is
a view fg expl aihe nEpstieplse ofiameter of W which is metal forming the
substrate is generally 3 to 5 um. The W particles are
sintered and a large number of porous portions each
having a size of 0.3 um are formed between particles.
An electron emission substance is diffused through
10 these porous portions, and reaches the emission
surface, thereby forming an dipole layer. If the
dipole layer is broken by an ion impact, a new electron
emission substance must be diffused through the porous
and supplied to the entire emission surface. -In this
15 case, if the length of the porous portions through
which the electron emission substance passes is short,
the diffusion is accelerated, and a new electron
emission substance is immediately compensated for, so
that a sufficient electron emission characteristic is
20 obtained and the emission is recovered.

The present invention has been made on the basis
of the theory as described above, and the first aspect
of the invention provides an impregnated-type cathode
substrate which contains a large particle diameter low

25 porosity region, and a small parﬁicle diameter high

porosity region which is provided in the electron

emission surface side of the large particle diameter



manuf acturi ng a cathode substrate used in the present I nventi on.

25 FIG 20 is a view for explaining steps of

manuf acturi ng a cat hode substrate used in the present i nventi on.
20 FIG 21 is a view for explaining steps of

manuf acturi ng a cathode substrate used in i@e pr esent i nvention.
FIG 22 is a nodel view showing a structuré of 5 a cat hode substrate
according to a seventh exanpl e. FIG 23 is a nodel view

showi ng a structure of a cat hode substrate according to a seventh
exanple. low porddfdy dbd ot Whavh IRds exXPdd N & Hbdedgst eps of
manuf acturing a cat hode assenbly used in the present 10 I nventi on.
FIG 25 is a vi guadicexplsindtyr il siepst ofhe large pati@béuring a .
cat hode assenbly used in the present i nventi on.

Best Mbde of Cardijdmgreditldepdroeitiy aregildn and has &Heighesgmrosient ors
attenpted to raise the formati on speed of an dipole | ayer on an
el ectron thami g oramsye freoet iof 1leand iame eemnat @d- pgmpes thy hoelgion,
assenbly, to be higher than the speed at which the di pole layer is

br oken ors scat t evigth b3aixh ¢atrthddpeaanbstrate being impregnated with
an electron emission substance. |

More specifically, the impregnated-type cathode
substrate according to the first aspect of the
invention contains at least a two-layered structure

10 substantially consisting of a first region formed of
sintered particles of a first average particles
diameter and having a first porosity, and a second
region provided at a part of an electron emission
surface of the first region and having a second average

15 particle diameter smaller than the first average
particle diameter and a second porosity higher than the
first porosity. Note that the first region is called
a large particle diameter low porosity region, and the
second region is called a small particle diameter low

20 porosity region.

A porous cathode substrate used in the present
invention contains, for example, a sintered body
obtained by sintering powder of high melting point
metal, e.g., W, molybdenum (Mo), rhenium (Re), or the

25 like.

The term of "average particle diameter" is

an average particle diameter of particles forming the



20 An el ectron em ssion substance inpregnated in a porous
cat hode substrate is diffused al ong the surface of netal particles
in the substrate fromthe i nside of the netal substrate to the

el ectron em ssion surface, and fornms an dipole |ayer on the

el ectron 25 em ssi on surface. 2 To shorten the tine
required until the electron em ssion substance is diffused and

fornms an dipol e 21
| ayer, the diffusion distance may be shortened. As a net hod of

shortening the diifrftesdean st A ©btdEi&d above. 1S an effective method of
reduci ng the particle di aneter of the netal of the substrate. For

exanple, 5 the mird ielteixl PRicrs AatMode Cls s SmPEy dha Op&i Ng the
substrate is generally 3 to 5 [err]m The Wparticles are sintered
and a | arge nuntisprefgnzdreslisvipdr tdronsl eatclon emissid@vidigstast@p 6F 0.3
[err]mare fornmed between particles. An el ectron em ssion substance
is diffused thraggions) of thehessgmivlguseyrept ofisr anphreachesedhe eni ssion
surface, thereby formng an dipole layer. If the di pole layer is
broken by an i of -iGpa@XcepPthdWeltds noirinity of ephe st lecbubstemies host be
di ffused through the porous ) and supplied to the entire em ssion
surface. In thi $urfgce, maysde jimpragn Y iofh t e piessrporenbssieonr ough

substance.
According to a first preferred embodiment of the
first aspect of the invention, the large particle
10 diameter low porosity region preferably has an average
particle diameter of 2 to 10 um and has a porosity of
15 to 25%.
More specifically, the impregnated-type cathode
substrate according to the first preferred embodiment
15 of the first aspect of the invention includes at least
a two-layered structure substantially consisting of
a large particle diameter low porosity region which is
formed of sintered particles having an average particle
diameter of 2 to 10 um and has a porosity of 15 to 25%,
20 and a small particle diameter high porosity region
which is provided at at least a part of the electron
emission surface and has a smaller average particle
diameter than the average particle diameter of the
large particles diameter low porosity region and
25 a higher porosity than the porosity of the large
particle diameter low porosity region.

According to a second preferred embodiment of the



whi ch the el ectron em ssion substance passes is short, t he

diffusion is accelerated, and a new el ectron em ssion substance is
i mmedi atel y conpensated for, so that a sufficient electron em ssion
characteristic is 20 obt ai ned and the emi ssion is recovered.

The present invention has been made on the,basis of the theory as
descri bed above, and the first aspect of the invention provides an
I mpr egnat ed-type cat hode substrate which contains a |arge particle
di aneter | ow 25 porosity region, and a small particle dianmeter high
porosity region mhigh és&])é&@véfj%é NAVEnel &€l reRe small pagfigskon surface
side of the large particle dianeter

22 | OV S £ Yh 1§01 U WY 6 Pe§idn SPBeFEFaBYPr RS an average .
particle dianmeter than the of the large particle di aneter | ow
porosity regi on gt ivse adivmgdwssr paidshtys equal tdhan laegeéar gbaparticle
di aneter | ow porosity region, 5 with said cat hode substrate being

i mpregnated with.1 um andnielswioer ephasi 2n0 subst andehas a porosity More
specifically, the inpregnated-type cathode substrate according to
the first5aspectwhfch hies 25% to 4Q%wention contains at |east a two-Iayered
structure 10 substantial |y consisting of a first region forned of
sintered particles cﬁMQFqiﬁEﬁC%ghﬁQ&ﬁyimﬁ¥¢c+%%regnated’tﬂPﬁnEFEFOQﬁd

having a first porosity, and a second .
substrate according to the second preferred embodiment

of the first aspect of the invention comprises a two-
layered structure substantially consisting of a large
10 particle diameter low porosity region and a small
particle diameter high porosity region which is
provided at at least a part of the electron emission
surface of the large particle diameter low porosity
region and which is formed of a sintered body made of
15 particles having an average particle diameter which is
equal to or larger than 0.1 um and is smaller than
2 um, and which has a porosity of 25 to 40%.

According to a third embodiment of the first

aspect of the invention, the small particle diameter
20 high porosity region preferably has a thickness of
30 um or less.

More specifically, the impregnated-type cathode
substrate according to the third preferred embodiment
of ﬁhe first aspect of the invention includes at least

25 a two-layered structure substantiali¥ consisting of
a large particle diameter low porosity region and

a small particle diameter high porosity region which is



region provided at a part of an electron em ssion surface of the
first region and having a second average 15 particle dianmeter snaller
than the first average particle dianeter and a second porosity

hi gher than the first porosity. Note that the first region is
call ed a large particle dianeter Jow porosity region,. and the
second region is called a small particle dianeter low 20 porosity
region. A porous cat hode substrate used in the present

I nvention contains, for exanple, a sintered body obt ai ned by

sintering powdenQfyikicth ®ldt NG RA N part of tHEeldllect:dh ,enssidybdenum
(M), rhenlun1(ﬁé) or the 25 i Kke. The term of
"average parti clsairdia@ieic "thes large partaitlayeliametar tiod pakiasityer of
particles formng the 23
sintered body aseafiicai medi athoveh has a thicknessThef &l i e Qporlmss cat hode
assenbly may be | npregnated with an el ectron em ssion substance,
or regi ons @fcadrsligssditblay faxoeh dreferysd tenbpdigignt of the
e.g., except for the vicinity of the electron em ssion surf ace,
may be i Bpregnatfddati @snant alfedtheorinyAnsian the small pagtifeke

According to a first preferred enbodi nent of the ,
diameter high porosity region is preferably provided

linearly or scattered in the electron emission surface
side of the large particle diameter low porosity
region.

10 More specifically, the impregnated-type cathode
substrate according to the fourth preferred embodiment
of the first aspect of the invention includes
a structure substantially consisting of a large
particle diameter low porosity region and a small

15 particle diameter high porosity region which is
provided linearly or scattered in the electron emission
surface side.

According to a fifth preferred embodiment of the
first invention, the average particle diameter and the

20 porosity change in stages from the large particle
diameter low porosity region to the small particle
diameter high porosity region.

More specifically, the impregnated-type cathode
substrate according to the fifth preferred embodiment

25 of the first invention substantially has a structure in
which the average particle diameter decreases in the

thickness direction toward the electron emission



first aspect of the invention, the large particle 10 di aneter | ow
porosity region preferably has an average particle dianmeter of 2
to 10 [err]mand has a porosity of 15 to 25% Mor e
specifically, the inpregnated-type cathode substrate according to
the first preferred enbodi ment 15 ofpg he first aspect of the

I nvention includes at |east a two-layered structure substantially
consi sting of a large particle diameter |ow porosity regi on which
S formed of sintered particles having an average particle
diameter of 2 t@ui@aker kliedRthdnash FHIVPIOYHey pProkii iy idhdpeasts towawdd a
smal | particle dianmeter high porosity region whi ch is provided at
at | east a part tbk ehecthrest eission surfadessiaie surface and has a snaller
average particle di aneter than the average particle dianmeter of

t he | ar ge partcioriddngditamat erixdtdwporfesited rempiashineard @b the a
hi gher porosity than the porosity of the | arge particle dianeter

| ow porosity rediiast aspect of the Agwemdiimgnt @ta lEsondns elfééferred

enbodi nent of the

first aspect of con&ailmiagt dénlegiss ong (kigy qfc|qlement Seletﬁ%?r?etfe?o%l gh

porosity region preferabl has an aver age particle dianmeter which
is equal to or Pa@&eup: Rdniridium (Ix)y QSMHUR a(rﬂf)lfs e iedy 2.0

0,
[err]m and has a %%rnc.{%lmtyRu), rhodvmllmCh(l{hS) ,25a¥1)dt Osc4a0n33.um (Sc) is

further formed on the electron emission surface.
More specifically, the impregnated-type cathode
10 substrate according to the sixth embodiment of the
first aspect of the invention includes a layered
structure consisting of at least three layers of
a large particle diameter low porosity region, a small
particle diameter high porosity region provided in
15 the electron emission side, and at least one layer
including at least one kind of element selected from
a group of iridium, osmium, rhenium, ruthenium,
rhodium, and scandium.
In the first aspect of the invention, the entire
20 porous cathode substrate may be impregnated with
an electron emission substance, or region of the
substrate except for a part thereof, e.g., except for
the vicinity of the electron emission surface, may
be impregnated with an electron emission substance.
25 Otherwise, only the large particle.diameter low
porosity region may be impregnated with an electron

emission substance.



More specifically, the inpregnated-type cathode substrate
according to the second preferred enbodi nent of the first aspect
of the invention conprises a two- | ayered structure substantially
consisting of a large 10 particle diameter |ow porosity region and a
smal | particle dianmeter high porogjty region which is.

provided at at |least a part of the electron em ssion surface of
the large particle dianmeter |ow porosity region and which is
formed of a sintered body nade of 15 particles having an average

particle dianeter whifheigecond aspe®fUsd tKeOintvéfigiednt pasvdés[err] m and
Is smaller than 2 [err]m and which has a porosity of 25 to 40%

According to a tdineklesdask meriufdctdheinig rat impregnatadpegpeotathede,

i nvention, the small particle dianeter 20 hi gh porosity region
preferably has aad h giorefsrioédd method oB0nimufieterihgssen impregnated-

More specifically, the inpregnated-type cathode ‘substrate
accordi ng to thetype rehiphederswes wrdlerli grgrrding to the fhestiaspea§peét of
the invention includes at |east 25 a two-layered structure
substanti@l |y cdig stavgpbton, said methed (@OPRFiFENe: di ameter | ow porosity
regi on and a small particle dianeter high porosity regiqn which is
25 provi ded ht &itSteRE af‘b%ﬂ”fn%fatﬂ’i%r‘é‘llgcﬂﬂﬁeEﬁiisngﬁ

having a large particle diameter and a low porosity;
(2) a step of obtaining a porous cathode pellet
by forming a small particle diameter high porosity

10 region in the electron emission surface side of the
porous sintered body, said small particle diameter high
porosity region having a smaller average particle
diameter than the average particle diameter and
a higher porosity than the porosity of the large

.15 particle diameter low porosity region;
(3) a step of cutting or punching the porous
pellet, to form a porous cathode substrate; and
(4) a step of impregnating the porous cathode
substrate with an electron emission substance.

20 The small particle diameter high porosity region
is preferably formed by a method selected from a group
of a printing method, a spin-coating method, a spray
method, an electrocoating method, and an elution
method.

25 The third aspect of the invention relates to
an improved version of the method according to the

second aspect of the invention and provides a method of



surface of the large particle diameter |ow porosity regi on and

whi ch has a thickness of 30 [err]mor |ess. According to a
fourth preferred enbodinent of the 5 first aspect of the invention,
the small particle di aneter high porosity region is preferably
provi ded linearly or scattered imghe electron emi ssion surface
side of the large particle dianmeter |ow porosity region. 10
More specifically, the inpregnated-type cathode substrate
according to the fourth preferred embodi ment of the first aspect
of the inventi Ojdriifdddasring an impredriarddi®ysasdaddal dupsorsts) i ng  of
a large particle diameter |ow porosity region and a small 15
particle di anet ehadaitqmorasd thy regimnsiigh is provided linearly
or scattered in the el ectron em ssion surface side.
According to a fifth (pref ex rescerenbbdioreningfa tgwrous sintexeéd shodynventi on,
the average particle diameter and the 20 porosity change in stages
fromthe large petirg e large pamiiianes etidmgtgorad ty kagirgredithe sl |
particle di aneter high porosity region. Mor e
specificdl ly, the inprZgna ey pef Chittoideing a porouy ysthade bk ng to
the fifth preferred enbodi mrent 25 ~of the first invention |
substantial |y h&y £ming i enall particleuianairr MghdeiRitiel e
di anmet er decreases jn the t hi ckness, di recté' on toward éheh el ectron
eni ssi on region in the electron emission surface side of the

porous sintered body, said small particle diameter high

porosity region having a smaller average particle

10 diameter than the average particle diameter of the

large particle diameter low porosity region and

a higher porosity than the porosity of the large

particle diameter low porosity region;

(3) a step of providing a filler selected from
15 a group of metal and synthetic resin having a melting

point of 1200C or less, in an electron emission surface

side of the porous cathode pellet;

(4) a step of heating a formed resultant
including the filler, at a temperature at which the

20 filler can be melted, such that only the filler is
melted;

(5) a step of cutting or punching the porous
sintered body in a predetermined size, to form a porous
cathode substrate, and of subjecting the porous cathode

25 substrate to tumbling processing, -thereby to remove

burrs and contaminations;

(6) a step of removing the filler from the porous



26 surface side and in which the porosity increases toward

the el ectron em ssion surface side. According to a sixth
preferred enbodi nent of the first aspect of the invention, at

| east one | ayer 5 containing at | east one kind of element selected
from a group of iridium(lr), osmigum (Gs), rhenium (Re),

rut heni um (Ru), rhodium (Rh), and scandium (Sc) is further forned
on the el ectron em ssion surface. More specifically, the

i npregnat ed-type cathode 10 substrate according to the sixth

embodi nent of tB@thode subshtirate auRSected thte thw el PradessHidgyer ed
structure consisting of at |least three |ayers of a large particle

di aneter | ow poa@gity region, a small particle dianmeter high
porosity region provided in 15 the el ectron em ssion side, and at
| east one | ayer (7) lanclteg od dmpregstatdmey Kihed pofraeisererithald ect ed
from a group of iridium osmum rhenium ruthenium
rhodi um and scambhstimate from which the tfid Yer dtasadipet nsmaves i widdt i on,
the entire 20 porous cat hode substrate may be inpregnated with
an el ect bon eni 88i AESHEEONABEE S SOy SRS B S he substrate except
for a part thereof, e.%., except for the vicinity of the electron
em ssi on surface, maliote that the pegodsnh&eddade Peddsd 83 6h MY %h
substance. 25 herwi se, only the Iaggf artjclecpianeter | ow

qa cte to pré)rﬁesssﬁ

porosity regi onCRERORE SWbSEFRECeOtOTE BF %t

substance. of cutting or punching the base into a porous cathode
substrate having a predetermined shape.
10 According to the fourth aspect of the invention,
there is provided a method of manufacturing
an impregnated-type cathode substrate, characterized by
comprising:

(1) a step of forming a sintered body made of

15 high melting point metal as a large particle diameter
low porosity region;

(2) a step of applying paste containing high
melting point metal particle having a smaller average
particle diameter than an average particle diameter of

20 the large particle diameter low porosity region and at
least one kind of filler selected from a group of metal
and synthetic resin having a melting point of 1200C or
less, to an electron emission surface side of the
porous sintered body, and of performing baking at

25 a temperature at which the filler can be melted,
thereby to form a porous sintered body as a small

particle diameter high porosity region and to melt the



27 The second aspect of the invention provides a
nmet hod of manufacturing an inpregnated-type cathode, as a
preferred nmethod of manufacturing an inpregnated- t ype cat hode
substrate according to the first aspect of 5 the invention, said
met hod conpri sing: (1) a stygp of forming a porous sintered
body having a |arge particle dianeter and a | ow porosity;

(2) a step of obtaining a porous cathode pell et by form ng a snal
particle dianmeter high porosity 10 region in the electron em ssion

surface side of filléder in the pokous siintered Body,; said small particle
di anet er hi gh porosity region having a smaller average particle
di ameter than the aveBageapattpcbé duamdnegr cangunching the Hghats porosity
than the porosity of the large 15 particle dianmeter |ow porosity
region; sintered( Bpdy dnep pkedetermgned purehi Ny tfermpar qusrous
pellet, to forma porous cathode substrate; and (4) a step
of |npregnat|ngcﬁﬁ Oﬁéréﬂbséaﬁﬁéde substrate with an el ectron

em ssi on substance. he smal| particle dianeter high porosity
region 5 is ﬁﬁéfePaEF?PfBﬁnﬁabﬁ?cﬁlﬁgtﬁ@& PorSse FAIAS group

of a printing netp i n- cogi net hod, .a spray net hod, an
el ectrocoating B ﬁGHatSn O huBPY i pgnPrOCeSs ing, ptChggmove burrs and’

contaminations;
(5) a step of removing the filler from the porous
cathode substrate subjected to the tumbling processing;
10 and
(6) a step of impregnating the porous cathode
substrate with an electron emission substance.
Further, it is possible to form an impregnated-
type cathode assembly with use of a porous cathode
15 substrate thus obtained. Also, it is possible to form
an electron tube with use of the impregnated-type
cathode assembly.
The fifth invention provides a porous cathode
assembly which uses the porous cathode substrate
20 according to the first aspect of the invention and
which is used for, for example, a porous cathode
assembly for a cathode ray tube, a porous cathode
assembly for a klystron tube, a porous cathode assembly
for a traveling wave tube, and a porous cathode
25 assembly for a gyrotron tube.
More specifically, the impregnated-type cathode

assembly of the fifth invention is a porous cathode



25 The third aspect of the invention relates to an

| mproved version of the nethod according to the second aspect of
the invention and provides a nmethod of

28 manuf acturi ng an i npregnat ed-type cat hode substrate,
characterized by conprising: i]) a step of formng a porous
sintered body having a |arge particle dianeter and a | ow porosity;
5 (2) a step of obtaining a porous cathode pell et by
formng a small particle dianeter high porosity region in the

el ectron eni ssi oRs§¥dASL conff i¥fing'@ porous RMHINe Hu¥aiBtdyicpai d
smal | particle dianmeter “high porosity region having a smaller

average particlecoh@ists ofi AMRligkeidedn body aeRIea@s PAldH Gl wiryet er of

t he | arge particle dianeter |ow porosity region and a

hi gher porosity thedmtt hetedr esirtty cdle tane Wawigh is impreqgitddlweith anmet er

| ow porosity region; (3) a step of providing a filler
selected from 1%n elecirpnoemics et substansent Retsuppoedi mexdbamg e

mel ting poi nt of 1200[err]C or less, in an el ectron em ssion
surface 5 ssipghe rafingh ¢ hgo porousachdliedselsidtsitrate, and a heg®r a
step of heating a fornmed resultant i ncluding the filler, at a
tenperature at wprevidesd izothe supporér membege wWhieredn $dieh parsusonly t he

filler is
cathode substrate substantially consists of a large

particle diameter low porosity region made of sintered
particle and having a first porosity, and a small

10 particle diameter high porosity region which is
provided at least a part of an electron emission
surface of the large particle diameter low porosity
region and which has a second average particle diameter
smaller than the first average particle diameter and

15 a second porosity higher than the first porosity.

An impregnated-type cathode assembly according to

a first embodiment of the fifth invention is a cathode
assembly comprising a porous cathode substrate which is
impregnated with an electron emission substance and is

20 formed of a sintered body of high melting point metal
powder, a support member for supporting the pérous
cathode substrate, and a heater provided in the support
member, wherein the porous cathode substrate has at
least a two-layered structure substantially consists of

25 a large particle diameter low porosity region which is

made of sintered particles having an average diameter

of 2 to 10 um and which has a porosity of 15 to 25%,



mel t ed; ' (5) a step of cutting or punching the porous
sintered body in a predeterm ned size, to forma porous cat hode
substrate, and of subjecting the porous cathode 25 substrate to
tunbling processing,-thereby to renove burrs and cont am nati ons;
(6) a step of renoving the filler fromthejporous

29 cat hode substrate subjected to the tunbling proceSS|ng

and (7) a step of inpregnating the porous cathode

substrate fromwhich the filler has been renoved, with 5 an el ectron
em ssion substang®d a small rtlcl\@t@lélh@tefhﬁleﬁr dgosathodegpehl et nmeans
a porous cat hode substrate before being subjected to processing
of cutting or puwricicingis herdasded nd® bBefst odspaathefean electrofiubstrate
havi ng a predeterm ned shape. 10 According to the fourth aspect
of the inventi oremission sutfwmre amxdphayi dedorosktpoligheranhéacthei ng

an i npregnated-type cathode substrate, characterized by

conpri si ng: porosity of 1jha karge opafbiciegdaaseheer dwbpdyosatie of 15
high nelting point nmetal as a large particle dianeter | ow porosity
region; 5 region(2) a step of applying paste containing high

An impregnated-type cathode assembly according to
a second embodiment of the fifth invention is a cathode
assembly comprising a cathode substrate which is
impregnated with an electron emission substance and is
10 formed of a porous sintered body of high melting point
metal particle, a support member for supporting the
porous cathode substrate, and a heater provided in the
support member, wherein the porous cathode substrate
has at least a two-layered structure substantially
15 consists of a large particle diameter low porosity
region and a small particle diameter high porosity
region which is provided at least a part of an electron
emission surface of the large particle diameter low
porosity region and which contains a sintered body made
20 of particles having an average particle diameter which
is 0.1 um or more and is less than 2.0 um, éaid small
particle diameter high porosity region having
a porosity of 25 to 40%.
An impregnated-type cathode assembly according to
25 a third embodiment of the fifth invention is a cathode
assembly comprising a porous cathode substrate having

a two-layered structure substantially consisting of



melting point netal particle having a snmaller average particle

di aneter than an average particle dianeter of 20 the large particle
di aneter | ow porosity region and at | east one kind of filler
selected froma group of netal and synthetic resin having a

mel ting point of 1200[err]C or | egg, to an electron em ssion
surface side of the porous sintered body, and of perform ng baking
at 25 a tenperature at which the filler can be nelted,

thereby to forma porous sintered body as a snall particle

di ameter hi gh pof opd#de @Ot PO i Bt 1HR porosity region and :
30 filler 1n the porous sintered body; (3) a step

of cutting or puncdmal tieertpisbeisdiameter hight poedshegyregianpr edet er m ned
size, to forma porous cat hode substrate; 5 (4) a
step of subj ectimgupeoporeeesbent fudesupportingstbet catbotle subbkicage,
processing, to renove. burrs and contam nati ons; (5)
a step of renoviandthehdaterrpiooidedeipotbassupport mephenodeasdbsmpade
subjected to the tunbling processing; 10 = and ) (6) a step
of inprednating Ravet ko udlangtRmehigh porositpsredienwbehngnPePEétesn

em ssi on substance. Further, it is possible tg form an
i mpr egnat ed- at least a part of an electron emission surface of the

large particle diameter low porosity region and having
a thickness of 30 um or less.
An impregnated-type cathode assembly according to

10 a fourth embodiment of the fifth invention is a cathode
assembly comprising a porous cathode substrate having
a two-layered structure substantially consisting of
a large particle diameter low porosity region and
a small particle diameter high porosity region,

15 a support member for supporting the cathode substrate,
and a heater provided in the support member, said small
particle diameter high porosity region being provided
linearly or scattered in an electron emission surface
side of the large particle diameter low porosity

20 region.

An impregnated-type cathode assembly according to
a fifth embodiment of the fifth invention is a cathode
assembly comprising a porous cathode substrate,
a support member for supporting the cathode substrate,

25 and a heater provided in the support member, said
porous cathode substrate substantially having a layered

structure substantially consisting of three or more



type cathode assenbly with use of a porous cathode 15 substrate thus
obtained. Also, it is possible to form an electron tube with use
of the inpregnated-type cat hode assenbly. The fifth
i nvention provides a porous cathode assenbl y which uses the porous
cat hode substrate 20 according to the,first aspect of ‘the invention
and which is used for, for exanpl&, a porous cathode

assenbly for a cathode ray tube, a porous cathode assenbly for a
kl ystron tube, a porous cathode assenbly for a traveling wave

tube, and a porougyé&ss hoflea Porge a§§§@ﬂ@|aiéﬂétérQYBthegoEEQ?- :
More specifically, the inpregnated-type cathode assenbl'y of the

fifth invention tegtoPppr@usm&pl hodleticle diameter high porosity region
31 assenbly conprising a porous cathode substrate MKICh

consi sts of a sipievidedoity amdeledthoghemessios surface spaent apgt al
particle and which is inpregnated with an el ectron em ssion
subst ance, a supporieastbene f bayer Scontaisimgoati hgasheoper riiadcatthode
substrate, and a heater provided in the support menber, wherein
t he porous elemenft eriteciadt fxere supseept ¢l Lyidous| sosmphma | ar ge
particle dianeter |ow porosity region nmade of sintered particle
and havi ng a firstepbibsifythemnn, sphediump and spapdieme di ameter hi gh
porosity region which is
In case where the cathode assembly according to
the fifth invention is used for a cathode ray tube, the
cathode assembly includes, for example, a cylindrical
10 cathode sleeve, an impregnated-type cathode substrate
fixing member fixed to an inner surface of an end
portion of the cathode sleeve, an impregnated-type
cathode substrate according to the first embodiment
fixed to the impregnated-type cathode substrate fixing
15 member, a cylindrical holder provided coaxially outside
the cathode so as to surround the cathode sleeve,
a plurality of straps each having an end portion fixed
to the outside of the cathode sleeve and another end
portion fixed to the inside of the cylindrical holder,
20 and a heater provided inside the cathode sleeve.
In case where the cathode assembly according to
the fifth invention is used for a klystron tube, the
cathode assembly includes, for example, an impregnated-
type cathode substrate, a support cylinder for
25 supporting the impregnated-type substrate, a heater

included in the support cylinder and embedded in

an insulating material.



provi ded at |east a part of an el ectron em ssion surface of the

| arge particle dianeter | ow porosity regi on and whi ch has a second
average particle diameter smal ler than the first average particle
di aneter and 15 a second porosity higher than the first porosity.

An inpregnated-type cathode assenbly accorging to a first

enbodi nent of the fifth invention is a cathode assenbly conpri sing
a porous cathode substrate which is i npregnated with an el ectron
em ssi on substance and is 20 formed of a sintered body of high

mel ting point metal A sixth &é}%@%,of? @wpﬁa&eﬂeﬂ@ﬁruéﬁ,@g_éu{&%&&éng the
por ous cat hode substrate, and a heater provided in the support

member, wher ei n ddichduds asisb St dmslea Sedsd1Rd echashdl first aspet€ast a

two-| ayered structure substantially consists of 25 a large particle
di aneter | ow pordse tinvegt ion Wo ghrovide an eled®eén ofusi aseswblpardrcl es
havi ng an average di aneter of 2 to 10 pm and which has a porosity
of 15 to 25% a cathode ray tube, a klystron tube, a tra®@ling wave and
a small particle diameter high porosity region whi ch is provided
at | east 5a part Wiben anda ragyrotron tubeni ssion surface and has a porosity
hi gher than the porosity of the large particle dianeter |ow
porosity 5 regitbrtase where the elRCixpn cgiat 2 eYDEY cat ¢oEeing

assenbly according to . ) . .
to the sixth aspect of the invention is an electron gun

assembly for a cathode ray tube, the assembly includes,
for example, an impregnated-type cathode assembly

10 according to the fifth invention, a plurality of grid
electrodes coaxially provided in an electron emission
surface side of the impregnated-type cathode assembly,
an electron gun having a convergence electrode
coaxially provided in front of the plurality of grid

15 electrodes, and a resistor as a voltage divider
connected to the electron gun.

FIG. 1 is a schematic cross-section showing
a color picture tube incorporating a resistor included
in an electron tube, as an example of the electron gun

20 assembly for a cathode ray tube according to the sixth
aspect of the invention.

In FIG. 1, the reference 61 denotes a vacuum
contdiner, and an electron gun assembly A is provided
inside a neck portion 6la formed in the vacuum

25 container 61. In the electron gun assembly A, a first
grid electrode Gl1, a second grid electrode G2, a third

grid electrode G3, a fourth grid electrode G4, a fifth



a second enbodi nent of the fifth invention is a cathode assenbl y
conprising a cathode substrate which is | npregnated with an

el ectron em ssion substance and is 10 formed of a porous sintered
body of high nmelting point nmetal particle, a support nenber for
supporting the porous cathode subgirate, and a heater provided in
t he support nenber, wherein the porous cathode substrate

has at |east a two-layered structure substantially 15 consists of a
| arge particle dianeter |ow porosity region and a small particle

di aneter high pea talectrode GY SH 08 ¥ Chri§ SIOVLASEe k6| eassedeneht Of
an el ectron em ssion surface of the large particle dianeter |ow

porosity regi on gidi Wiigdt &y aNs #ndian es gh bR dyr iR del e@brode GO®fare
particles having an average particle di aneter which is 0.1 [err]m
or nore and i s loesscitdldly Xdineat rimtisis dosdet) commonly whthicéspecanet er
hi gh porosity regi on having a porosity of 25 to 40%

An i npr egnat ed- tbypehozteh abs-hrasbenb | VA acoovelf gend® ePRé&ctrodeab? hisd

enbodi nent of the fifth invention is a cathode assenbly conpri sing
a porousScat hod@roydstadatias e ngpar stage hehipd| terafter ruke uweld
substantially consisting of 33

a large particl &§ G8%w porosity region and a small particle

di aneter high porosity region, a support_ nenber for supporting the
cat hode subgtrgte f&e é%id electrodes Gl,FEE, G3, G4, G5, G6PRG7 ang

G8 maintain a predetermined positional relationship,
and are mechanically held by bead glass 3. In addition,
10 the third grid electrode G3 and the fifth g:id
electrode G5 are electrically connected with each other
by a lead line 64. The convergence electrode 62 is
connected with the eighth grid electrode by welding.
In this electron gun assembly A, a resistor 65
15 incorporated in an electron tube is provided.
This resistor 65 comprises an insulating board 65A.
A resistor layer (not shown) and an electrode layer
connected to this resistor layer are formed on this
insulating board 65A. The insulating board 65A of this
20 resistor 65 is provided with terminals 66a, 66b, and
66c for drawing high voltage electrodes to be connected
to the electrode layer, and the terminals 66a, 66b, and
66c are respectively connected to the seventh grid
electrode G7, sixth grid electrode G6, and fifth grid
25 electrode G5. A terminal 67 provided on the insulating
board 65A of the resistor 65 and connected to the

electrode layer is connected to the convergence



and a heater provided in the support nenber, said small 5 particle

di anet er high porosity region being provided at least a part of an
el ectron em ssion surface of the | arge particle dianeter |ow
porosity region and having a thickness of 30 [err]mor |ess.

An i npregnated-type cathode assenbly accorgkng to 10 a fourth

enbodi nent of the fifth invention is a cathode assenbly conpri si ng
a porous cathode substrate having a two-layered structure
substantially consi sting of a large particle diameter |ow porosity
regi on and electrsddl b2 paghicheddhaBlhetebhinalob@sbley thedie@Rth 15 |

a support nenber for supporting the cathode substrate, and a

heat er provided $idéhehsthpostprevbeed 6ai dhemihbulating boRakl 66Ae and

di aneter high porosity region being provided | inearly or scattered
in an el ectron erosseocbedutdatke electrodei dayekr tibecbangetpadr tioCltde

di aneter |l ow porosity 20 regi on. An i npregnat ed-type
cat hode assenbl yeacxthrelegtrtede pin 69.a fifth enmbodi ment of the fifth

i nvention is a cathode assenbly conprising a porous cathode
substrat & Meapporte neaberapbiteuppodurhgvehdidat A6dexsebdingt e,
25 and a heater provided in_the support nenber, said por ous

cat hode substrat’e® stpRt eeal ¥§1 ha@f ngha nagkregrtion 6la 4srgeatpd on

substantially consi sting of ree or_nore
34 y the %nn r waif OF a funnel portion 61b of the vacuum

container 61, and the graphite conductive film 70 is
supplied with an anode voltage through a high voltage
10 supply button (which is an anode button not shown).

Further, the convergence electrode 62 is provided
with a conductive spring 79, and the conductive spring
79 is brought into contact with the graphite conductive
film 70, so that an anode voltage is supplied to the

15 eight grid electrode G8 through the convergence
electrode 62 and to the convergence terminal 67 of the
resister 65 incorporated in the electron tube, and
divisional voltages generated at the electrodes 66a,
66b, and 66c of a high voltage are respectively

20 supplied to the seventh grid electrode G7, sixth grid
electrode G6, and fifth grid electrode G5.

In case where the electron gun assembly according
to the sixth aspect of the invention is an electron gun
assembly for a klystron tube, the assembly includes

25 an impregnated-type cathode assembly according to the
fifth invention, a cathode portion incorporating the

impregnated-type cathode assembly, and an anode portion



| ayers of a large particle dianmeter |ow porosity region, a snall
particle dianmeter high porosity region provided in an el ectron

em ssion surface side, and at | east one layer containing at |east
one ki nd of 5 el enent selected froma group of iridium osmum
rhenium ruthenium rhodium and scandi um In case where the
cat hode assenbly according to t he ?ifth invention is used for a
cat hode ray tube, the cat hode assenbly includes, for exanple, a
cylindrical 10 cat hode sl eeve, an inpregnated-type cathode substrate

fixing menmber fiogukif]l Bp prReidsdidcen®fe PEL©F6h emission PONLEQR: O£t he
cat hode sl eeve, an inpregnated-type cat hode substrate according to

the first enboditmntimpregnateddtsgse tontiede ras sgmatwd-t ype cat hode .
substrate fixing 15 menber, a cylindrical hol der provided coaxially
out si de t he REC hatlei s aschamastia otk 4 heecti dwdtos| €eyPaining

a plurality of straps each having an end portion fixed to the
out si de of the catrirode pAdrevef and exmotpler @hdan electromoyun casséenietlyt o t he
i nside of the cylindrical holder, 20 and a heater provided inside the
cat hode $l eeve. for a klystron |fukeasacageding Heo cthe otliex bls sesp gt aetor di ng
to the fifth invention is used for a klystron tube, the

cat hode assenbl yehehcMKRIE1Gr exanpl e, an i npregnat ed- type

cat hode substrate, a support cylinder for, K 25 . supporting the
i npr egnat ed- t ype subdt§ &OwWm Hedils. 2. in the q@aipdRTh hetkipport

cyl i nder and enbedded in an insulatin terial
y example of an electron gun assé%b Yy gor a klystron

tube, a cathode portion 181 where a cathode assembly 81

10 is provided and an insulating portion 93 are sealed by
a welding flange 180 formed of a thin metal ring
engaged and tapered along the axial direction, and by
an arc welding sealing portion 184 at the top end of
the cathode portion 181. 1In addition, the insulating

15 portion 93 and the anode portion 95 are air-tightly
sealed by a welding flange 182 formed of a thin metal
ring engaged and tapered along the axial direction and
by a top arc welding sealing portion of the portion 183.
In order to assembly the electron gun assembly while

20 defining the distances of electrodes to the anode
portion 95, the insulating portion 93 and the anode
portion 95 are engaged with each other finally, and are
air-tightly sealed by the welding sealing portion 98.

In general cases; a difference in electrode

25 distances from designed dimensions-can be cited as

a drawback of an electron gun assembly which may

seriously affect the operation of a klystron tube.



35 A sixth aspect of the invention uses a porous

cat hode substrate according to the first aspect of the i nvention
to provide an el ectron gun assenbly for a cathode ray tube, a

kl ystron tube, a traveling wave 5 tube, and a gyrotron tube.

In case where the electron gun assenbly acgerdi ng to the sixth
aspect of the invention is an el ectron gun assenbly for a cathode
ray tube, the assenbly includes, for exanple, an inpregnated-type
cat hode assenbly 10 according to the fifth invention, a plurality of

grid el rduese £ad ald POV deshddy aby 6h08d 1 Hogng Si on :
surface side of the inpregnated-type cathode assenbly, an el ectron
gun having a corvaigenaeelacd rpidscision of Lawanslyy Priviseskep £Rent of
the plurality of grid 15 el ectrodes, and a resistor as a voltage

di vi der elogresied it drime el ot radjugted in the followfgs 1 is a
schemati c cross-section show ng a color picture tube incorporating
a resistor inclmpsher. Specificallyens ofrt uvbellfferanexaipl thefaxhel

el ectron gun 20 assenbly for a cathode ray tube according to the
sixth 5 SEpaat ien « R iaRRIARDIAte conductive sparey Gs lingemted
reference 61 denotes a vacuum contai ner, and an el ectron gun
assenmbly A is pRRE¥R&N a stem plgts R4 phddie porthese eersmeandn the

vacuum 25 container. 61. In the electron gun assenbly A a first
a stem end ﬁHate 8&, and is fixéh by a scrg% 85, or

a spacer is inserted between a back-up ceramics ring 92
and a welding flange 180 or 183. As for a difference
10 in the radial direction, an axial adjustmeﬁt with
respect to a Wehnelt member 82 and a welding flange
180 is carried out with use of a rotation base tool,
and thereafter, the cathode portion 83 is fixed by
a screw 85. As for the insulating portion 93, brazing
15 is carried out with use of an appropriate assembly
tool so that the welding flanges 181 and 182 obtain
a concentricity.
In addition, the seventh aspect of the invention
uses an impregnated-type cathode substrate according
20 to the first aspect of the invention to provide
an electron tube used for, for example, a cathode ray
tube, a klystron tube, a traveling tube, and a gyrotron
tube.
In case where the electron tube according to the
25 seventh aspect of the invention is used for a cathode
ray tube, the electron tube includes, for example,

a vacuum outer envelope having a face portion,



grid electrode Gl, a second grid electrode &, a third grid
electrode G3, a fourth grid electrode (4, a fifth

36 grid electrode G5, a sixth grid electrode G5, a seventh,

grid electrode G/, and an eighth grid electrode G3 are coaxially
formed in this order, comonly wth respecfyg to three cathodes. A
convergence el ectrode 62 is 5 provided in the rear stage behind the
after the grid el ectrode G8. The grid el ectrodes Gl,
X, &8, A, &, &, G and & maintain a predeterm ned positiona

relationship, a fluoresdeatelapehapirealilpdnendaby iherd ¢haFacd Ji the.
addition, 10 the third grid electrode G3 and the fifth grid

el ectrode G5 arefatecportabhy annatetedown ghneaekeabllgr according p aHeecad
| i ne 64. The convergence el ectrode 62 is connected with the eighth
grid el ectrode byimehdasgect of the inventhonhiasdepeowidedgan aspestiltios a
resistor 65 15 i ncorporated in an electron tube is provided.

This resistor 65°pPRpiteetoabheniarat pagthoar ¢f65Ae vacuum ouseresi st or

| ayer (not shown) and an el ectrode | ayer ~connected to this
resistor 3 ayer 2PRVELPRRBd 8Rdt fj §hadow maskj pggridefgbesxegnsshe The

i nsul ati ng board_65A of this. 20 resistor 65 is provided with
termnal s 66a, 6BbUCERgCent layerggpds bheyRiRFREOR GHNv 8FEEFE 1M ect rodes to

n h rm nal ,
gﬁdconneCted Fie.tgeiglgcgégggakgxeéiogsqsgc%i%% gbraeip?g%hi%%b

an example of an electron tube for a cathode ray tube
according to the present invention.
10 As shown in FIG. 3, the electron tube for this
cathode ray tube has an outer envelope consisting of
a rectangular panel 31, a funnel 32, and a neck 33.
On the inner surface of the panel 31, a fluorescent
layer 34 which emits light in red, green, and blue is
15 provided like stripes. In the neck 33, an in-line type
electron gun 36 which injects electron beams 35
corresponding colors of red, green, and blue is
provided, and the electron gun 36 is constituted by
arranging electron gun assembly as shown in FIG. 1 in
20 line. At a position adjacent to and opposite to the
phosphor member 34, a shadow mask 7 having a number of
fine opening holes is supported by and fixed to a mask
frame 38. An image is reproduced by deflecting
electron beams by a deflecting device 38, thereby to

25 perform scanning.

In case where the electron tube is used for

a klystron tube, the electron tube includes an electron



66c are respectively connected to the seventh grid el ectrode G/,

sixth grid electrode G, and fifth grid 25 el ectrode G5. A term nal
67 provided on the insulating board 65A of the resistor 65 and
connected to the el ectrode | ayer is connected to the convergence
37 el ectrode 62, and a drawing jgrmnal 68 of the earth

side which is provided on the insulating board 65A and connect ed
to the electrode |ayer is connected to the earth el ectrode pin 69.
5 Meanwhi | e, a graphite conductive film 70 extendi ng to
the inner wall Oéuﬁhssgésﬂﬂfogéé&fuﬁrl@ tS €RAt88xPN aspect oftBBel Nner wal l
of a funnel portion 61b of the vacuum containér 61, and the
graphite conductiyeehtidh/OaiBigh frequescPpPaéeinyi bbroénoanada vol tage

t hrough a high voltage 10 supply button (which is an anode button not
shown) . a collétitdheport hen chmvelipence plecal 0de 62 resphavicded
with a conductive spring 79, and the conductive spring 79 is
brought into condacitives hathengedphovdeigbhyuchi a8 electron émiasIOn so t hat
an anode voltage is supplied to the 15 eight grid el ectrode G3

t hrough the convaupbace side of the ezleotroB2gundassemhéycaneecganeeted
term nal 67 of the resister 65 incorporated in the electron tube,
and di vibgi andrifol tekbps aprther anagnetle hbieldcgengratesadevice

provided in an outer peripheral portion of the high
frequency acting portion.
FIG. 4 is a schematic cross-section for explaining
10 a main part of an example of an electron tube for
a klystron tube according to the present invention.
As shown in FIG. 4, in the main part of the
electron tube for a klystron tube, the reference 191
denotes an electron gun portion, and the reference 192
15 denotes a cathode assembly. A high frequency acting
portion 195 in which a plurality of resonance cavities
193 are connected by a drift tube 194 and a collector
portion 196 are connected in this order with
an electron gun portion having a structure as shown in
20 FIG. 2. Further, a magnetic field generator device,
e.g., an electro-magnet coil 197 is provided outside
the high frequency acting portion 195. Note that the
reference 198 denotes an electron beam. In addition,
the output waveguide portion is omitted from the
25 figure.
In case where the electron gun according to the

seventh aspect of the invention is used for a traveling



66b, and 66c of a high voltage are respectively 20 supplied to the
seventh grid electrode G/, sixth grid el ectrode &, and fifth grid
el ectrode G5. In case where the el ectron gun assenbly

accordi ng to the sixth aspect of the invention is an electron gun
assenbly for a klystron tube, the assenblygbncludes 25 an

| npr egnat ed-type cat hode assenbly according to the fifth

i nvention, a cathode portion incorporating the i mpr egnat ed-type
cat hode assenbly, and an anode portion

38 coaxizal kyubpr,ovhdedientirba ehbet 1a010desS AN edeciaen Qun |
the i npregnated-type cat hode assenbly. FIG 2'is a schematic
cross-section foassgpbaiynusdng an impraghatedpaékpeotathodeaplsemdllyan
el ectron gun assenbly 5 for a klystron tube according to the sixth
aspect of accohdingvént tbe. present inventiAs,shosiowRwhlhNe cArcuitt he
mai n part of the exanpl e of an electron gun assenbly for a

kl ystron forubmplafyanbodesponeilopregidedeceaxiedilyode assenbly 81
10 is provided and an insulating portion 93 are seal ed by a
wel di ng fPange 18beFbFABAeHLSEiPRI FunEagr Fiidg of the impmgggedesndyPgper ed
al ong the axial direction, and_by an arc wel ding sealing portion
184 at the top ef@tBpde assemblyjpecapdt RofelpBEEPENPEEEIONN fRgdFEPENE 1Nk

insulating 15 Eortion 93 and the anode portion 95 are air-tightly
an electron beam.

FIG. 5 is a schematic cross-section for explaining

an example of an electron tube for a traveling wave
10 tube according to the present invention.

As shown in FIG. 5, this traveling wave tube
comprises an electron gun 171, a slow-wave circuit
(oxr high frequency acting portion) 172 for émplifying
a signal, and a collector 173 for capturing an electron

15 beam. The slow-wave circuit 172 is constituted such
that a helix coil 175 is supported by and fixed to
three dielectric support rods 176 in a pipe-like vacuum
envelope 174, and an input contact plug 177 and
an output contact plug 178 are projected at both ends

20 of the slow-wave circuit 172.

In case where electron tube according to the
seventh aspect of the invention is used for a gyrotron,
the electron tube includes, for example, an electron
gun assembly using an impregnated-type cathode assembly

25 according to the present invention, -a tapered electron
beam compressing portion which is provided in

an electron emission surface side of the impregnated-type



sealed by a welding flange 182 forned of a thin netal ri ng engaged

and tapered along the axial direction and by a top arc wel ding
sealing portion of the portion 183. In order to assenbly the

el ectron gun assenbly while 20 defining the distances of el ectrodes
to the anode portion 95, the insug?ting portion 93 and the anode
portion 95 are engaged with each other finafly, and are

air-tightly sealed by the welding sealing portion 98. In
general cases, a difference in electrode 25 di stances from desi gned

di mensi ons can heaghd®s @Ssembl andawﬂéé&baﬁkaEeéngeseﬁhﬁqg gun assenbly
whi ch may seriously af¥ect t he operation of "a klystfon tube.

39 Theeshdfesence &&rﬂq ntys6a46€E8 PY¥reieai 8reAngkd to be

conponents and precision of assenbly. Therefore, the el ectrode

di stances are adjarsticudus tte fiod | vapaged electrofinbaem. cSppeebssahl y, as
for a difference in the axial 5 direction, an appropriate conductive
spacer is insertpartion, a tdmtvednebesteorphghetBd whvehaidat pogdeipartion
and a stemend plate 86, and is fixed by a screw 85, or a
spacer i $ insertwilidetiwenrmanhgk-up bereomtinuong 88 the cavitgnd a

wel ding flange 180 or 183. As for a difference 10 I n the radi al

direction, an axegonafjestpartion tand whose dismpber gvaduidhmpelt nenber 82

and a wel ding fl ange ) )
increases, a collector portion for capturing

an electron beam, and a magnetic field generator device
provided at an outer peripheral portion of the cavity
10 resonance portion.

FIG. b is a schematic cross-section for explaining
an example of an electron tube for a gyrotron tube
according to the present invention.

In FIG. 6, the reference 230 denotes a body of

15 a gyrotron tube, and the reference 231 denotes a hollow
electron gun portion which is assembled with use of
an impregnated-type cathode assembly and generates
an electron beam. The reference 232 denotes a tapered
electron beam compressing portion which is provided in

20 the down stream side of the electron beam and whose
diameter gradually decreases, and the reference 233
denotes a tapered electromagnetic wave guide portion
which is provided in the down stream side of the
compressing portion and whose diameter gradually

25 decreases. The reference 235 denotes a collector
portion which is provided behind the wave guide portion

and captures an electron beam after interaction is



180 is carried out with use of a rotation base tool, and
thereafter, the cathode portion 83 is fixed by a screw 85. As for
the insulating portion 93, brazing 15 is carried out with use of an
appropriate assenbly tool so that the welding flanges 181 and 182
obtain a concentricity. 44 In addi tion, the seventh
aspect of the invention uses an i npregnated-type cathode substrate
according 20 to the first aspect of the invention to provide

an electron tube used for, for exanple, a cathode ray tube, a

kl'ystron tube, apdrpyghédd thihe, réfrén8¥r 28608enotes an bubput window |,
In case where the electron tube according to the 25 sevent h aspect of

the invention isshbell {9rpPoeadd®den the down!8yrbaResitibeo&l eneron tube

i ncl udes, for exanple, a vacuum out er envel ope having a face
portion, collector portion and has a ceramics48ir-tight window.
fluorescent |ayer provided on an inner surface of the. face
portion, an el ectheonrgierassenhly decotdsng wavepeide tube conpehtaopect of
the invention and provided at a position opposite to the face
portion & the vitamgeoward the referengel 3p8, dandtasshadowenasl prRdvVeded
bet ween the fluorescent |ayer and the electron gun assenbly.

FIG 3 is a schevhtd dnagrakicctiiebh goreexpPai ArHce- an exanpl e of

an electron tube for a cathode ray tube ) ) )
The first aspect of the invention will now be

explained below.
In the first aspect of the invention, a porous

10 region having a small particle diameter and a high
porosity and a porous region having a large particle
diameter and a low porosity are provided in this order
from at least the electron emission side of the
impregnated-type cathode assembly.

15 In the large particle diameter low porosity
region, supply of an impregnated electron emission
substance can be maintained constant during heating.

In addition, since the small particle diameter
high porosity region is provided on the large particle

20 diameter low porosity region, distances between
particles forming the cathode substrate are short
within the small particle diameter high porosity region
in the electron emission surface side, so that the
diffusion distance of the electron emission substance

25 is shortened. Therefore, the eléctron emission
substance covers the electron emission surface more

rapidly and uniformly, so that sufficient supply of



according to the present invention. 10 As shown in FIG 3, the
el ectron tube for this cat hode ray tube has an outer envel ope
consi sting of a rectangul ar panel 31, a funnel 32, and a neck 33.
On the inner surface of the panel 31, a fluorescent | ayer 34 which
emts light in red, green, and blue is 15¢ provided |ike stripes. In
the neck 33, an in-line type elec%ron gun 36 which injects

el ectron beans 35 correspondi ng colors of red, green, and blue is
provi ded, and the electron gun 36 is constituted by arrangi ng

el ectron gun assgid YedSr SAM ddkidnh Gudstdnc@land a sufieicidhta position
adj acent to and opposite to the phosphor nenber 34, a shadow mask

7 having a nunbedowdring rate ddhteeORENG NEhA0LESctBos UPRDSS B6n byuapgcéi xed
to a mask frame 38. An image is reproduced by deflecting

el ectron beans hyam efddcievsd devAset B8, cover ey tote2bs imprpesd prohe

scanni ng. In case where the electron tube is used for

a klystron tube,idhmeingbact ross tstmendadbecdeseametrecéxomllent. In this

41 gun assenbly according to the sixth aspect of the

i nventiorf, a hi grarmneguetity agtnqgot poe t¢ Hreantmpregnatedatypd | @ztloedporti on

in which a plurality of resonance cavities arranged coaxially in

an el ectron em fs5spmbly which can be operated at a high voltage can be
shortened. In addition, even if an electron emission
substance whose diffusion speed is low is contained,
deterioration in electron emission characteristic of

10 the impregnated-type cathode assembly due to an ion

impact can be prevented.

The term of "porosity" used in the present
invention is a rate of a space existing in an object
(solid) of a constant volume, and is expressed by the

15 following relation (1).

Pl - wW/vd e (D)

In this relation, w is a weight (g) of an object
to be measured, and V is a volume (cm3) of an object to
be measured, is a density of an object to be measured

20 (e.g., 19.3 g/cm3 when the object is tungsten), and P
is a porosity (%). However, a small particle high
porosity region reqguired in the present invention is
preferably a layer state. Further, this layer
preferably has a thickness of 30 um or less.

25 Therefore, it is substantially impossible to actually

measure the values of w and V, so that the porosity

cannot be calculated. To control actually the porosity,



5 surface side of the electron gun assenbly are connected by

a drift tube, and a magnetic field generator device provided in an
outer peripheral portion of the high frequency acting portion.

FIG 4 is a schematic cross-section for explaining 10 a main part of
an exanpl e of an electron tube for a klystron tube according to
the present invention. As shown in FIG 4, in the main part
of the el ectron tube for a klystron tube, the reference 191
denotes an el ectron gun portion, and the reference 192 15 denotes a
cat hode assenbl yone Apdiahlify SMIeNEY AEhLiPed in the POLELATNIRCELAoHNI Ch
plurality of resonance cavities 193 are connected by a t tube

194 and a col lector At flrstpom|@@sé96faaec§@n6§§tgdbgﬂr&hésaeféﬁr Wi th
an electron gun portion having a structure as shown in 20 2.
Further, a magneimprdgredtigened Bl othelewleetron emlsSJ.GngsubQﬂance in
electro-nagnet coil 197 is provided outside the high frequency
acting portion IBfcedNoi® tdradvede and thereatterenceldf8ddessifnsian

el ectron beam In addition, t he out put wavegui de portion is

omi tted from thaneltsed andf;@pﬂ@gnated in these porease Whereafheregl ectron

gun according to the seventh aspect of the invention is used for a
travel i ng polishing is performed by a metal poliigher or the likee

tube, the electron tube includes an electron gun
to form a vertical cross-section on the cathode
surface. When the size of the cathode substrate is
large, the cathode may be previously cut to prepare
10 a rough cross-section. After a smooth cross-section
is attained, the image of the cross-section is
photographed by an optical microscope or an electronic
microscope. The image of this cross-section is
subjected to image processing, for example, by CV-100
15 available from KEYENCE, to obtain the area Sy .4 Of
a portion where the high melting point metal appears
and the area Spase ©f a portion where colored resin

appears. Then, P=S /(Spore+sbase) X 100 (%) can be

pore
used as a porosity. Here, the boundary between the

20 region S,,,e and the outer region of the cathode
substrate is a line segment connecting points of high
melting point metal particles which exist in the
outermost circumference of the cathode substrate and
project to the outermost portion from the cathode

25 substrate. Although calculation of the area Spase and

the area Spore is preferably performed with respect to

the entire surface of the cathode substrate, it is



assenbly using an inpregnated-type cathode assenbly according to
the present invention, a slowwave circuit for anplifying a signha
provi ded coaxially in an el ectron em ssion surface side of the

i npr egnat ed-type cat hode assenbly, and a collector portion for
capturing an el ectron beam 4 FIG 5 is a schematic
cross-section for explaining an exanple of an electron tube for a
traveling wave 10 tube according to the present invention.

As shown in FIG 5, this traveling wave tube conprises an el ectron
gun 171, a sl owpeyetLe&Ltdifficult £87cBkgh bLEJYAAsY cAQtuN@tAdmt.i on),
172 for anplifying a signal, and a collector 173 for capturing an
electron 15 Théeafre JThet sl oxswagevei poliht sldZel arbamshirtidiyed such

that a helix coil 175 is supported by and fixed to t hree

di el ectric supposélaotsd 1db the acpope-sekeivacolimthe cathodenvabspeated

and an input contact plug 177 and an out put contact plug 178 are
proj ected at boténéntse 20ea Si,,9f &hé Bhemamaaesgbggubrelbbtained with

In case where el ectron tube according to the sevent h aspect of the
inventionsis usede$pech ggranrapca of 1000 end erempren inubde yélcdadsy for

exanpl e, an el ectron gun.assenblé usi ng an i npregnat ed-type
cat hode assenbl yof 28ach of gekerpphatse t EBeprvadant ofnPefeilon ]l aiedaparay
el ectron beam conpressing portjon which is provided in an

el ectron eni ssi oRN@URYRERIR| Helwes t fani hpr B§Rdt 88- fyparosity.

In the first preferred embodiment of the first
aspect of the invention, closed pores cannot be
10 neglected as the sintering proceeds during manufac-
turing steps, so that there are no advantages for
impregnation of an electron emission substance even
though a certain porosity can be obtained, if the
particle diameter of the large particle diameter low
15 porosity region is 2 um or less. If the particle
diameter exceeds 10 um, a desired porosity cannot be
obtained, so that supply of an electron emission
substance to the small particle diameter high porosity
region is insufficient, and there is a tendency that
20 the sintering temperature become extremely high to
obtain a desired porosity. Also, there is a tendency
that industrial manufacture is difficult. A preferable
average particle diameter of the large particle
diameter low porosity region is 2 to 7 um, and a more
25 preferable average particle diaméter is 2 to 5 um,
If the porosity is 15% or less, there is a tendency

that supply of an electron emission substance to the



43 cat hode assenbly and whose di aneter gradually

decreases, a cavity resonance portion arranged to be continuous to
the tapered el ectron beam conpressing portion, a tapered

el ectro- magneti c wavegui de portion 5 which is arranged to be
continuous to the cavity 'resonanq@ portion and whose di aneter
gradual |y i ncreases, a collector portion for capturing an
el ectron beam and a magnetic field generator device provi ded at
an outer peripheral portion of the cavity 10 resonance portion.

FIG 6 is a schemalicpareseiseaibpetber hayhl pofbBity region dg exanpl e of
an electron tube for a gyrotron tube accorging to the present

i nventi on. insufficiehf.Fl Gf Ghet porvefiercexec2de d6rgt @s n@ckedyrgf 15
a gyrotron tube, and the reference 231 denotes a hol |l ow el ectron
gun portion whi shresgabseabheti bet bbtisénel and consuaptimpr egnated-t ype

cat hode assenbly and generates an el ectron beam The reference 232
denot es a taperedectron emigbdenr snbsEanceonpr aosrrgsedr scofhafi &he s
provided in 20_. t he down stream side of the el ectron beam and whose

di anet er 5gr adualifedéémeadés shargenrd -r ePePEpéeradie porosityjedoitds a
tapered el ectromagneti c wave gui de portion ) whi ch is praovided in
the down streamt8Fg€ Bprtpele diametexlfiePOrR§ifYr TRPEACENd SWHEsECdi anet er
gradually 25 decreases. The reference 235 denot cql.l.ector
Bortion which i 228ro0Pded BERPNBTPAETREVE BGFAELSS: tPon! tO 21%. gng

captures an el ectron beam atter, |neraction Linoainent of the first

aspect of the invention, if the average particle

10 diameter of the small particle diameter high porosity
region is 0.1 um or less, the particle diameter 1is so
small that the cathode substrate is easily cracked and
the strength is lowered. Further, if the particle
diameter of high melting point metal as raw material is

15 too small, secondary or tertiary particles are formed
during sintering so that the sintering easily
prosecutes and a desired particle diameter cannot be
obtained. 1In this case, there is a tendency that the
density is increased and a desired porosity cannot be

20 obtained.

In addition, if the particle diameter is 2 um or
more, the diffusion distance of the electron emission
substance is large, so that it takes a long time to
supply the electron emission surface with a sufficient

25 electron emission substance. Further, if the diffusion
distance is large, it is difficult to obtain uniform

diffusion on the electron emission surface. Hence, it



44 performed. The reference 236 denotes an output w ndow
which is provided in the down stream side of the ' col l ector portion
and has a ceramics air-tight w ndow. The reference 237 denotes a
wavegui de tube connection 5 fl ange, and the reference 239 denotes a
sol enoi d val ve of a magnetic fielyd generator device.

The first aspect of the invention wll now be expl ai ned bel ow.

In the first aspect of the invention, a porous 10 regi on having a
smal | particle dianeter and a high porosity and a porous region
having a | arge paht bel €ound that dhemebeerdnd aatewoForbel ey eareop ovi ded
in this order fromat |east the electron em ssion side of the

i npr egnat ed- t ypemdathode sabse¢ainky. onlShe electronl entilseiloar garfacki cl e

di aneter | ow porosity regi on, supply of an inpregnated el ectron
emi ssi on deczgbseanceAsadeseribiedt abeye ,c ansudfticdenitng omedmpagt

In addition, since the small particle_ dianmeter hi gh porosity
region i s provi 8égiskange rapgetphet pbtéinggd if thg geFEEiNdowa¥6r osity
regi on, distances between particles formng the cathode substrate
are shor? decr@pERSn the smal| particle dianeter high porosity region

in the electron em ssion surface sL?e, so that the. .
A more preferable average particle diameter of the

small particle diameter high porosity region qf the
porous cathode substrate is 0.8 to 1.5 um.
If the porosity is 25% or less where the average
10 particle diameter of the small diameter high porosity
region is within a range of 0.1 um to 2.0 um, there is
a tendency that an electron emission substance cannot
be sufficiently supplied to the electron emission
surface and the covering rate of the electron emission
15 substance on the electron emission surface decreases.
If the covering rate decreases, a sufficient ion-impact
resistance cannot be obtained.
If the porosity is high and exceeds 40% where the
average particle diameter of the cathode substrate is
20 within a range of 0.1 um to 2.0 um, the mechanical
strength of the cathode substrate tends to decrease.
A more preferable porosity of the small particle
diameter high porosity region is 25 to 35%.
In case of an impregnated-type cathode substrate
25 having a layered structure comprising of at least two
layers as shown in the third preferred embodiment of

the first aspect of the invention, the layer thickness



di ffusion distance of the electron em ssion substance 25 i's
shortened. Therefore, the electron em ssion substance covers the
el ectron em ssion surface nore rapidly and uniformy, so that
sufficient supply of . 45

an el ectron em ssion substance and a suffiggpent covering rate
concerning the electron em ssion surface can be achieved. As the
covering rate is inproved, the i on-i npact resistance becones nore
excellent. Inthis 5 manner, the aging tine of an inpregnated-type
cat hode o AstsiesTd ya Whi gdr €0l ded Daes 8¢ edh dghapbirgbivgl kageoaan be,
shortened. In addition, even if an electron em ssion subst ance
whose di ffusi on mpeeided inwhes ebetraedemission sudébeei sidei ofi in

el ectron em ssion characteristic of 10 t he i npregnat ed-type cat hode
assenbl y due to theilarge particlepdianeter bkoprporpsétly region is The
termof "porosity" used in the present invention is a rate of a
space existing iprefemplet30 wm. Thiscolaygrothickpassahs Werene, and is
expressed by the 15 following relation (1). P1 - wwd
... (1) 5 preferghly ni st¢ e} &t #Bn, 2R | £5 et grrefgyabiyad 68j ect

to be neasured, and Vis a volunme (cnferr]) of an object to be
neasured, is a d@%s@?y of an object to be neasured 20 (e.g., 19.3

g/cnferr] when the ObAgCéhégntiergtslgeengécggg :Espect of the invention,

the impregnated-type cathode assembly having at least
two-layered structure can be manufactured in the

10 following manner.

At first, a normal method is used to form a porous
sintered body as a large particle diameter low porosity
region which has an average particle diameter of 2 to
10 um and a porosity of 15 to 20%.

15 In the next, high melting point metal of powder W
having an average particle diameter smaller than the
average particle diameter of a porous sintered body as
a large particle diameter low porosity region is
prepared in form of paste together with an organic

20 solvent, on the electron emission surface of the porous
sintered body, and is applied by a screen printing
method, to have a desired thickness. Thereafter, the
paste is dried and is subjected to sintering within
a temperature range of 1700 to 2200%C, in a vacuum

25 atmosphere or a reducing atmosphere using hydrogen
(Hp). Thus, a small particle diameter high porosity

region is formed on the large particle diameter low



Is a porosity (% . However, a small particle high porosity region
required in the present invention is preferably a | ayer state.
Further, this |ayer preferably has a thickness of 30 [err]mor

| ess. 25 Therefore, it is substantially inpossible to actually
nmeasure the values of wand V, so that the porosity cannot be

cal cul ated. To control actually the porosi?y

46 the porosity can be neasured in the follow ng nethod.

At first, in case of a cathode substrate after | mpregnation, al

the el ectron emﬁ%&d%hé&”%ﬁéﬁEﬁ*'ftn this ca®@! eehéSd&REPYPdoraplste,
thereafter, colored resinis nel ted and | npregnated in these

pores. Ther eaf t@finting condﬂ@idﬁé‘lJ Ngnd St RET § OR F8L 1Y ﬁllﬁ@tﬂh%pﬁél sher or
the |ike, to forma vertical cross-section on the cathode

surface. Wen t hepmtaerdtéhe o hogteh stibst relie particles fokaing, thae

cat hode may be previously cut to prepare 10 a rough cross-section.
After a snooth criosemsstthady have a desixmed aavedage hpartihgiesfdihmpeter
cross-section is phot ographed by an optical m croscope or an

el ectroni® and aridgepespepomeityage of this cross-section is

subj ected to image processing, for exanple, by CV-100 15 avai |l abl e
from KEYENCE, to obtalTh admitken Shasanother structureopfiancakbBpéethe high

mel ting point netal appears
substrate according to the first aspect of the

invention, a structure can be cited in which
a plurality of small particle diameter high porosity

10 regions are scattered at least in the electron emission
side of a matrix formed of a large particle diameter
low porosity region, as shown in the fourth preferred
embodiment. For example, a concave portion exists like
a groove or a hole in the electron emission surface of

15 the large particle diameter low porosity region, and
the small particle diameter high porosity region exists
in the concave portion. To form a cathode assembly
having such structure, a groove-like or hole-like
concave portion is formed in the electron emission

20 surface side of the porous sintered body as the large
particle diameter low porosity region, by mechanical
processing or the like, and paste is filled in the
concave portion. The paste is subjected to sintering
to form a small particle diameter high porosity region.

25 Further, as another modification of the structure
of the cathode substrate, a structure can be cited in

which the porosity gradually increases in the thickness



and the area Sbase of a portion where colored resin appears. Then

P=S[err]/(S[err]+S[err]) x 100 (%9 can be used as a porosity.
Here, the boundary between the 20 region S[err] and the outer region
of the cathode substrate is a line segnent connecting points of

hi gh mel ting point netal particlgz whi ch exist in the

outernost circunference of the cathode subStrate and project to
the outernost portion fromthe cathode 25 substrate. Although
calculation of the area S[err] and the area S[err] is preferably

performed w th eanget hOtoward the! BEeBREbheRYEE2CH Qhrkgﬁicahﬂqqg

substrate, it is

practically d'f%hEUbErEQc§€rHXaﬂHEeEhb%aﬁ@EQQPaHEEQeases in théhekgkore, at
| east five points are arbitrarily ected on the cross-section of

the cathode subgtfat@ion, as shoaﬁdlhhehar@af&hegkbféQQeah@m@baamaherr] are

obtai ned with 5 respect to an area of 1000 [err]nferr] or nore in
the vicinity of the @fireachnobnthenpoi nts. The value of P cal culated from
t he average val ues can be used as a porosity. “In the first
preferred enbodi nent Fokmbhéohi p$t the small psmpedtlef dilhmeitevrehtighn, cl osed
pores cannot be 10 negl ected as the sintering proceeds during

manuf ac- porbaitygregéps, isonvhallimhitrd &pethe pdiamtiageseftbod

i npregnation of an el ectron em ssion substance even t hough a

certain porositsgesanibedobbavaedbutf anyemethod including a spin
coating method, a spray method, an electrocoating
method, and an elution method can be adopted as long
10 as a porous layer can be obtained by such a method.
In case where the elution method is adopted, a sintering
step can be omitted.
As for the cathode substrate of a cathode assembly
having the structure as described above, for example,
15 an electron emission substance made of a mixture
substance which has a mole ratio of BaO : Ca0 : Al,03
is 4 : 1 : 1 is melted and impregnated in a reducing
atmosphere of hydrogen H,.
Further, the sixth preferred embodiment of the
20 first aspect of the invention will be explained below.
The at least one kind of element selected from
a group of iridium (Ir), osmium (Os), rhenium (Re),
ruthenium (Ru), rhodium (Rh), and scandium (Sc) which
is used in the sixth preferred embodiment of the first
25 aspect of the invention can be used in single use, in
form of a substance containing the selected element, or

in combination with another element or with a substance



particle dianmeter of the large particle dianeter low 15 porosity
region is 2 [errlmor less. |If the particle di anet er exceeds
[err]m a desired porosity cannot be obt ai ned, so that supply of
an el ectron em ssion substance to the small particle dianeter

porosity

region is insufficient, d there is a tendency that

the sintering tenperature becone extrenel igh to obtain a
desired porosity. Also, there is a tendency that industrial
manufacture is difficult. A preferable average particle dianmeter

of the large pagdntlaning anotHdAMBldedOW porosity region is 2 to 7
[err]m and a nore 25 preferable average particle dianeter is 2 to 5

[err]m

I f R RAUMISIHAL iich L3P0I ddLSS .cddevhdfe adl erslanety

t hat supply of an electron em ssion substance to the

48 s edldmepad iedi td dnfieiferiiegit I9orfasint eddgidtthes and
insufficient. If the porosity exceeds 25% a necessary st rengt
cannot be obt ai redamrd witnsuriitfif@resft arlements exigdtecin dipwmwmicsi on
substance is increased so that the 5 life-time is shortened. A
pr ef er abbe por osint yldfoyt lmer a compourdarge particle dianmeter | ow porosity
22% and a nore preferable porosity is 17 to 21%
In the second prefer Pegondiodi rentthef st ipraferred embodigesnt ofsinge
invention, if the average particle

region is 15 to

10

15

20

25

a layer containing those elements is formed, electron
emission characteristic can be rapidly recovered so
that emission and sufficient low temperature operation
are enabled even when an dipole layer on the electron
emission surface of the cathode assembly is broken.

In addition, since low temperature operation is
achieved, an amount of an evaporation electron emission
substance such as barium or the like can be lowered and
the thickness of the cathode assembly can be thin.

Elements which are preferably used in single use
are iridium and scandium.

Substances containing preferable elements are
scandium oxide (SC,03) and scandium hydride (ScHj).

Preferable combinations of elements are alloys of
Ir-W, Os-Ru, Sc203—w, Sc-W, ScHyp-W, Sc-Re.

Although Os can be singly used in view of its
functions, it is more preferable to use Os in form of
alloy which is less oxidized rather than in single use,
in view of safety of operators, since oxide material of
Os is poisonous.

Sc can be used in combination with at least one

10

hi gh
20

h



10 di aneter of the small particle dianeter high porosity

region is 0.1 pmor less, the particle dianeter is so smal | that

t he cat hode substrate is easily cracked and the strength is

| owered. Further, if the particle di aneter of high nelting point
netal as raw material is 15 t oo snalh, secondary or tertiary
particles are forned during sintgring so that the sintering easily
prosecutes and a desired particle diameter cannot be obtained. In
this case, there is a tendency that the density is increased and a

desired porosity;gaanget eBemed® selecl@ifieth a group of higﬂ’héﬁgﬁﬁéona i f
the particle dianmeter is 2 [err]mor nore, 'the difTusion distance

of the el ectronpgihesm@Ral such asSHAFHAREE (HY) andRnite t(Hd)jt takes a
long tine to supply the el ectron em ssion surface with a
sufficient 25 rutheali@ft {®0)eMandl @hesUlikeance Thdsey Kigids idf thugyrdi f f usi on
distance is large, it is difficult to obtain uniform di ffusi on on
the el ectron enmedtangsppfiatemedadceerivie as a segregator which

49 can be found that the covering rate of the el ectron

em ssi on5subst apreventshécelfson oprydiizediion swrfiage operation decr eases. As
descri bed above, a sufficient ion-inpact resi stance cannot be
obtai ned if theaceeathpdg pgsenmbly. decr eases. A nore

preferabl e average particle dianeter of the ) )
In addition, in the first aspect of the invention,

excessive element emission substances are removed from
the surface of the porous cathode substrate if

10 necessary, and thereafter, a layer of element
components to be used can be formed by a thin film

formation means such as a sputtering method or the

like.
The third aspect of the invention and the fourth
15 aspect of the invention will further be explained
below.

The third aspect of the invention and the fourth
aspect of the invention are to improve a step of
cutting a cathode substrate having a predetermined form

20 from a porous body, in a manufacturing method of
a porous cathode assembly. A cut out cathode substrate
has burrs. Therefore, the cathode substrate is
subjected to tumbling processing to remove burrs.
Normally, tumbling processing is carried out by shaking
25 a cut out cathode substrate together with small balls
made of alumina and silica in a container, thereby

rubbing the small ball and the cathode substrate with



smal | particle dianeter high porosity region of the por ous cat hode
substrate is 0.8 to 1.5 [err]m If the porosity is 25% or

| ess where the average 10 particle dianeter of the small dianeter
hi gh porosity region is wthin a range of 0.1 [errmto 2.0
[err]m there is a tendency that .an el ectron em ssion substance

cannot be sufficiently supplied £0 the el ectron eni ssion

surface and the covering rate of the electron em ssion 15 subst ance
on the electron em ssion surface decreases. If the covering rate

decreases, a sufefu;,h%r{ﬁelron |Ir;;p%ts E&%t JHeS ISRGR £ YA ke, obt ai ned.

If the porosity is and éxcee ere the average particle

di anet er of thesca%fffa%e s&kafésfc%%t B %ub%%d in tMd Nadhe? it Ofs P .thderrim
to 2.0 [err]m the nechani cal strength of the cathode substrate

tends to decreag@re portionsAoTDr@ePRIBPIRROGE I dtfed.Ne sSHRIE the
particle di aneter high porosity region is 25 to 35%

In case of an i pprogrRapedtivne eakhedppiybPatdise foidb an eldedolg a | ayered
structure conprising of at |east two | ayers as shown in the third

preferred enbodemndsisiohn substancet,hehfeirestisasgscta pirabdienr mhertt i on, the
| ayer thickness "~ 50
of the small paimpglegnaitdost eff hihgh edecdgiony emdgisdion substanqer s ded i n
the electron em ssion surface side of
prevented if the pore portions are closed. in
addition, the apparent surface area of the porous body
surface is increased, resulting in a problem that the
10 diffusion distance of the electron emission substance
on the surface is increased. Particularly, in
a cathode substrate having a small grin diameter high
porosity region, shortening of the diffusion distance
of an electron emission substance and enlargement of
15 supply paths are affected due to those problems, so
that advantageous improvements in the ion-impact
resistance characteristic cannot be attained.
In addition, when the surface of a cathode
substrate is pealed, an electron emission substance
20 blows out, thereby causing quality deterioration in the
electron emission surface. The quaiity deterioration
in the electron emission surface cause an influence
such as a deterioration in the emission current
density.
25 According to the third aspect ~f the invention,

a filler selected from metal and synthetic resin having

a melting point of 1200C or less is applied to the



the large particle dianeter |ow porosity region is preferably 30

[err]m This |layer thickness is nore 5 preferably 3 to 30 [err]m
and is nost preferably 3 to 20 [err]m As shown in

t he second aspect of the invention, t he i npregnat ed-type cat hode
assenbly having at | east t wo- | ayeggd structure can be manufactured
in the 10 fol |l ow ng manner. At first, a normal nethod
is used to forma porous sintered body as a large particle

di aneter | ow porosity regi on which has an average particle

diameter of 2 Qurtace of Hhd SUILMAN Snbolosh 4upfadd 68, 2020 potdus

In the next, high nelting point ne havi ng an

average particl AL S5 rSTRI Y ndd@siftrate is c@YCARGCPPSELESLE,

di aneter of a porous sintered body as _ a large particle dianet er
| ow porosity reg{ i$ subjected K&PAIRERE Ind O Fefimdas) ecbogether with an
organic 20 sol vent, on the electron em ssion surface of the porous

sintered body, aixbk ifsiBRgtied the a%@@cs@@rbmynféft@ing materi&Bt hod, to have
a desired thickness. Thereafter, the paste is dried and is

subjecteds to si merd ngeswlt) nthe filler aid anprted uireto atige PdrdT9Cbody

2200[err]C, in a vacuum 25 at nosphere or a reduci ng at nosphere using
hydr ogen thfd®gh ddus, partsimis partheleledanet eembsghoposesfage.
region is formed on the large particle dianmeter |ow

51 In this manner, the inside of the pores and the porous

body are reinforced, so that pore portions are not
closed even when the electron emission surface is
10 rubbed during tumbling processing.

According to the fourth aspect of the invention,
paste containing high melting point metal and at least
one kind of filler selected from a group of metal and
synthetic resin having a melting point of 1200C or less

15 is sintered at a temperature at which the filler can be
melted, to form a porous body containing high melting
point metal as a main component and to melt the filler
into the pores of the porous body. As a result of
this, the inside of the pores and the porous body are

20 reinforced, so that the pore portions are not closed
even when the electron emission surface is rubbed
during tumbling processing.

In addition, as an example of application of the
cathode substrate according to the present invention,

25 a mixture layer of fine powder of high melting point
metal and scandium oxide can further be formed on

the electron emission surface region of the cathode



porosity region. In this case, the density of paste, printing

conditions, and the sintering tinme my be appropriately set such
that the particles formng the sintered body have a desired average
particles diameter 5 and a desired porosity. In
addition, as another structure of ‘a cathodg7 substrate according to
the first aspect of the i nvention;“a structure can be cited in

whi ch : a plurality of snall partlcle di aneter high porosity 10
regions are scattered at least in the electron em ssion si de of a

matrix formed ofg &?% gﬁ%Paﬁ%écéerQé@fEtﬁg this th$08T689£8ﬁeE%1E§958n

shown in the four rre di neht exanp a concave

portion exists |dﬁ§§racterlst1@ SHPWE Papﬁdhplfewvéfsdegﬂ&téfamsg%ﬁm on.
surface of 15 the large particle dianeter |ow porosity region, and

the smal |l parti i dhafBf@feit JowOf &fipéYat @Bk 0BpEXAE16n can be ehBbliba
concave portion. To form a cat hode assenbly havi ng such structure,

a groove-like oradgwie; léden when an ebacavwec pashbDe 1&yéprordtha the

el ectron em ssion 20 surface side of the porous sintered body as the
| ar ge 5 palectmoniamiseion csuphaosi o tlkegi cathbyge nechatrage is
processing or the like, and paste is filled in the concave portion.
The paste is subjmvtesd by & nteniingpact. Intaddotien, sshhtepdowicl e

di anmeter high porosity region. 25 Furt her, as another
nodi fi cati on of tempetatumtereperation igfthwe enabbed, sthetewaporation

structure can be cited in whi ch the porosity gradually increases
in the thi cknes@mount of an electron emission substance such as barium

or the like can be reduced to be low, so that the

10 thickness of a cathode substrate can be set to be
thinner than a conventional case. This also means that
the life-time characteristic of a conventional power-
saving impregnated-type cathode can be greatly
improved, which would otherwise be insufficient due to

15 shortage in impregnation amount of an electron emission
substance.

Further, it is preferable that an alloy of
tungsten and molybdenum or a mixture there of can be
used as fine powder of high melting point metal.

20 As a result of this, a sintered layer which is suffi-
ciently strong can be obtained at a low sintering
temperature. As synthetic resin, it is preferable to
use methyl methacrylate.

A sintered layer of fine powder thus obtained

25 preferably has an average particle .diameter of 0.8 to
1.5 mm, and also preferably has a porosity of 20 to 40%

and more preferably has a porosity of 25 to 35%.



52 direction toward the el ectron em ssion surface, while

the particle dianmeter gradually decreases in the sane directio
as shown in the fifth preferred enbodi nent of the first invent
5 Formation of the small particle dianeter high por o
region is not limted to the printing nethqod descri bed above,
any nethod including a spin coati nmet hod, a spray nethod, an

el ectrocoating

nmet hod, and an el ution nmethod can be adopted as

long 10 as a porous |ayer can be obtai ned by such a net hod.

In case where the el utj t ad ep
be omtted. Yy Q:@lem% Ifl(i%wﬁl Qc?xn gjreas 1oan Cvazt]hl dﬁé
assenbl y ger&a.f.\f'l'&%ltl ool gtnlérde vascrfi%cféz%wb&yeehé Ur KXBN €,
an el ectron en ssion substance a mxture subst ance mhl
has a nole ratio of BaBogima@e 1A [err]Jerr] is4:1: 1is

nelted and i npregnated in a reducing

Herr].

first aspect of the invention w

at nosphere of hydrogen

FIUr t7hass, at P@r&:&ﬁlﬁypkﬂ:ftﬁ@cﬁﬁnﬁﬁl@ﬂiﬁm sHowieg 2
be expl ai ned bel ow. Th

n,

i on.
sity
but

can

15
ch

0
e at

| east ong ki nd eh examplie o4 a6t edektamn tube usimgriduep fifrdwidium (Ir),
osmum (GCs),
scandi um (Sc) wenmblodiment of itheudegpriegnatedsityge pradflerdeecassrpdaliyrent of

the first

10

15

20

25

25

rheni um (Re), rut heni um (Ru), rhodium (Rh), and

aspect of the invention can be used in single use, i
according to the present invention. This cathode

assembly is an impregnated-type cathode assembly for
a klystron tube and is used with a high output and
a high voltage.

As shown in the figure, this electron tube mainly
comprises, for example, a metal substrate 3 made of
porous material W, a support cylinder 11 made of Mo or
the like brazed so as to support the porous cathode
substrate 3, and a heater 18 incorporated in the
support cylinder 11. The heater 18 is fixed in such
a manner in which the heater is embedded in a potting
material and is subjected to sintering. Pore portions
of the porous cathode substrate 3 is impregnated with
an electron emission substance whose mole ratio of
BaO : Ca0 : Al,05 is 4 : 1 : 1. A thin film layer of
Ir is provided on the electron emission surface side of
the porous cathode substrate 3, by means of sputtering,
and an alloy layer of Ir and W not shown is formed by
means of alloying processing. In addition, this
cathode assembly has a curvature of, for example,

a radius 53 mm for the purpose of focusing.

n



formof a substance containing the selected el enent, or I n
conbi nation with another elenent or wwth a substance

53 cont ai ni ng anot her el enent. The conbi nati on

i ncludes a case where different el enents exists independently from
each other and a case where diffeg&nt el enments exist in form of

5 an alloy or a conpound. According to the sixth
preferred enbodi nent, since a layer containing those elenents is
formed, el ectron em ssion characteristic can be rapidly recovered
S0 that ‘em-spen gndssyfioaLent ; LoVshegPaGak ULEQREGRL 98 A8 .
are enabl ed even when an dlpo?e |'ayer on the electron em ssi on

surface of the calhode 8seR6BLYsiBsBERKENs of the catflodddhiigfiprpince |ow

tenperature operation Is achi eved, an anount of an evapofation

el ectron em ssiOflne porous SHPBEADCEUBHERaBS DaRhyny Otwbbealbkeqcan be
| onered and 15 the thickness of the cathode assenbly can be thin.

El enents whi ch agerpsehes abbys Useingnosi &0l &rgseparticle dpagetéirdi um and

scandi um Subst ances contai ning preferable elenents are

scandi um ®xi de (E&feporcFety])apend 32 amnd um siyai il dpatbitlerdiameted

Pref erabl e conbi nations of elenents are all oys of lr-W Gs-Ru,

Sc[err]Jerr]-WhBgh\poSesfeyr]laygr S23 Reormed thereon, as is shown in
FIG. 8. The porous cathode substrate 3 having this
structure can be formed by a spraying method as will be
described below.

10 At first, for example, a porous W base which is
made of particles having an average particle diameter
of about 3 um and which have a porosity of about 17% is
prepared as a large particle diameter low porosity
layer. This substrate has, for example, a diameter of

15 70 mm and has an electron emission surface whose
curvature radius is 53 mm.

With this porous W base equipped with a mask tool,
a mixture of W particles, butyl acetate, and methanol
is sprayed vertically onto the electron emission

20 surface of the substrate, by means of a spray gun.

While the spraying distance was set to 10 cm,
the air pressure was set to 1.2 kgf/cmz, the spraying
flow amount was set to 0.35 cc/sec, and the spraying
time was set to 5 seconds, a thin film layer having

25 a thickness of 20 um was uniformly :formed on the

electron emission surface having a curvature.

Thereafter, a heat treatment for one hour was



Al t hough OGs can be singly used in view of its functions, it is
nore preferable to use Gs in form of alloy which is | ess oxidized
rather than in single use, 25 in view of safety of operators, since
oxi de material of Cs i s poisonous. Sc can be used in
conbi nation wth at |east one _ 54
kind of el enment selected froma group of hlgh mel ting poi nt neta
such as hafnium (Hf ), rhenium (Re), rut henium (Ru), and the I|ikes.
These ki nds of high mel ting point netal serve as a segregator

which 5 BLeYERS ouk ffb&mtwqﬂu@dw Srd it ps{ptd o thin a
cat hode assenbly. In addition, in the first aspect of the’

i nventi on, film @4GRISan elaeRRlore 5 5 e RS LRGeS Bf e rapved from
the surface of the porous cat hode substrate if 10 necessary, and

thereafter, a | gayer sabselretenmetal, in a aphnrenic dtnd¥phHard aan be for med
by a thin fiIm formati on nmeans such as a sputtering nmethod or the
like. a tempeeatthined odsgddt0 dfo 1270 0°Cyventg .gn iand theldfagert h 15
aspect of the invention will further be expl ai ned bel ow.

The thir@ aspecatobspherienednil dempedathes el t2000°C. aspect of the

i nvention are to |rrpr0ve a step of
A small particle diameter high porosity W thin

film layer thus obtained was not cracked, and has

a sufficient strength. The layer had an average

particle diameter of 0.8 @m, a porosity of 30%, and
10 an uniform thickness of about 10 um.

In the next, an electron emission substance of
a mixture whose mole ratio of BaO : CaO : A1203 is
4 : 1 : 1 was melted and impregnated in pore portions
of the porous substrate 3, by performing heating in

15 an atmosphere of H, at a temperature of 1700°C for about
10 minutes.

A cathode substrate having a two-layered structure
thus obtained was set in a klystron electron tube, and
was subjected to aging under condition that the cathode

20 temperature was 1000Cb (T b is a brightness temperature).

FIG. 9 shows the electron emission characteristic
after aging was performed for 100 hours. This electron
emission characteristic shows a relationship between an
emission current and the cathode temperature wherein

25 the emission current is expressed as a rate with
respect to an emission current at a cathode temperature

of 1100C b as 100%. 1In this figure, solid lines 31 and



cutting a cathode substrate having a predeterm ned form 20 froma

porous body, in a manufacturing nethod of a porous cat hode
assenbly. A cut out cathode substrate has burrs. Therefore, the
cat hode substrate is subj ected to tunbling processing to renove
burrs. Normal Iy, tunbling processggg Is carried out by shaking 25
a cut out cathode substrate together with shall balls made of
alumina and silica in a container, thereby rubbi ng .the small bal
and the cathode substrate with

55 | eagh pihsictiveidi sngidhe tHE EheEhEPBrERLISLORE

surface side can be rubbed i nthe sane manner, so that pore

portions of the PosOkSeROIYNAL €ikpPS§HatEHDEPpENBathode assBRIBAYS aP@ tioNns
are supply paths for an el ectron 5 em ssi on substance, there issues a

pr obl em t hat an impréPpfieoedttepeotathedel essenplenhesbeaisgbsbante is
prevented if the pore portions are closed. in addition, the
apparent surfaceembedimnént hk. pakousabody seen fromsthfiacgraghi,ntheased,
resulting in a problemthat the 10 di ffusion distance of the electron
em ssi on subst antepregnatedenypdecathbdeecassemnhtyeasddcaPedt byultdel y, in

a cat hode substrate having a small grin dianeter high porosity
regi on, shortenis@lbd lheedd? factendingt bpacthe first gmbgdimpagt ién

em ssi on substance and enl argenent of ) ) i
superior at a low temperature. Since the diffusion

rate is high af a high temperature, any particular
superiority of the impregnated-type cathode assembly of
10 the present invention cannot be found at a high
temperature. However, since the diffusion rate is low
at a low temperature, it can be said that the
impregnated-type cathode assembly of -the present
invention is apparently superior. Also, from this
15 graph, it is apparent that the aging time can be
shortened by using the impregnated-type cathode
assembly according to the present invention.
Embodiment 2
FIG. 10 is a schematic view showing a second
20 example of the impregnated-type cathode assembly used
for another electron tube, according to the present
invention. This cathode assembly is a cathode assembly
for a cathode ray tube, and the cathode substrate
thereof does not substantially have a curvature, unlike
25 the cathode substrate for a klystrom tube according to
the embodiment 1.

As shown in the figure, the electron tube using



15  supply paths are affected due to those problens, so t hat

advant ageous i nprovenents in the ion-inpact resi stance
characteristic cannot be attained. I n addi tion, when the
surface of a cathode substrate is pealed, an electron em ssion
substance 20 bl ows out, thereby causi ‘qual ity deterioration in the
el ectron em ssion surface. The quality det¥®rioration in the

el ectron em ssion surface cause an influence such as a
deterioration.in the em ssion current density. 25 .

According to th thlrd 2 t pf, the entd an a fil el ected
fromnetal and s ‘frbacted) té’\Pe gc"’\p‘:\ﬂylorH SSPT%RJIX ncgo%lhﬁeso‘f ﬁ%O[ err]C
or less is appl

surface of the ee’g'ljl rorf emcsasﬁhoor?esusr Kece o t%ecurﬁ)_rlolu]%e tixing m%m%er g%f ore
a cathode substragte.§ %&L@n@%ﬂd&%&s% end poru&n%ﬁ stﬁéltuae&{&ﬂeto a
heating treatnent, to nel filler in the porous body formng
material. 5 sl/e\ﬁa\fé rlesstdcth e fﬁHé Qr[enikif‘eznei tRfdidtd ghenhd Qioitsn bogly

t hrough pore portions in the electron em ssion surface. In this
manner, tdie i nsigighgfarithieaj35f ashaanthrid e paiopening eddg®dyf atee end
reinforced, so that pore portions are not cl osed even when the

el ectron em ssi gorlidca iprods cathaddlEbahirdteg 3 uhitddgipridoessiphy.
Accordlng to the fourth aspect of the invention,
like fixing member 2 and 1mpregnated with an electron
emission substance, a cylindrical holder 4 provided
coaxially so as to surround the cathode sleeve 1,

10 a plurality of strip-like straps 5 each having an end
portion attached to the outer surface of the other end
of the cathode sleeve 1 and having another end portion
attached to an inner projecting portion formed at
an end portion of the cylindrical holder 4 such that

15 the cathode sleeve 1 is coaxially supported inside
the cylindrical holder 4, and a shielding cylinder 7
which is attached to the inner projecting portion
formed at the end portion of the cylindrical holder 4
by a supporting member 6 and which is provided between

20 the cathode sleeve 1 and the plurality of straps 5.
Heating is performed by a heater 8 inserted inside the
cathode sleeve 1.

The material of the porous cathode substrate 3
is W. Pore portions of this base are impregnated with

25 an electron emission substance consisting of a mixture

whose mole ratio of BaO : Ca0 : Al,05 is 4 : 1 : 1.

Note that this cathode assembly is fixed to



paste containing high nelting point netal and at | east one ki nd of

filler selected froma group of netal and synthetic resin having a
mel ting point of 1200[err]C or less 15 is sintered at a tenperature
at which the filler can be nelted, to forma porous body containing
hi gh nelting point netal as a main ionponent and to nmelt the filler
into the pores of the porous body. As a result of this, the inside
of the pores and the porous body are 20 rei nforced, so that the pore
portions are not cl osed even when the el ectron enission surface is

bbed
;ﬁ egarrpl e of apg\ulrlrﬂ’?‘} o%d [‘%e‘pﬁ OIC@ r§('!’r}g‘aa}-t)‘?'ulfﬂ)d%a Su%o }%e accorf:l: gg tgs
the present IHV%ntdmahZéy of e g@anged&é éﬁﬁw eyo; hi gh

mel ting point metal an scan I um-oxlI can formed on

the el ectron emp&%d&%e%ﬂfr?é‘c? AR dhecrat hodeode assembly by
57 substrate. As a result of this, the electron em ssion

characteristic rRiarke AR HirdLoPVA kW €81 S8 WButer surfaddbf the
sufficient | ow tenperature operation can be enabl ed agai n, even

when an ¢ ectri eyddii€iday efoladed e,  fOnly aglelédorodwi GBion tsheface of
the cathode substrate is broken by an ion inpact. In addition, _
since | ow firdtenpeirditis estopar ain orhe sf iduse epabl ed, the evaporation
The porous cathode substrate 3 has a structure
similar to that shown in FIG. 8, and can be formed by
a screen printing method, as will be described below.
10 At first, W particles, ethyl cellulose as
a binder, a mixture of resin and an interface active
agent, and a solvent are mixed to prepare a.coating
solution.
As a large diameter low porosity layer, a tungsten
15 base is prepared which, for example, is made of W
particles having a particle diameter of about 3 wum and
has a porosity of about 17%. This base, for example,
has a diameter of 1.1 mm and a thickness of 0.32 mm.
A tungsten thin film layer having a small particle
20 diameter and a high porosity is formed on the base by
screen-printing the coating solution, with use of
a stainless mesh screen.
Thereafter, sintering is performed for one hour in
an atmosphere of H, at a temperature of 2000C, for the
25 purpose of sintering the thin film.:layer and of

adhering and sintering the thin film layer and the

large particle diameter low porosity layer.



anmount of an el ectron em ssion substance such as barium or the

| i ke can be reduced to be low, so that the 10 t hi ckness of a cat hode
substrate can be set to be t hi nner than a conventional case. This
al so neans t hat the life-tinme characteristic of a conventi onal
power - savi ng i npregnated-type cathode can be greatly

| mproved, which woul d otherw se be i nsuf fi 8fent due to 15 shortage in
i mpregnati on amount of an el ectron em ssion subst ance.

Further, it is preferable that an alloy of tungsten and nol ybdenum

or a mxture there oﬂggggﬂgg%h??do?u?ﬂgggg @ﬁigi??lﬁopgiéfoﬁﬁgh G_nelting

point nmetal. 20 IS, a sintere Ich-is suffi-

ciently strong can be phtained atqp. foWLSi BhAT L ion porosikSTREr AL e. AS
Y R SEARY A3 ﬁetﬁyf ?

synthetic resin, i use met hacryl ate.

A sintered |ayer, aggmygef@%é;éé@gsaﬂatﬁseegls§§fécienergftgéﬂleltyl,has an

average particle anet er rr]m and al'so

preferably has apuasiide OparPilPe4@%meter of @NUnIOLEpBELBERLGOLY has a
porosity of 25 to 35% 58

In the foll ow ngapdie Pieseahdi HventEePmWhlicRfess of aboapecaif imal |y
explained with reference to the draw ngs. Enbodi nent 1
FIG 7 is a partimldddttiosshenatésthodw stbstpgte thus obtained has
the same two-layered structure as that shown in the
model view of FIG. 8.
The method as described above was used to form

10 a cathode substrate for a cathode ray tube in which
the particle diameter and the porosity of the small
particle high porosity region as well as the particle
diameter and the porosity of the large particle
diameter low porosity region are changed.

15 The emission characteristic of this cathode substrate
was evaluated and the cathode substrate was subjected
to a forced life test. A cathode substrate thus
prepared used tungsten as its material, and had
a diameter of 1.1 mm and a thickness of 0.32 mm.

20 An electron emission substance having a mole ratio
of BaO : Ca0 : Al,03 = 4 : 1 : 1 was impregnated.

The small particle diameter high porosity region was
formed to have a thickness of 10 um, with use of
a screen printing method. Further, a sputtered film of

25 Ir was formed on this region.

The emission characteristic depending on a duty

was evaluated, at an anode voltage 200 V with a heater



5 an exanple of an electron tube using the first enbodi nent of
the i npregnated-type cat hode assenbly according to the present

i nvention. This cathode assenbly is an inpregnated-type cathode
assenbly for a klystron tube and is used with a high output and
10 a high vol tage. ' As s inthe figure, this electron
tube mainly conprises, for exanpl€, a netal substrate 3 made of
porous material W a support cylinder 11 made of M or the like
brazed so as to support the porous cathode 15 substrate 3, and a
heater 18 incor RYAtAh idk S v, with PR ta Widdwledsddmpide Hgater 18

is fixed in such a manner in which the heater is enbedded in a’
potting ifB £ Blg athd st etP) A ttbded, it efHITL i IROrEnPOr EheNS

of the porous cathode substrate 3 is inpregnated with 20 an el ectron
em ssi on subst ancechwis esubBdterdtaii o of BaO : CaO: Alf[err]derr]
is4: 1: 1. Athin filmlayer of Ir is provided on the electron
em ssion surface sidea dforced life tthestpavarucaatwmteostubsidet ec@nd byiomans
of sputtering, and an alloy layer of Ir and Wnot shown is forned
by 25 5 neansloft alieieater osedsigry.wad 8 fddi taroh, théhigathode

cat hode assenbly has a curvature of, for exanple, a radius 53 mMm
for the purpose ®frfentusiasy.600 A, while a cathode assembly assembled 59

with use of this cathode substrate was mounted on
a television picture tube having a screen diagonal
size of 760 mm. As for measurement of the emission,
10 a cathode current was measured when a heater voltage
was 6.3 V, a voltage of 200 V was applied to the first
grid, and a pulse of a duty 0.25% was applied.
The results are shown in the following tables 1

and 2.



FIG 8 is a nodel view showing a structure of the por ous cat hode

substrate 3 of the cathode assenbly. The porous cathode substrate
3 has a two-| ayered structure consisting of a large particle
di anet er 5 | ow porosity layer 22 and a small particle dianeter
hi gh porosity |ayer 23 fornmed thereon, as kg shown in FIG 8. The
porous cathode substrate 3 having this structure can be forned by
a spraying nmethod as will be descri bed below. 10 At
first, for exanple, a porous Whbase which is made of particles
havi ng an average particle dianmeter Tablenfl about 3 [err]m and which
have a porosity of about 17%is prepared as a large particle
di anet er | ow porosi tp ay-ef—Fhi-s—substrate—has—fFor—exanpte, a
di aneter of 15 70 mMm alnnah@s pareleber on en$salbnpavtiate whosF
curvature radius is |53 nm Wth thig; e Qﬁse equj pped
. t
with a mask tool, al %?(I'[t\%r%ro V/Vpartl cl eJ§ %utyl etate, fand
met hanol i S ggra ed Pe¥P$LEY | Le@iP® t hel ROERSEEY BRgERROn PO
surface of the substjratepP Y| PRANS-PL |2 spray guparticle Wiij e the
sprayi ng di stance wgs set to 10 cm _thel air pressure was set to
1.2 kgf/cnferr], thd sprayingdiameter | Foxge hhvupdispetest | Peresssy ce/ sec,
and the spraying ti Neuv@p set| {9 5 secondg, mp thipcgyl mlayer
having 25 a t hrckmess—or 20 {errjmwas uni ormf/ forjred Qn tne
el ectron enission surface haying 3 curjvat uf Th Peafter, a
heat treatnment for dne hpur mwas 3 20 1 25

3 3 20 1 40

4 3 20 1 - 45

5 3 20 0.05 30

6 3 20 0.1 30

7 3 20 1 30

8 3 20 1.5 30

9 3 20 3 30

10 3 10 1 30

11 3 15 1 30

12 3 25 1 30

13 3 30 1 30

14 1 20 1 30

15 1.5 20 1 30

16 2 20 1 30

17 10 20 1 30

18 15 20 1 30




60

nmet al ,
2200[err]C, e.g.,
2000[ err] C

filmlayer thus obtai ned was not cracked,

strength. The | aye
[err]m a porosity
[err]m

1 was nelted and i
substrate 3, by pe
tenperature of 170
cat hode substrate

set in a klystron

condition that the
bri ght ness tenpera
characteristic

el ectron

em ssion current a
current is express
at a cat hode tenpe

a tenperature of
5

carried out for the purpose of sintering of the thin
filmlayer and adhesion of the thin filmlayer and
in a reducing atnosphere at
in a hydrogen

1700 to

t he substrate

at nosphere at a tenperature of

A smal I particl%7dianeter hi gh porosity Wthin

and has

a sufficient

r had an average particle dianeter of 0.8
of 30% and 10 an uniformthickness of about 10
In the next, an el @ablen2em ssion substance of
a mxture whose nole ratio of BaO: CaO: Al[err]Jerr] is 4 "1 :
rogaatod 1o e o e d o £ o o .
P Cyrmacicu— T U1 JT L UIll Ul LT1IT Ul UTIS .
- f or mi ng %“f?ﬁ%"ﬁ{ﬁﬁ%mn %?r&?dat mosphere proBLal a
Perple fat dpbyr at duty lide&y nyPERers evalu-| —a
havi ng _al @ wht (e _t huk2BbPRBi Hed was
el eciron| tulggg and gg ywas subjected tp aging {under
cat hodel 20 tqufraturg gas 1000C b ([ertdChis a
b ur e . 103 189G 9 LAdws the el ectfon @nigsion
3 afteriaging was2perforped for 100 houfs. (rhi s
eni ssion| characteristic shows a repaglonghi p betwegn an
hd the clat hode tenperature whereingg254511 | the enijssion
?d as afate with respectpggtgglgnwssion qurrent
ature diameter
4 102 107 100 high A
porosity
region
Difficult
5 60 70 120 impregna- A
tion
6 100 120 107 O
7 105 166 101 ©
8 102 120 101 O
9 93 75 100 X
Difficult
10 101 132 69 impregna- JAN
tion
11 100 129 93 O
12 102 150 90 @
13 120 173 40 X
14 82 121 66 X
15 82 118 79 A
16 93 105 100 O
17 92 102 100 O
Difficult
18 68 88 91 z;ntermg A
substrate




of 1100[err]C b as 100% In this figure, solid |lines 31 and

61 32 respectively indicate the characteristics of a
conventional inpregnated-type cathode assenbly and an

| npregnat ed-type cat hode assenbly according to the enbodi ment 1
As can be seen fromthis graph, the 5 | npregnat ed-type cat hode
assenbly indicated by the solid line 32 according to the first
enbodi nent is superior at a |low tenperature. Since the diffusion
rate is high at a high tenperature, any particul ar superiority of

the inpregnat ed- typexaattli\%d%a@%%nbkfmqtes ¢ the RE siRILN) ANt ion
cannot be found at a tenperature. However, since the diffusion

rate is |ow a dut o& |0QW%t aFReaki Qalhbscé&pti%s%@dj itheddt@itage
| npregnat ed-type cat hode assenbly of the present i nvention is

apparently supegiigh. réspectf temMahhiemistion am@uaphasi t100S (@PPatEsh tiat t he
aging tine can be shortened by using the inpregnated-type cathode
assenbl y accor dbbgatiaetdhehphepaidtei pperbitdon of a duty 0.1Brbedi nent 2

FIG 10 is a schematic view showi ng a second 20 exanpl e of the

i npr egnated-t ypepecdphrogdd witbnbbe ofedn electrofortulpeotusdngelaectatdredaibe,
according to the present i nvention. This cathode assenbly is a

cat hode assenbl gssembly whdehgingihdge ngysrgdd, pPaxdicle ddpmedesdusly ate

porosity region and which has a particle diameter of
3 um and a porosity of 20%. 1In the same manner, values
of the emission (%) at a duty of 4.0% are test values
10 expressed in percentage with respect to an emission
amount as 100 (%) which is obtained when pulse
operation of a duty 4.0% is performed with use of
an electron tube using a cathode assembly which
includes no small particle diameter high porosity
15 region and which has a particle diameter of 3 um and
a porosity of 20%. Further, the forced life (%) is
expressed by the following calculation (2).
(I1550/10)/ (111778871078 ) x 200 (%) ... (2)

ref ;5 an emission value of an electron

Here, IO

20 tube using a cathode substrate which has no small
particle diameter high porosity region and which has

a particle diameter of 3 um and a porosity of 20%

ref ;5 an emission

before a forced life test, and Iy;¢,
value after the forced life test for 3000 hours.
25 Meanwhile, the I is an emission value of an electron

tube using a cathode assembly having a structure shown

in the table before a forced life test, and Ijj;¢e is



t hereof does not substantially have a curvature, unlike 25 t he cat hode
substrate for a klystromtube according to t he enbodi nent 1.

As shown in the figure, the el ectron tube using

62 t he i npregnat ed-type cat hode assenbly conprises, for

exanpl e, a cathode sleeve 1, a cup-like fixing nmenber 2 ~fixed to
the inside of an end portion of the cat hod® sl eeve 1 such that the
menber 2 fornms a plane which is 5 substantially the same as the
openi ng edge of the end portion, a porous cathode substrate 3 fixed

in the cup- |J ke fixi mermher 2 d i npregnated with an el ectron
em ssi on substarﬁfé,enélsciﬂ?rhd’ﬁrig'aﬁ a;?(gﬁed:era Aalt%pﬁ'co dlefg‘pe test Iqhaxi al | y SO as
to surround the eeve 1, 10 a plurality of strip-like straps
5 each having aﬁﬁ%ﬁﬁQﬂﬁnﬁJ. portion attached to the outer surface of the

other end of e gathode Sleeane d AN NAY g AN &shPAr id.0n
at an en

attached to an inner projecting portion forne portion of

the cylindrical hidaihe dbdddilakient vdiadathe-sieavad ¢ v

coaxi ally supported inside the cylindrical holder 4, and a
shi el di ngs cyl i nd&fon? 6.3 Vv whidMiiGh d sadiatheth tanddie vainedgedref ecti ng
portion formed at the end portion of the cylindrical holder 4

by a supporting arerdisrertt isorth W ledtr irvorprivbed echd etheerathode
temperature was kept increased.
As is apparent from the tables 1 and 2, when the

porosity is 25 to 40%, the ion-impact resistance is

10 improved. However, it is found that there is
a tendency that the emission characteristic is
deteriorated when the porosity is less than 25 and
a sufficient strength of the small particle high
porosity region cannot be obtained. When the particle

15 diameter of the small particle diameter high porosity
region is 0.1 um or more and is less than 2 um, the
ion-impact resistance is improved. However, when the.
particle diameter is smaller than 0.1 um, the number
of pores opened in the cathode surface is considerably

20 reduced so that it is difficult to perform impregnation.
It is also found that a sufficient ion-impact
resistance cannot be obtained when the particle
diameter is larger than 2 um.

In addition, when the porosity of the large

25 particle diameter low porosity region is 15 to 25%,

an excellent cathode characteristic is obtained.

However, when the porosity is lower than 15%, the



20 the cathode sleeve 1 and the plurality of straps 5. Heat i ng

Is perforned by a heater 8 inserted inside the cat hode sl eeve 1.
The material of the porous cathode substrate 3 is W Pore portions
of this base are inpregnated with 25 an el ectron em ssion substance
consisting of a m xture whose nnlg ratio of BaO: CaO :
Alferr]Jerr] is 4 : 1 : 1. Rbte that this cathode assenbly
is fixed to 63 an

i nsul ating supporting nenber 10, together with a plurality of

el ectrodes provéﬁ%g%éeaﬂegﬁifﬁ%aigﬁ%¥ed electPHRIBMSEHE BRIsLBEEEKRLS 1@n the

cat hode assenbly . : a strap 9 attached to the outer
surface of the zp9 rent f¥! $8@6EERI sHOLARE dhe (DRbYtIRecch8CthOdeReq0f the

first grid is shown in the figure.) The porous cat hode
substrate 3 hasyResttNetpéLosity exceédisi 8%, t enthat ishamiehbeht® 8, and
can be formed by a screen printing nethod, as wi'll be described
below. 10 that thefévapordtpant spéed, oet bk etkbtlkroacemission a
bi nder, a mxture of resin and an interface active agent, and a
sol vent &re m xaubs$vapcepias emackodbcngased so thavl theohife-time is As
a large dianeter |low porosity layer, a tungsten 15 base is prepared

whi ch, for exanphertésedmdeWén\Whe particpardismetenavifnghe pargecle
di aneter of about 3 [err]m and :
particle diameter low porosity is 2 upm or more and is
smaller than 10 um, .an excellent cathode characteristic
can be obtained. However, when the particle diameter
10 is smaller than 2 um, there is a tendency that closed
pores appear, the impregnation amount is reduced, the
life-time is shortened, and the emission characteristic
is deteriorated. In addition, when the particle
diameter of the large particle diameter low porosity
15 region exceeds 10 um, there apparently is a tendency
that an enormous energy or time is required to obtain
a predetermined porosity by means of sintering.
Embodiment 3
This embodiment shows a third example of
20 an impregnated-type cathode assembly according to the
present invention.

At first, a porous W base was prepared as a large
particle diameter low porosity layer similar to that of
the embodiment 1. A plurality of processing grooves

25 were formed to be 20 to 50 wum deep and at an equal

pitch of 20 to 50 um, in the surface of the porous W

base, by means of mechanical processing such as



has a porosity of about 17% This base, for exanple, has a
dianeter of 1.1 mmand a thickness of 0.32 mm A tungsten
thin filmlayer having a small particle 20 di aneter and a high
porosity is fornmed on the base by screen-printing the coating
solution, with use of a stainless nmesh screen. _

Thereafter, sintering is performed for onéhour in an at nosphere
of H2 at a tenperature of 2000[err]C, for the 25 pur pose of sintering
the thin filmlayer and of - adhering and sintering the thin film

oa " M awipging st ARGl HRHTT MR BT a
smal | particle ?amtc? | %ﬂ.%n%t@rg%fp%%s@&/ lI S/,mp%as filled Jgrfat rently

cracked, and has a su clent stren an average

di ameter of 1 [ rokb®s s 0@k esof 5 about 30% and a unlform
t hi ckness of abgﬁt 10 [g§?¢%8 = In addition, the cathode substrate

thus obtained has Thereatfk&%rsa@ewlt%é%r%rﬁé rvHaFé Wer ASrid@l i3 hoyd in
t he nodel view of FI G The nmet hod as descri bed

above was used sankomamnd® as J_al ehehesdoslikfntate, f of mbdat hoday rey tube
I n which the particle dianmeter and the porosity of the snal
particl e high par osithpdeegubis tas teeltlhuas obdvaiperd iied &hown in FIG. 11.
As shown in FIG. 11, this cathode substrate comprises
a matrix consisting of a porous W base 42 as a large
particle diameter low porosity region which is made of
10 W particles of an average particle diameter of about
3 um and which a porosity of about 17%, and W regions
41 which are scattered in the surface of the substrate
and which have an average particle diameter of 0.5 to
1l um and a porosity of 30%.
15 Embodiment 4

This embodiment shows a fourth example of
an impregnated-type cathode assembly according to the
present invention. Here, a cathode substrate used for
a cathode assembly of the same type as the embodiment 2

20 was formed by a spraying method.

At first, a porous W base which has a shape
similar to that of the embodiment 2, a particle
diameter of 3 um, and a porosity of 20% was prepared as
a large particle diameter low porosity layer.

25 In the next, a mixture of W paxticles and butyl
acetate was prepared as a coating solution. This

coating solution was vertically sprayed to the surface



di aneter and the porosity of the large particle di aneter | ow
porosity region are changed. 15 The em ssion characteristic of this
cat hode substrate was eval uated and the cat hode substrate was

subj ect ed to a forced life test. A cathode substrate thus

prepared used tungsten as its material, anpg had a dianeter of 1.1
nm and a thickness of 0.32 nm 20 An el ectron em ssion substance
having a nole ratio of BaO: CaO: Al[err]derr] =4 : 1: 1 was
i npr egnat ed. The smal | particle dianmeter high porosity region was
formed to have aft hhekbase ,0kit® ekr bf aw Eirug@mmf at a spraydnscreen |
printing nmethod. Further, a sputtered filmof 25 Ir was fornmed on
this region. distance of TReceniwishomnc kdragtresissiriec ofeplertdikey cm? atdut y
was eval uated, at an anode voltage 200 V with a heater

65 vobt &grayf faoy wmounthods® .86 gcdisede fagsantsipeayinng time
installing a heater, an anode, and the |ike onto the cat hode
substrate. of 5 secopdper cBdcppted: &ddmygdusaobited negt wasderieghdi ti on
5 that the heater vol tage was 8.5 V and t he cat hode current was
600 [errPA, whi FBeESRLtREde2RESUAS| FURISENSCedO @ heat freptgeatofomi s

cat hode substratte was unted on a teleyision picture tube having a

screen di agonal te1 Minutes, in,a hydrogen,atpgsphers, AdngntegPeriRd UsH ssi on,

of 1900C for the purpose of sintering the coated film
and adhering the same to the substrate. A thin film of
W thus formed and having a small particle diameter and
10 a high porosity was not apparently cracked, and had
a sufficient strength, a film thickness of 20 m,
an average particle diameter of 1 um, and a porosity
of 30%. In addition, the structure of the cathode
assembly was the same as that shown as a model view of
15 FIG. 8.
As shown in FIG. 8, an electron emission
substance consisting of a mixture whose mole ratio
of BaO : Ca0 : Al,03 was applied onto the cathode
substrate 23 having the two-layered structufe, and
20 was heated for ten minutes in a H, atmosphere at
a temperature of 1700°C, so that the electron
emission substance was melted and impregnated as shown
in FIG. 24. |
The cathode assembly thus prepared was adopted
25 in the impregnated-type cathode assembly as shown in
FIG. 10, and was equipped with an anode, thus preparing

an electron tube of a diode structure. The electron



10 a cathode current was neasured when a heater voltage was 6.3

V, a voltage of 200 V was applied to the first grid, and a pul se of
a duty 0.25% was appl i ed. The results are shown in the
following tables 1 and 2. 66

Table 1 Large particle Smeld particle di aneter | ow
di aneter high Sanple porosity region porosity region

Particle Particle di aneter Porosity dianeter

Porosity ([err]m (% ([err]m (% 1 3 20

1 20 eRission cBaracteristd@ of this klectron tule was .3
20 1 40 4 3 20 1 45 5
3 20 measur@d05 As a re3Qlt ©f this, The tube ac¥drding td.1

30 7 3 20 1 30 8 3 20
1.5 30 the present3invention 26 improved3 in the ele&dlronl0 3
10 1 30 11 3 15 1 30

12 3 emisspgn characteristic in 30 higig duty ram@e in 30

1 30 14 1 20 1 30 15 1.5
20 5 1 compariggn wjgh a convgntional impregnated-type 30

17 10 20 1 30 18 15 20

1 30 cathode. 67

Embodiment 5

This embodiment shows a fifth example according to
an impregnated-type cathode assembly of the present

10 invention.

Here, the method of forming a thin film layer of W
having a small particle diameter and a high porosity is
as follows.

Except that W particles and a mixture solution of

15 diethyl carbonate and nitrocellulose were prepared as
a coating solution and that this coating solution was
applied to the same porous W substrate as that of the
embodiment 4 rotated at a speed of 1000 rpm by a spin-
coating method, thin film layers of various thicknesses

20 each having a small particle diameter and a high
porosity were formed in the same manner as in the
embodiment 4, and a cathode substrate was thus
obtained. The thin film layer had an average particle
diameter 1 um and a porosity of 30%. The cathode

25 substrate thus obtained had a two-layered structure as
shown in FIG. 8.

An electron emission substance was melted and



Table 2 Em ssi on Em ssion Forced Total Sanple at

duty at duty life O hers eval u- 0.1% (% 0.1% (%
ation 1 88 88 120 X 2 103
128 103 @) 3 103 125 102
O Peel7i4ng .
of small particle 4 102
107 100 di anet er [err] hi gh
porosity region
Difficult 5 1m8regﬁ9ted 1nto7Qhe cathb¥d sudBRaRa; 1n tﬂé”édme
tion 6 120 107 105
166 101 manner as in thel embbdimeht 4. 102 120 101
O 9 93 75 100 X
Dfficult 10 IAlthe next32a thin Gdlm liafRre@M-Ir wad efdimed
tion 11 100 129 93 O 12 102
150 90 in the electron ef@issidn surfb2@ side diffThe cathife
X 14 82 121 66 X 15 82
118 5 79 substrate impreghetefd witd& the el@®tron emliGBion 100
o 17 92 102 100 O
Difficult substance, by a sputtering methosj.nt 8l fiprm Frerglloy 18
68 88 91 of . ) [err] .
substrate from an Ir thin film layer thus obtainggl and W of the I n
the tabl es, val ues, of the en1SS|on at duty of 0.1% are test
val ues expressef® fﬁoﬂgrEBHFE gte, t CaﬁPPﬁer§§ﬁ§€FQﬁ?aﬂ?(ﬂﬂ A dount

0,
as 100 (% Mhlcglim was formed was subjected to a heat treatment for

10 10 minutes in a hydrogen atmosphere at a temperature of

1290%C.
The electron emission characteristic of
an impregnated-type cathode thus obtained was evaluated
in the same manner as in the embodiment 4. FIG. 12
15 shows the relationship between the duty of an applied
pulse and the emission change rate, in this evaluation.
FIG. 12 shows the relationship between the duty
and the emission change rate with respect to a case in
which no small diameter high porosity layer was
20 included in the two-layered structure and a case in
which the layer thickness of the small diameter high
porosity layer was changed. 1In this figure, a solid
line 100 indicates a case of including no small
particle diameter high porosity layer, a solid line 103
25 indicates a case of adopting a film thickness of 3 um,
a solid line 110 indicates a case of adopting a film

thickness of 10 im, a solid line 120 indicates a case



obt ai ned when pul se operation of a duty 0.1%is 5 performed with use
of an el ectron tube using a cathode assenbly which includes no
smal | particle dianeter high porosity region and which has a
particle dianeter of 3 [err]mand a porosity of 20% In the same
manner, val ues of the em ssion (% at a duty of 4.0%are test

val ues 10 expressed in percentage with respect to an em ssion

anount as 100 (%9 which is obtai ned when pul se operation of a duty
4.0%is performed with use of an el ectron tube using a cathode
assenbly which of adoptin@Cludasmensimnesparnifi Qloe (i, amicera oglidariess {y
15 regi on and which has a particle dianmeter of 3 [err] mand a
porosity of 20%l 3Buihdecatiele af eased dfi faelopMings a film thiekpreassed by the
followi ng cal culation (2). (I[err]/1[err])/(1[err]/1]err]) x
100 (%9 ... (2B0 mm. 1In this debedinjesrtr,] tihe dangs pininolsd gdagfetar
electron 20 t ube using a cathode substrate which has no snal

particle di anet @owhipghrosditysilieyerediash sapdriiicdle idsmeter of 3 yaandk| e
dianeter of 3 [err]mand a porosity of 20% before a forced |ife
test, and |[errp poresidyi ofi @9%, and the gmed lamagiticde idradetas e Fhest
for 3000 hours. 25 Meanwhile, the I[Jerr] is an em ssion val ue of an
el ectron poregi& Yudidygra hask Fo e radSdfo i amakisty of dt riitt shown

IESS the table befaorp%r%sfi%ryc% I3i0f%e. t Sr;[ ’acﬁﬂ%ilo[ne,r r\:]hei Semission change
rate is expressed, with an emission obtained at a duty
of 0.1% being regarded as 100%. The measurement

10 conditions were a heater voltage of 6.3 V and an anode
voltage of 200 V.

As is apparent from this figure, according to the
present invention, the electron emission characteristic
is improved in a high duty range, in comparison with

15 a conventional cathode assembly, and an excellent
electron emission characteristic in a high duty range
can be obtained when the film thickness is within
a range of 3 to 30 um.

Embodiment 6

20 This embodiment shows a sixth example of
an impregnated-type cathode assembly according to the
present invention.

At first, a porous W substrate having a particle
diameter of 3 um and a porosity of 20% was prepared

25 as a large particle diameter low porosity layer.
This cathode substrate is applicable to the cathode

assembly for a cathode ray tube as shown in FIG. 10.



an em ssion value after a forced life test for 3000 hours.

The forced |life test was perfornmed under condition that the

cat hode filanent voltage was raised to 8.5V 5 from6.3 V which is a
cat hode fil anent vol tage of a conventional electron tube and the
cat hode tenperature was kept incrgased. As is
apparent fromthe tables 1 and 2, when the porosity is 25 to 40%
the ion-inpact resistance is 10 i nproved. However, it is found that
there is a tendency that the em ssion characteristic is

deteriorated when gaie iRarRsitdoydthdressi thath 2rqiitic solvent awestl fi ci ent
strength of the small particle high porosity region cannot be

obt ai ned. Wien tphepaadd dike Paste onlitaretellecfrdhensigd lopaidt fd :
di anet er high porosity region is 0.1 [err]mor nore and is |ess
than 2 [err]m tlager of the icathodmculrsasiategnend wdsmraatesi Hjowever,
when t he particle dianmeter is smaller than 0.1 [err]m the nunber
of pores opened sicreshe prariddy swcladdidts & erisitdereablayer?had reduced so
that it is difficult to perforn1|npregnat|on It is also found
that a sd ficiedt thdskngsgcrot 20 ﬂa@rgaaﬁmr,cmwo@m%um when
the particle dianeter is Iarger than 2 [err]

addi tion, when @Fdegorss; Bpboecited It ge heat treatmﬁrm diqr dieawpékuqeeﬁ/v

porosity region, |s 1% to 25% an excel | ent cathode CH?FaCtEFIStIC

i s obt ai ned. AERGES atARSPhARE i osi49Ci ShERRRY t4arfol8Y, t he

a thin film layer of W having a small particle diameter
and a high porosity. Note that the density of paste W,
10 printing conditions, and the sintering time aﬁd
temperature were arranged such that a sintered porous
layer has an average particle diameter of 1 um and
a porosity of 30%.
A cathode substrate thus prepared had a two-
15 layered structure as shown in FIG. 8.

An electron emission substance made of a mixture
whose mole ratio BaO : CaO : Al,05 was 4 : 1 : 1 was
adopted, and this substance was melted and impregnated
in pore portions of the cathode substrate, in

20 a hydrogen atmosphere at a temperature of 1700C for
10 minutes.

Two layers of ScH, layers as Sc compound thin film
layers and Re layers as high melting point metal thin
film layers were alternately formed on the surface of

25 the cathode substrate thus formed, by a sputtering
method.

The cathode substrate thus obtained had



70 anount of an inpregnated electron em ssion substance is

apparently reduced so that the life-tine is shortened. When t he
porosity exceeds 25% there is a tendency that the evaporation
speed of the electron emssion 5 substance is nuch increased so that
the life-tine is shortened. \Wen $he particle dianmeter of the
| ar ge particle dianmeter | ow porosity is 2 pmor nore and is
smaller than 10 [err]m an excellent cathode characteristic can be
obt ai ned. However, when the particle dianeter 10 is smaller than 2
[err]m there | s astwdeey iMathidP®tnall parPEES RIPRPorddet :
i npregnati on anmount is reduced, the l'ife-time is shortened? and t he
em ssi on char actlayiest i23 was laydredliaiera orat@sl. pdrt felté td Dame vbLN) bR
particle di aneter of the large particle dianeter |ow porosity 15
regi on exceeds I@rcevitjymlavesr € appes esttdwn i sn FI@ndENcyand ScH, lapaétsan
enornous energy or tinme is required to obtain a predeterm ned
porosity by nmeald$ @ndsiit émich@e layers 26 and Ehboak neigh 3nelting point
Thi s enbodi mrent shows a third exanple of 20 an i npregnat ed-type
cat hode &ssenbl redddortdiifg fidm Hayers are ghtemmtelwelmyored on the
At first, a porQus Wbhase was prepared as a | arge particle dianeter
| ow porosity | ay@¥edet agsaplphgthasye pores axeqidinprrgnaiedd Wit plurality
of processing grooves. 25 were forned to be 20 to 50 [err]m deep and at
an equal an electron emission substance. Each of the ScH, thin
film layers and Re thin film layers had a thickness of
20 nm, and sputtering was alternately performed on
10 every two of these layers. 1In particular, ﬁhen
sputtering ScH, thin film layers, a H, gas was
introduced in addition to an Ar gas in order to prevent
separation of H,.
The cathode assembly thus prepared was adopted
15 in an impregnated-type cathode assembly as shown in
FIG. 10 and was equipped with an anode. An electron
tube having a diode structure was thus prepared.
The electron emission characteristic of this electron
tube was evaluated as follows. At first, a pulse of
20 200 V was applied between the cathode and anode, at
a heater voltage of 6.3 V. Here, while the duty of
an applied pulse was changed from 0.1 to 9.0%, the
emission current density was measured.
FIG. 14 is a graph showing the emission
25 characteristic of the impregnated-type cathode

according to this embodiment, in form of a relationship

between the duty and the emission current density of



pitch of 20 to 50 [err]m in the surface of the porous W base, by
means of nechani cal processing such as

71 grinding. Thereafter, Wpowder having an average

particle diameter of 0.5 to 1 [errlmwas filled in the processing
gr ooves. Thereafter, a heat.}geatnent was performed in the

5 sane manner as in the enbodlnent 1. nodel vi ew of a

cat hode substrate thus obtained is shown in FIG. 11. As shown in
FIG 11, this cathode substrate conprises a matrix consisting of a

por ous W base 43 1as l%ﬁﬁ%;a?ﬁ Itg pe RaHddd e diansl & ffqylﬂprom ty region

whi ch i s nade of I"es of an average partic di aneter of

about %}{eerddﬁe?lrﬂ WHGIR s 20D Sidas WendipUtr dsi2ht a Wr egi ons
41 which are scattered in the surface of the substrate and whi ch’

have an aver age gpadnveirg idret @opfl Hrdr tsrandate) catHddd |dnlsdith@ced
porosity of 30% 15 Enbodi nent 4 Thi s enbodi nent
shows a fourth emgnihe @furve 72 inddrvdtgs egmedattememntc atdmdet asSenbl y
according to the present invention. Here, a cathode substrate used
f or 5 a ecatimpdegsderbitynsf adtdosieraaoqystiay e Wrqiiesemt 2 20

was fornmed by a spraying nethod. At first, a porous W base
whi ch has a shapg@vention, and the curve 73 indicates a ‘measurement

result of a conventional metal-coated impregnated-type
cathode. The impregnated-type cathode according to the
present invention has a more excellent emission current

10 characteristic in both of low and high duty ranges than
that of a conventional impregnated-type cathode.

When Ru or Hf was used as another example in place
of Re contained in the high melting point metal thin
film layer, or when Sc was used in place of ScHj

15 contained in the scandium compound thin film layer, the
same characteristic as described above was obtained.

.Embodiment 7

This embodiment shows a seventh example of the
present invention.

20 FIGS. 15 to 21 are views for explaining steps of
manufacturing a cathode substrate used in the present
invention.

At first, tungsten particles having an average
particle diameter of 3 um were used to obtain a porous

25 substance of a large particle diameter low porosity
layer having a porosity of 20% in a normal method.

Thereafter, a film of paste containing tungsten



simlar to that of the enbodinment 2, a particle di aneter of 3
[err]m and a porosity of 20% was prepared as a large particle
di aneter | ow porosity layer. 25 In the next, a mxture of W
particles and butyl acetate was prepared as a coating solution
Thi s coating solution was verticajdy sprayed to the surface

72 of the base, with use of an alr-gun, at a spraying
distance of 10 cmwith an air pressure of 1.2 kg/cnR at a spray
fl ow anpbunt of 0.35 cc/sec for a spraying tine of 5 seconds. A

coated film thusvabtfomesh vis dréetben printidgmeied, aNocN@s]SHpect ed
to a heat treatnent for ten mnutes in a hydrogen atnosphéere at a

t enperature partiafe Blerad Qdwrpdes Piif faseeOfasidhhed i el t isogoat ed
film and adhering the sane to the substrate. A thin film of

Wthus forned amthbdsequantalsdiie phrkn cife mhstnetwas asthtdfled fora high
porosity was not apparently cracked, and had a sufficient

strength, a fil Mk Wigkuteess iof R0fdraden atmosphereamtavertagempaeaticd e
dianeter of 1 [err]m and a porosity of 30% In addition, the
structur® of the@fcadiBffde thereby ofxsifhing vasnde szamtiasle Mhtandiosn as a
nodel view of 15 FI G, 8. As shown in FIG 8, an electron

eni ssi on high RATafid Y disiast iy S Por sk tsHks tannse htieng ati o

an average particle diameter of 1 um and a porosity
of 30%. A cathode substrate was thus obtained.
FIG. 15 is a model view showing the cross-
10 sectional structure of this cathode substrate.
As shown in FIG. 15, an obtained cathode substrate 123
comprises a large particle diameter low porosity layer
121 and a small particle diameter high porosity layer
formed on the layer 121.
15 In the next, copper particles were used to form
a copper particle layer 131 on the large particle
diameter low porosity layer 121. As a method of
forming the copper particle layer 131, it is possible
to use a method of performing screen printing with use
20 of paste containing copper particles, and a method of
directly covering the small particle high porosity
layer 122 with copper particles. Here, the method of
direct covering was used.
FIG. 16 is a model view showing a cross-sectional
25 structure of the cathode substrate -£hus obtained.
As shown in FIG. 16, the cathode substrate 133 using

copper particles had a copper particle layer 131 on the



of BaO: CaO: Al[err](Jerr] was applied onto the cathode

substrate 23 having the two-|layered structure, and 20 was heated for
ten mnutes in a Herr] atnosphere at a tenperature of 1700[err]C,
so that the electron em ssi on substance was nelted and i npregnat ed
as shown in FIG 24. go The cathode assembly thus
prepared was adopted 25 I n the inpregnated-type cathode assenbly as
shown in FIG 10, and was equi pped with an anode, ‘thus preparing
an electron tube of a diode structure. The el ectron

73 ephshbaR shacagheel 3bizc of this electron tube was

nmeasured. As a result of this, the tube according to t he present

i nvention is inproveghefebf@¢ecg!, e¢hORathode sub@BraHieon 3 aiaClst St ¢ in a
hi gh duty range in 5 conmparison with a conventional inpregnated-type
cat hode. a cup maHebeodi medybdenum, and heatebhit® amyedipenitwieows a
fifth exanple according to an i npregnat ed-type cat hode assenbly of
the present 10of 10BAWkAnhi enhydrogen atmosphidges, theerabat hed tafndg drhe ng a
thin filmlayer of W having a small particle dianmeter and a high

porositySis copperapafriicdws. 131 and coveringyddst surfow 94 thd es and

a mxture solution_ of
small particle high porosity layer 122 with a copper

covering layer. In this state, the heating temperature
may be 1083°C at most, and can be set to a temperature
within a range in which copper covering can be
10 sufficiently carried out.
FIG. 17 is a model view showing a cross-sectional
structure of the cathode substrate 143 covered with
a copper cover layer. As shown in FIG. 17, the cathode
substrate 143 is covered with a copper cover layer 141.
15 FIG. 18 is a schematic view for explaining a step
of cutting the cathode substrate. As shown in FIG. 18,
an obtained cathode substrate 143 was thereafter cut by
a laser beam 151 from a laser light source 150, and was
cut into respective pieces of cathode substrates each
20 having a predetermined size, as shown in FIG. 19.
FIG. 20 is a view showing the shape of a piece
of the cathode substrate cut out as described above.
FIG. 21 is a view schematically showing the state of
the cathode substrate after tumbling processing.
25 As shown in FIG. 20, a cut-out cathode substrate 160
had burrs 161, and contaminations 162 or the likes

stick to the substrate 160 due to oxidization and



15 di et hyl carbonate and nitrocellul ose were prepared as a
coating solution and that this coating solution was applied to the
same porous Wsubstrate as that of the enbodi ment 4 rotated at a
speed of 1000 rpm by a spin- coating nethod, thin filmlayers of
various thicknesses 20 each having a @gﬁll particle diameter and a

hi gh porosity were fornmed in the me manner as in the

enbodi nent 4, and a cathode substrate was thus obt ai ned. The thin
filmlayer had an average particle dianmeter 1 [err]mand a
porosity of 30%. & cathpde 25 substrate thus obtained had a

two-| ayered structure as showmn in FIG 8. An

el ectron em ssion subsias Washd®idttbddbubstrate 160 thus cut out
74 | npregnated into the cathode substrate, 1 n the sane

nmanner as in theraadi meta £losed container) téferRextwitnt Bi Balll mlayer
of Ir was forned in the electron em ssion surface side of the

cathode 5 nsudes to fataeh umipree giad e W ddy, tdved et walbI bng epresesning was
substance, by a sputtering nethod. To forman all oy froman Ir
thin filmlayer g wirdividgth arak Whfa tharrel poliskethodsssahswnatis, the
cat hode substrate on which an Ir filmwas fornmed was subjected to
a heat treatnentF¥or 21,0 burrsi0lad andesontaninal bors béAokpher semevad

tenperature of )
through this processing, so that a cathode substrate

180 comprising a large particle diameter low porosity
layer 121, a small particle diameter high porosity
10 layer 122, and a copper cover layer 141 was obtained.
The cathode substrate 180 thus obtained was dipped
in a solution whose volume ratio of nitric acid : water
is 1 ¢ 1 for 12 hours, and was thereafter dried.
Thereafter, the cathode substrate 180 was set in a cu
15 made of molybdenum, and was heated at 1500°C until flame
of copper ceased. Copper was thus removed. FIG. 22 is
a model view showing a state of a cathode substrate
from which copper was removed. As shown in FIG. 22,
deterioration in the shape of the surface due to
20 cutting and tumbling was not found on the surface of
the small particle diameter high porosity layer 122
after removal of copper, and thus, the surface
condition was excellent. In addition, blockage of pore
portions of the small particle diameter high porosity
25 layer 122 was not found.
Subsequently, an electron emission substance

obtained by mixing barium oxide, calcium oxide, and



1290[err] C. The el ectron em ssion characteristic of

an i npregnated-type cathode thus obtai ned was eval uat ed in the
same nmanner as in the enbodinment 4. FIG 12 15 shows the rel ationship
bet ween the duty of an applied pul se and the em ssion change rate,
in this evaluation. FI G 128?h0m5 the rel ati onshi p between
the duty and the em ssion change fate with respect to a case in
whi ch no smal | dianmeter high porosity layer was 20 i ncluded in the
two-| ayered structure and a case in whi ch the | ayer thickness of

the smll di amehGhnihdh oxide atParABIEY rhdkelas CHANOy I ddlis dd ure:

a solid l'ine 100 i ndicates a case of including no smal

particle di amet ghtbi ghePeuFabY bdYehe 83mddhi @akicie 1803 gk poroél jcates a
case of adopting a filmthickness of 3 [err]m a‘sol'id l'iné 110

i ndicates a casea@bradopt,i Badawhisl Meated at tahlt‘éh@@&%t%:el%ﬁ algslot @zsol id
line 120 i ndicates a case

of adopting a fithreehimikness ah 20hparoged atmébiplickieneso that thi0
i ndicates a case of adopting a filmthickness of 30 [err]m In
t hi s enbadi nent subkéahaeggapameilted dndneémpregnated indw pdweosiattthddayer had
a particle dianeter of 3 [errlmand 5 a porosity of 20% and the snal
particle di anet enbhtghte 180. péGesiByibapemoded xipar showdng deter of 1
[err] mand a porosity of 30% In addition, the em ssion change
structure of an impregnated-type cathode thus obtained.
As shown in FIG. 23, the applied electron emission
substance 208 was impregnated into the pore portions of
10 the large particle diameter low porosity layer 121
through the pore portions of the small particle
diameter high porosity layer 122.
As explained above, according to the seventh
example, cutting and tumbling steps are improved by
15 using the method of the present invention, so that
an excellent impregnated-type cathode can be obtained.
Embodiment 8
The following explains an eighth example of the
present invention.
20 FIGS. 24 and 25 are views explaining manufacturing
steps of a cathode assembly used in the present
invention.
At first, a large particle diameter low porosity
layer having an average particle diameter of 3 um and
25 a particle of 20% was obtained in the same manner as in

the embodiment 7.

Thereafter, paste containing tungsten powder and



rate is expressed, with an em ssion obtained at a duty of 0.1%
bei ng regarded as 100% The neasurenent 10 conditions were a heater
voltage of 6.3 V and an anode vol tage of 200 V. As is
apparent fromthis figure, according to the present invention, the
el ectron em ssion characteristic IS, 1 mproved in a high duty range,
I n conparison with 15 a conventional "cat hode assenbly, and an

excel | ent el ectron em ssion characteristic in a high duty range
can be obtained when the filmthickness is within a range of 3 to

30 [err]m copper parEiRedsmeRl @sed0to form a fﬂﬂﬁsdﬁﬂ@ﬂg'fﬂggéshoms a
si xth exanpl e of an i npregnated-type cathode assenbly according to

t he prpaeRticilBvValb@ler low porosity Alayldd Sls odtRATRIES Move,
substrate having a particle iameter of "3 [err]mand a porosity of

20% was prepar eBy &5screenaprankahngempdhbidc! e stiba@iuent16y RMeOFHitlyn loFyer .
This cathode substrate is applicable to the cathode assenbly for a
cat hode ray tubpaaseshaws ifbrkhke@ wh@. sintered for 30 minutes at 1800C
76 Wparticles together with an organic sol vent were
preparedsl i ke paste bydrbgesl etrosphemessiaat $infsac@ cathode sulppdiradfe t he
cat hode substrate, and was coated by
made of a porous body of a small particle diameter high
porosity layer having an average particle diameter of
1 um and a porosity of 30% was obtained.
FIG. 24 is a model view showing a cross-sectional
10 structure of the cathode substrate. As shown in
FIG. 24, a cathode substrate 213 thus obtained had
a two-layered structure consisting of a large particle
diameter low porosity layer 211 and a small particle
diameter high porosity layer 212, wherein the small
15 particle diameter high porosity layer 212 was a porous
layer containing tungsten particles 214 and copper
particles 215.
By heating the cathode substrate 213 in the same
manner as in the embodiment 7, copper particles 131
20 were melted and the surface of the small particle
diameter high porosity layer 212 was covered with
copper, thus filling the pore portions with copper.
FIG. 25 is a model view showing a cross-sectional
structure of a cathode substrate in which pore portions
25 were filled with copper. As shown in FIG. 25, the
small particle diameter high porosity layer 222 of the

cathode substrate 223 had a structure in which pore



screen printing such that a mxture | ayer had 5 a thickness of 20
[err]m Thereafter, coated paste was dried and subjected to a
heat treatment for ten mnutes i n a hydrogen atnosphere at
1900[err]C, thereby to form athin filmlayer of Whaving a snall
particle dianeter and a high porgﬂtty. Note that the density. of
paste W 10 printing conditions, an he sintering tine and
tenperature were arranged such that a sintered porous | ayer has an
average particle diameter of 1 [err]m and a porosity of 30%

A cathode subst pai-e ibhdS bRiteRANEF L ted Wairt kdles 214 %Véf&dfﬂ%é@t?re as
e o0 a

shown in FIG 8. An el’ectron em ssion substance ma
m xt ure withome 1relie coplpee B2G.: CaO : Alferr](err] was 4 : 1 : 1

was adopted, and this substance was nelted and i npregnated
in pore portions of the cathode substtraite 22B tius obtaidwdn@gencut in
at nosphere at a tenperature of 1700[err]C for 10 m nutes.
Two | ayers of StH2 kayer saane$c asoipowie tehibodinMent 7, and thayerisn@and Re
| ayers as high nmelting point netal thin filmlayers were
alternatély forpsacessting vasf geerded 2mt to ndwmowveatdugmieesubsipatentsus
formed, by a sputtering ) nmet hod. The cat hode
substrate thus BBtgraegagagn in the shape of the surface due to 77
cutting and tumbling was not found in the surface of
the small particle diameter high porosity layer after
copper was removed, and the surface condition was
10 excellent. In addition, blockage of the pore portions
of the small particle diameter high porosity layer was
not found.
Subsequently, an electron emission substance was
applied and melted onto the surface of the small
15 particle diameter high porosity layer, in the same
manner as in the embodiment 7, and thus, the substance
can be sufficiently melted and impregnated into the
cathode substrate.
According to the eighth embodiment, cutting and
20 tumbling steps are improved by using the method of the
present invention, so that an excellent impregnated-
type cathode can be obtained without making damages on
the electron emission surface.
The impregnated-type cathode substrate or the
25 impregnated-type cathode assembly using the substrate

was used for electron tubes, such as a cathode ray

tube, a klystron tube, a traveling-wave tube, and



a structure in which a snmall particle high porosity | ayer 23 was
| ayered on a large particle dianeter |ow porosity |layer 22, as
shown in FIG 13, and ScH2 | ayers 25 and 27 and Re |l ayers 26 and
28 as high nelting point 5 nmetal thin filmlayers are alternately

| ayered on the | ayered assenbly vggose pores are inpregnated with
an el ectron em ssion substance. Each of the ScH2 thin filmlayers
and Re thin filmlayers had a thickness of 20 nm and sputtering
was alternately perforned on 10 every two of these layers. In
particular, whery _gyrotron,SRéJ.?.e,r it SEthddd rdy 1By Swn &% gRs yas
introduced in addition to an Ar gas in order to prevent separation
of H2. the klkhareal hade ageenrblinh FIds. pr epsHe d s Bdophedre 15
in an inpregnated-type cathode assenbly as shown in FIG 10 and
was equi pped wi ttuken sdrode. inAFI®.e&,r @and the gyrdtdun hehowrg i EImle 6.
structure was thus prepared. The el ectron em ssion characteristic
of this el ectrofhen, varicushe hwas nonaltudtesd veescef aibtmineddtwifialst, a pul se
of 20 200 V was applied between the cathode and anode, at a
heater v6ltage &ftt@imsva hdgh parifloemameedabilgity and a laong adpifie ddimpil se
was changed fromO0.1 to 9.0% the o em ssion current density was
neasur ed. and whichrjhgvel & sy ffigigst dieawiimpadfe xafiissianrce 2nd
characteristic of the inpregnated-type cathode according to this

enbodi ment, in B3 FEEE S sliegiakin emission chagaGtams ity HWRtPS he

em ssion Curren%d%%%%fﬁ%,%% a high voltage and a high frequency. Note

that the impregnated-type cathode substrate of the
10 present invention is not limited to the embodiments as
described above, but may be used for other various

electron tubes.



the i npregnated-type cathode. In this figure, t he

curve 71 a neasurenent result of a conventiona

(top- IayG}maﬁ ﬂﬂi(m ,I,&Hm de substrated on, the curve 72 indicates
a nmeasure a i npregnat ed-type cathode according to the
pr esent |nvent|on and the curvegg3 i ndi cates a neasur enent

result of a conventional netal-coated i npregnat ed-type cat hode.
The i npregnat ed-type cat hode according to the present invention
has a nore excellent em ssion current 10 characteristic in both of |ow

and high duty ranges than

cat hode.

of Re contained in the hpghji

thag ef aazcengentional inpregnated-type

When Ru or Hf was used as another exanple in place

when Sc was used in place of 15 contained in the scandi um

conmpound thin febmprageng hhearge partiale dhamaceer sk poadsdescri bed

Ha AgtRai-Bypeetakhblensubstratefl il mlayer, or

above was obt ai ned. Enbodi nent 7 Thi s enbodi nent
shows a sevent hregaopl endf at kmall partiplesdnametneenhigh. po2®sity

FIGS. 15 to 21 are views for explaining steps of

cat hode Substraregieadwhiachhésppeswinted in a siideenti en. electron
tungsten particles having an average particle dianeter
pm wer e used t oeBbsaianaspsfans ofsthe lagpst RaEé&isfeadiargsepadeic| e

first,

di anet e
net hod.

r

10

15

20

25

porosity region and has an average particle diameter
smaller than an average particle diameter of the large
particle diameter low porosity region and a porosity
higher than a porosity of the large particle diameter
low porosity region, said impregnated-type cathode
being impregnated with an electron emission substance.

2. An impregnated-type cathode substrate
according to claim 1, wherein the large particle
diameter low porosity region has an average particle
diameter of 2 to 10 pm and a porosity of 15 to 25%.

3. An impregnated-type cathode substrate
according to claim 1, wherein the small particle
diameter high porosity region has an average particle
diameter of 0.1 to 2.0 um and a porosity of 25 to 40%.

4. An impregnated-type cathode substrate
according to claim 1, wherein the small particle
diameter high porosity region has a thickness of 30
or less.

5. An impregnated-type cathode substrate
according to claim 1, wherein the small particle

diameter high porosity region is provided linearly or

manuf acturing a

At
of 3

| ow porosity | ayer having a porosity of 20%.,n a norna



Thereafter, a filmof paste containing tungsten

79 was f ol printing nmethod, on the | arge
particle dianeter | ous “mlllwﬂﬂﬂjﬁ" as obtai ned above. _
Subsequently, the film of paste #as* sintered for 30 mnutes in a

hydr ogen atnosphere at a tenperature 5 of 1800[err]C, thereby

obtaining a small particle dianeter 87 hi gh porosity |ayer of a

por ous substance havi ng an average particle diameter of 1 [err]m

and a porosity of 30% A cathode substrate was thus obtained.

[ 15 1S A MolehkbenasIRvERd ER8CEE8R emitlion SEFHANE; Rl Igeture of
sho I n I8. f,

t his cat hode substrate. . wn . . an obtaine caphode
substrate 123 the largéoﬁﬁft§@§eadh§hg%eﬁaﬁbhp?%f@éi FogiQy porosity

| ayer 121 and™a snall particle dianmeter high porosity |ayer

formed on the | ayer @21-An15mpregnated—k?pbh%aﬁﬁéhe GRPRRaRR ticles were
used to form a copper particle layer 131 on the large particle

di ameter | ow poaesoiyiihgyed &23imAs,awhetrbad ¢he impregnat@ditiget he copper
particle layer 131, it 1s possible to use a nethod of performng
screen pginti ngcathbdessub@0rate haspaat avewage pangicdppdsiapatircl es, and
a net hod of directly covering the small particle high porosity

| ayer 122 with aogparppaesityewhiebr ehange et ktepsf from the large
particle diameter low porosity region to the small
particle diameter high porosity region.
7. An impregnated-type cathode substrate

10 according to one of claims 1 to 3, wherein a layer
including at least one kind of metal selected from
a group of iridium, osmium, rhenium, ruthenium,
rhodium, and scandium is formed on the electron
emission surface.

15 8. A method of manufacturing an impregnated-type
cathode substrate according to claim 1, comprising the
steps of:

forming a porous sintered body to form a large
particle diameter low porosity region;

20 obtaining a poroﬁs cathode pellet by forming
a small particle diameter high porosity region in
an electron emission surface side of the porous
sintered body, said small particle diameter high
porosity region having an average particle diameter

25 smaller than that of the large particle diameter low
porosity region and a porosity higher than the porosity

of the large particle diameter low porosity region;



Cross-seetronat '35 structure ot | IIFMRMVIRERIIS: <" s o5t

As shown in FIG 16, the cathode substrite®133 using * copper
particles had a copper particle layer 131 on the

80 cat hode substrate 123. Thereafter, the cathode
substrate 133 was set in a cup naé@ of nol ybdenum and heated to a
t enperature of 1080[err]C in a hydrogen atnosphere, thereby nelting
the 5 copper particles 131 and covering the surface of the

smal | particle high RokSingy r@yeichinghitile HSTRRREmember, tHAEHY N
layer. In this state, the heating tenpéeraturé may be 1083[err] C at

nost, and can becsat al PoduBMRARMOMEE substratey thid) a range in which
copper covering can be 10 sufficiently carried out. FI G

17 is a nodel view sh@ifiregnatings$heeqoirotdl cathode ssibsttaties wifti he
cathode substrate 143 covered with a copper cover layer. As shown
in FIG 17, theapaehederon emissdobstsubiseabd.is covered with a copper
cover |ayer 141. 15 FIG 18 is a schematic view for explaining a
step 5 of cut Bi.ng & vetdaidhede ogndlisty dtoe ¢ lasins owwhereEInGthes,
an obtained cathode substrate 143 was thereafter cut by _ a laser
beam 151 from ashaddr pargticlsogrieaetsy, hdamh weyrosity regiqn iistfprmed
respective pieces of cathode substrates each
by a method selected among a printing method, a spin-
coating method, a spraying method, an electrocoating
method, and an elution method.

10 10. A method of manufacturing an impregnated-type
cathode substrate according to claim 1, comprising the
steps of:

forming a porous sintered body to form a large
particle diameter low porosity region;

15 obtaining a porous cathode pellet by forming
a small particle diameter high porosity region in
an electron emission surface side of the porous
sintered body, said small particle diameter high
porosity region having an average particle diameter

20 smaller than that of the large particle diameter low
porosity region and a porosity higher than that of the
large particle diameter low porosity region;

providing a filler selected from a group

consisting of metal and synthetic resin having

25 a melting point of 1200C or less, in the electron

emission surface side of the porous cathode pellet;

heating the porous cathode pellet provided with



20 having a predeternined size, as shown in FIG 19.
FIG 20 is a view show ng the shape of a piece of the cathode

Sehermti cally Show ng the State of the cat hade EUSLIIIIHMIILHIIH}IM Il
tunbli ng processing. 25 As 'shown in8 G 20, a cut-out~cat
substrate 160 had burrs 161, and~“Contam nati ons 162 or the Ilkes

stick to the substrate 160 due to oxidi zati on and
81 evapor at i on. Further, the cathode substrate 160

thus cut out  4pe flr?arpugt @eﬁ%§§§gu98n5§i BRLch! pgst Eghwnaﬁ pal |

made of al um na and si a an I ng processing was per forned
with use of a bggfgbqpolisher. As shown in FIG 21, burrs 161 and
contam nations 162 mere renmoved through this processing, so that a

cathode substrate cuttind88rcpifehshgdtBel pogoupastinebeecd paBEYECEnkew
porosity | ayer 121, a small particle dianmeter high porosity 10

| ayer 122, and a poppeteecnvaed| ayee, 144 vasmoht poreds cathode The

cat hode substrate 180 thus obtai ned was di pped in a solution whose
volune rgtio ofsubstratagid : water is1: 1 for 12 hours, and was
thereafter dried. Thereafter, the cathode substrate 180 was set in
acu 15 made of subljgbdéngnthandonagsheatbddet sube0Ofekte] Eountil fl anme

tumbling processing, thereby to remove burrs and
contaminations;
removing the filler from the porous cathode
10 substrate subjected to the tumbling processing; and
impregnating the porous cathode substrate from
which the filler has been removed, with an electron
emission substance.
11. A method of manufacturing an impregnated-type

15 cathode substrate according to claim 1, comprising the

steps of:
forming a sintered body made of high melting point
metal to form a large particle diameter low porosity
region;

20 preparing paste containing high melting point
metal powder having an average particle diameter
smaller than that of the large particle diameter low
porosity region and at least one kind of filler
selected from a group of metal and synthetic resin

25 having a melting point of 1200C or less;

applying the paste to an electron emission surface

side of the porous sintered body made of high melting



of copper ceased. Copper was thus renoved. FIG 22 is a nodel view
showi ng a state of a cathode substrate from whi ch copper was
renoved. As shown in FIG 22, deterioration in the shape of the

e TR ot S0P 35 T i i
of copgpef, and*thus,” the surface condition was excellent. In

addi tion, bl ockage of pore portions of the small particle dianeter
hi gh porosity 25 | ayer 122 was not found. Subsequent |y,

an el ectron em gékﬁe Adbatagseform the ABLBENSERY cTeXidiGrAld MLXi de,
cal ci um oxi de, and 82

al um num oxi de ggrasﬂeyerégggn f 4: 1: 1 was applied onto the
surface of the small particle high porosity | ayer 122, and was
heated at a tenperatheetdhgl6h8Cpbebus sinteredhbedynmadecs i migghhydr ogen
at nosphere, so that the 5 subst ance was nelted and inpregnated into
t he cat hode meltingupetnat met80. ol Ghe23argea parddlc e eldagtedwmg t he
structure of an inpregnated-type cathode thus obtained. As shown
in FIG 83, thelappbprdsét¥creghoaniappilénd with thespsitgéncd208 was

i npregnated into the pore portions of 10  the large particle dianeter
| ow porosity | agekemperature at whishgkhenhdiddes G@Pt%@h@&ﬁtQQHaﬁﬂﬁhl

particle di anmeter _high porosity layer 122. . .
that a small particle diameter high porosity region

having an average particle diameter smaller than that
of the large particle diameter low porosity region and
10 a porosity higher than that of the large particle
diameter low porosity region is formed, thereby to
obtain a porous cathode pellet;
cutting or punching the porous sintered body into
a predetermined size, to form a porous cathode
15 substrate;
subjecting the porous cathode substrate to
tumbling processing, to remove burrs and
contaminations;
removing the filler from the porous cathode
20 substrate subjected to the tumbling processing; and
impregnating the porous cathode substrate with
an electron emission substance.
12. An impregnated-type cathode assembly including
an impregnated-type cathode substrate according to one
25 of claims 1 to 7.
13. An impregnated-type cathode assembly according

to claim 12, wherein the impregnated-type cathode



As expl ai ned above, according to the seventh exanpl e, cutting and
tunbling steps are inproved by 15 using the nethod of the present

i nvention, so that | ent i npregnated-type cat hode can be
obt ai ned. ”",l!, ,H"“lm'r"mmF The follow ng expl ains
an eighth exanple of*the L » s esent bqyention. 20 _ FI GS. 24
and 25 are views expl ai ni ng manufacturi ng steps of a cathode
assenbly used in the present i nventi on. At first, a

| arge particle dianeter |ow porosity | ayer havi ng an average

particle diamet gkgefip3vPIsandag2 I liiCl % was obtained in the
same manner as ins yPs t%gdezggdﬁngﬁgﬁyge r%yokd%% Thereafter, -

paste containing tungst eRnPenEeEqARded-t thode. b
83 copper parthlgg mgs uged ?gefgﬁnlg |F§F§# &ﬁéﬁ%ﬁ%ﬁ?or

particle di ametgr chewoner eayt Yubayehceasrahhal #edcakqywe 13, coﬁfrié%%?%
screen printing nethod. Subsequently, the fi’l m of © paste thus

formed was sintered hoey3@ndirAuhescathd@@0keeele; 5 in a hydrogen
at nosphere, and thus, a cathode substrate made of a porous body of
a smal | Particle di apet émpheghated-typeportbibtly kapetrhae fdxdmeaver age
particle dianmeter of 1 [err]mand a porosity of 30% was obt ai ned.
member fixed to an inner surface of an end portion of
the cathode sleeve;
an impregnated-type cathode substrate according to
one of claims 1 to 7, fixed to the impregnated-type
10 cathode substrate fixing member;
a cylindrical holder provided coaxially outside so
as to surround the cathode sleeve; and
a plurality of straps each having an end portion
fixed to the outside of the cathode sleeve and another
15 end portion fixed to the inside of the cylindrical
holder, and a heater provided inside the cathode
sleeve.
15. An impregnated-type cathode assembly according
to claim 12, wherein the impregnated-type cathode
20 assembly is used for a klystron tube.
16. An impregnated-type cathode assembly used for
a klystron tube, according to claim 15, comprising:
an impregnated-type cathode substrate according to
one of claims 1 to 7;
25 a support cylinder for supporting the impregnated-
type cathode substrate;

a heater included in the support cylinder and



FIG 24 is a nodel view showi ng a cross-sect |“mm ﬂm ructure of the
cat hode substrate. As shown in Fl G| ”u ”uuhﬁﬂuubstrate 213

t hus obt ai ned had a two-layered strucdtufe tonsi sting of a |arge
particle di aneter | ow porosity layer 211 and a small particle

di aneter high porosity layer 212, wherein ¢he small 15 particle

di aneter high porosity |ayer 212 was a porous | ayer contai ni ng
tungsten particles 214 and copper particles 215. By
heati ng the cathode substrate 213 in the sane manner as in the

enbodi nent 7, coRfdadRA tiflHs idh10ing myesLi 4B/ ted and the surface of
the small particle di aneter high porosity |ayer 212 was covered

with copper ,11 husad id lddgrdhagyroras fusnith 1 Y nsnol ddi 8P Perelectron

FIG 25 is a nodel view showi ng a cross-sectional structure of a
cat hode substr atqur rpadit idedariclpaird | Giffre@ated-tvype dathede vaddenopper .
As shown in FIG 25, the smal | particle dianmeter high porosity

| ayer 222 of theaccording toatdicdien siibstrate 223 had a structure in which
por e 84 portions

bet ween tsungst en park§ cl &n Hleglran fgun eassembly wheyein rghe il eopprr 225,
The cat hode substrate 223 thus obtained was cut in t he sanme manner
as in the enmbodidEntisy used funtd iGRthode ray pkR®ssing was carried out to

renove copper conponents.
PP P 19. An electron gun assembly used for a cathode

ray tube, according to claim 18, comprising:
an impregnated-type cathode assembly according to
10 claim 13;

a plurality of grid electrodes coaxially provided
in an electron emission surface side of the
impregnated-type cathode assembly;

an electron gun having a convergence electrode

15 coaxially provided in front of the plurality of grid
electrodes; and

a resistor as a voltage divider connected to the
electron gun.

20. An electron gun assembly according to
20 claim 17, wherein the electron gun is used for
a klystron tube.

21. An electron assembly used for a klystron tube,
according to claim 20, comprising:

an impregnated-type cathode assembly according to

25 claim 15;
a cathode portion incorporating the impregnated-

type cathode assembly; and



Deterioration in the shape of the surface due to cutting and
tunbling was not found in the surface of the small particle

di aneter high porosity |ayer after copper was renoved, and the
surface condition was 10 excellent. In addition, bloc of the pore
portions of the small particle di ter high porosnmigﬂ&mmmmm
not found. Subsequently, an el ectron em ssion M
applied and nelted onto the surface of the small 15 particle di ameter
hi gh porosity layer, in the sane manner as in the enbodi nent 7, and
thus, the substance an anodeC®dMacniddasiientlly gwivietbansh itay egnated into
t he cat hode substrate. According to the eighth

enbodi nent, cut bilagtadth edlssion WHHfare Tfepherignprgymamest-yypsi ng t he
met hod of the present invention, so that an excellent | npregnated-
type cat hode carnaldodet aissethbdyt.hout naki ng danmages on the el ectron
em ssi on surface. The i npregnat ed-type cat hode substrate or
the 25 i npr egnafed- Aype leatthode tadse Msimpnis inyg tdre aidsh e

was used for electron tubes, such as a cathode ray tube, a klystron
tube, a tiavel i agomaddngube, ocagdof claims 12 to 16.

85 a gyrotron, e.gl., t he cathode ray tube shown in FIG 3,
23. An electron tube according to claim 22,

*

wherein electron tube is used for a cathode ray tube.
24. An electron tube used for a cathode ray tube,
according to claim 23, comprising:
10 a vacuum outer envelope having a face portion;
a fluorescent layer provided on an inner surface
of the face portion;
an electron gun assembly according to claim 18,
provided at a position opposite to the face portion of
15 the vacuum outer envelope; and
a shadow mask provided between the fluorescent
layer and the electron gun assembly.
25. An electron tube according claim 22, wherein
the electron tube is used for a klystron tube.
20 26. An electron tube used for a klystron tube,
according to claim 25, comprising:
an electron gun assembly according to claim 21;
a high frequency acting portion and a collector
portion where a plurality of resonance cavities
25 arranged coaxially in an electron-emission surface side
of the electron gun assembly are connected by a drift

tube; and



t he klystron tube shown in FIG 4, the traveling-wave t ube shown

in FIG 5, and the gyrotron shown in FIG 6. Then, various

el ect tained which 5 attains a high perfornmance

abi | | m’mmnmwme"lme time and whi ch have a sufficient

i on-i npact rtesivst ance and an exce%&ent el ectron em ssion
characteristic, under condition of a high voltage and a high
frequency. Note that the inpregnated-type cathode substrate of the
10 present invention is not limted to the enbodi nents as

ggSCribed above, but dmmaéﬁétiéxkféldcq_ rd@étO@év1ce prOVLQEQCEﬁon t ubes.
An

i npregnat ed- t ypearc adutasie cishsinifdential porﬁﬂ@mr¢§lﬂﬂeahi@hgﬁrQQﬁéhébe_
di aneter | ow porosity region and a small particle dianeter high
porosity 5 agEiiopadtiicdnis provided in a side of an el ectron

em ssion surface of the large particle dianeter |ow porosity

regi on and has an awtageip@tectizonlitialee egccording tgnmlaém ERan an
average particle dianmeter of the large particle dianeter |ow

por osi t y5regi on GARPELSIDSi ty 10 hi gher than a porosity of the large
particle dianeter | ow porosity region, said_inpregnated-type

cat hode bei ! SRV Wi S HUAE BT RFVRL &M sei bR 5BBst ance.

2. An |npregnated F?gg%é¥34“¥¥§é“¥§¥ﬁéﬁe assembly according to
claim 12;

a slow-wave circuit provided coaxially in

10 an electron emission surface side of the impregnated-

type cathodé body, for amplifying a signal; and

a collector portion for capturing an electron
beam, wherein

the electron tube is used for a traveling wave

15 tube.

28. An electron tube according to claim 22,
comprising:

an electron gun assembly using an impregnated-type
cathode assembly according to claim 12;

20 a tapered electron beam compressing portion which
is provided in an electron emission surface side of the
impregnated-type cathode assembly and whose diameter
gradually decreases;

a cavity resonance portion arranged to be

25 continuous to the tapered electron beam compressing

portion;

a tapered electro-magnetic waveguide portion which



according to claim1l1, wherein the large particle 15 di aneter | ow
porosity region has an avera i dianeter of 2 to 10 [err]m

e particle
and a porosity of 1 luﬂlﬁmﬂ ”(”i M!IL] 3. An inpregnated-type cathode
substrate rardin I 1, wherein the small particle
diameter high porosity region has an average particle 20 di anet er of
0.1 to 2.0 [err]lmand a porosity of 25 to 40% 4. An
i npregnat ed-type cat hode substrate according to claim1, wherein
the small particle di aneter high porosity region has a thickness of
30 [err]m is Grt£%§ed €5 be continudus ﬁﬁlim@r@@ﬁﬂtfdréyﬁﬁaﬁééhOdg
substrate according to claiml, wherein the small particle
di anmeter hi gh pgrastign ragd orhose pd tamelsslc | grwdud Y1 princreases;
87 scattered in the electron em ssion surface side of
the large particle diamtklediow rosicy fegiorpturing an electBonAn
i npregnat ed-type cat hode substrate according to claiml1, wherein
t he inpregnat ed-Rgase; amd cat hode substrate has an average particle
di anet er and a porosjty which change in steps fromthe |arge
particle5di ameter | ov? pRRIREEIF riekt bh I9rertepeigvice providrd i3kl e
di aneter high porosity region. 7. An_inpregnated-type cathode

substrat e an outer circumferential portion of the cavity
resonance portion, wherein

the electron tube is used for a gyrotron tube.



10 according to one of clains 1 to 3, wherein a |ayer

i ncluding at | east one kind of netal selected from - a group of
iridium osmum rhenium ruthenium rhodi um and scandiumis
formed on the electron em ssion surface. 15 8. A

met hod of manufacturing an inpregnated-typg6 cat hode substrate
according to claiml1, conprising the steps of:

form ng a porous sintered body to forma | arge particle dianeter

| ow porosity region; 20 obtai ning a porous cat hode pell et by
form ng a smal|l particle di agegeg Ri ghapprasity region in

an el ectron em ssion surface side of the porous sintered body, $aid
smal | particle di anetehehédls provide®OARSihyré H&Qde{;}gi}@gcQEh Mgr age
particle dianmeter 25 smaller than that of the |arge particle dianeter
| ow por osubyt r &tk ool $i NG 8S1a¥gdi gLt i & Danal BRePOEOSbLY

of the large particle dianmeter | ow porosity region;

88 poxes i tygreyipuneid ny $hel poparisi aBshei anéber ehygho

forma porous cathode substrate; and i npregnating the porous
cat hode $ubstratRO¥@sity regionapvhitlecis gprevidsdoinsabsidacef 5

9. A nmethod according to claim8, wherein the smal | particle

di amet er hi gh pot®<FISCHER pmissieon npgrface of the large particle

diameter low porosity region and has an average
particle diameter smaller than an average particle
diameter of the large particle diameter low pore

10 region and a porosity higher than a porosity of the
large particle diameter low porosity region, the
impregnated-type cathode being impregnated with

an electron emission substance.



by a nethod sel ected anong a printing nethod, a spin- coating

nmet hod, a sprayi ng nethod, an el ectrocoating nmet hod, and an el ution
nmet hod. 10 10. A nethod of manufacturing an inpregnated-type
cat hode substrate according to claim1, conprising the steps of:
form ng a porous sintered body to forma | arge particle diameter
| ow porosity region; 15 obt ai jifgy a porous cathode pel | et by
form ng a small particle diameter high porosity region in
an el ectron em ssion surface srde ofGBpe por ous |ntered body,
sai d smal | part IeG&ﬁa ﬂgg bporaé ty regi n ha
aver age particl ﬁ g GcsnaII§§ bhat of #he Ia p rtlcle
di anet er :ﬁ ‘oro Lty reélon and/a DOfOLItV higher than t of the
| ar ge partr 2 pr—per-edi--y—egiton A E
filler select¥gd &7 hetilc
resi n having ‘ A By ESST [ N the
el ectron — il d¢ pf p s|cat hode] pel l'et;
heating the p&Fo pvilded Wi C J
89 e atiyr e ich ¢ fillerfcan be
mel t ed; == — — / 1
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cutting or punching the porous sintered body into a predeterm ned

size, to forma porous cathode 5 substrat e; subj ecti ng
t he porous cathode substrate to tunbl i ng processing, thereby to
renove burrs and cont am nat i ons; renoving the filler
fromthe porous cathode 10 substrate subjected to the tunbling
processi ng; and i rrpregnat?yg t he porous cathode substrate
from which the filler has been Tenoved, with an el ectron

em ssi on substance. 11. A nethod of manufacturing an

| npregnated-type 15 cat hode substrate according to claim1, conprising
t he steps of: formng a sintered body made of high
mel ti ng point netal to forma large parti cleg—eh er |ow porosity
region; 20 preparing paste contai ni ngs SN g point

¥ml | er than that
d at | east one

nmet al powder having an average particle dianetg
of the large particle dianeter |ow poy)
kind of filler sel ected froma group
25 having a nelting point of 1200[err]C
the paste to an el ectron enission surface ;!
sintered body nade of high nelting
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90 point netal to formthe large particle dianmeter |ow

porosity region,; heating the porous sintered body nade of high
melting point nmetal of the large particle dianeter 5 | ow porosity
region applied with the paste, to a tenperature at which the filler
can be nelted, such that a small particle dianmeter high porosity
regi on havi ng an aver age particl$ 9ianeter smal | er than that

of the large particle dianeter Iom/poros'{ region and 10 a porosity
hi gher than that of the large particle di aneter | ow porosity region
is formed, thereby to obtain a porous cathode pellet;

cutting or punching the porous sintered body into a predeterm ned
size, to forma porous cathode 15 substrat e; subj ecti ng

t he porous cathode substrate to tunbl i ng processing, to renove
burrs and {Z contagi ations; {7? renovi the jkzl l er fromthe
porous cat hode 0 bstrate subjegted to ?%e tu ng pr;ocessi ng; and
i npregnating the pprous @éathode substrgte mﬁtd ~3N €l gctron enission
subst ance. ~ \\\wl_‘?;“? An i npregndted-typg ca mf‘!f_r_- bl y_incl udi ng

an i npregnatied-t ype Jcaithgde” sdb8tratr e’ agcoraiNng’ Lo 0 2 0 angs 1
to 7. 13. Ang ) t nbly accordi ny
to claim12, ere!g Lﬁ?%é%%%%%%g > ¥ N\
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91 assenbly is used for a cathode ray tube. 14. An

substrate according to

| npr egnat ed-type cat hode assenbly used for a cat hode ray tube,
according to claim 13, conprising: a cylindrical cathode

sl eeve; 5 an i npregnat ed-type cathode substrate fixing

menber fixed to an inner surface of an end portion of t he cat hode
sl eeve; an i npregnat ed-type hode substrate according to
one of clainms 1 to 7, fixed to the inpregnated-type 10 cat hode
substrate fixi ng nmenber; a cylindrical holder provided
coaxially outside so as to surround the cathode sl eeve; and

a plurality of straps each having an end portion fixed to the
out si de of the cathode sl eeve and another 15 end portion fixed to the
i nside of the cylindrical hotder—pand—a heater—proAi i nsi de the
cat hode sl eeve. 15. An\i npregnated-t cat hode
assenbly according ' rein the j at ed-type

cat hode 20 assenbly ijs used for a kly 16. An

| npregnat ed-type cat hode esseqbly used for on tube,
according to claim15, corprij.ng r teﬂytype cat hode

1one of cl ai




25 a support cylinder for supporting the inpregnated- type

cat hode substrat e; a heater included in the support cylinder
and 92 enbedded in an
i nsulating material . 17. An el ectron gun assenbly including an
el ectron gun provided wth an inpregnated-type cathode assenbly
according to claiml1l2. 5 18. sgq%electron gun assenbly wherein
the el ectron gun is used for a cathode ray tube. 19.
An el ectron gun assenbly used for a cat hode ray tube, according to
claim 18, conprising: an i npregnat ed-type cathode assenbly
according to 10 claim13; a plurality of grid el ectrodes
coaxially provided jooln an elfftron em ssion _surface side of the

| npr egnat ed-type caphode assenbly; an—el ectron gun having a
convergence el ectrogfe coaxi al prOV|ded’|n front of the plurality
of grid el e%rodes and ?{ resistor as a voltage

di vi der connected tésthe 90L ectrqg gun 20. An el ectron

gun assenbly accordfh g\to 20

claipt17, wherein the electron gun is
used for
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a klystron tube. 21. An el ectron assenbly used for a klystron

t ube, according to claim 20, conprising: an

| npregnat ed-type cat hode assenbly according to 25 cl ai m 15;

a cathode portion incorporating the inpregnated- t ype cat hode
assenbly; and 93 _ an
anode portion coaxially provided on the6 9 el ectron em ssion surface
of the inpregnated-type cat hode A%senbly. 22. An

el ectron tube conprising an assenbly 5 according to one of clains 12
to 16. 23. An electron tube according to claim 22,

wherein electron tube is used for a cathode ray tube. 24. An
el ectron tube used for a cathode ray tube, according to claim 23,
conprising: 10 a vacudém outer gpvel ope having a face portion

a fluorescent |ayer provided on (an inner {(surface of the face
portion; ’ ‘ 0 AS J& N ‘ 18,

provi ded at a pqQ a0t <A NG </ e vacuum

out er envel ope;
fl uorescent
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25. An el ectron tube according claim22, wherein the el ectron tube

Is used for a klystron tube. 20 26. An electron tube used for a
kl ystron tube, according to claim?25, conprising: an
el ectron gun assenbly according to claim21; a high frequency
acting portion and a collector portion where a plurality of
resonance cavities 25 arranged coaxifgl9y in an el ectron emni ssion
surface side of the electron gun assenbly are connected by a drift
tube; and 94 a nmagnet.i Leld generator—deyice
provided in 28 — BR AU ZA I OF Ry e 7 POTA 70 VoA N R

frequency A Ng-PRLLi O —— %A 61 €
accor di ng togg at ‘//""’%{(ﬁ""gﬁ:‘g@ﬁ%{@:{.""fl ‘*ﬁrg’aﬂh} n gun
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15 t ube.
conpri si ng:
i mpr egnat ed-type

28. An electron tube according to claim 22,
an el ectron gun assenbly using an

cat hode assenbly according to claim 12;
a tapered el ectron beam conpressing portion which

an el ectron em ssion surface side of the
assenbly and whose di aneter
cavity resonance portion arranged to be

portion;

el ectron beam conpressi ng

95
portion and wholse
portion for cap ur
field generator d
of the cavi 433
tube is used fo

el ectro-magnetic maveQU|de portlon whi ch
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is provided in
| npregnat ed-type cat hode

|1y decreases; a
continuous to the tapered
a tapered
to the cavity an?:%o
es; a collector
am and 5 f{a nagnetic
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