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Oxide  cathode  for  electron  tube. 

©  In  an  oxide  cathode  comprising  a  metal  base,  an 
electron  emissive  material  layer  containing  at  least 
Ba  formed  on  the  metal  base,  and  a  means  for 
heating  the  electron  emissive  material  layer,  the 
electron  emissive  material  layer  further  comprises  at 
least  one  of  a  lanthanum  oxide  and  a  terbium  oxide, 
and  forms  a  needle-shaped  crystal  structure,  or  the 
electron  emissive  material  layer  further  comprises  at 
least  one  of  a  lanthanum  oxide  and  a  terbium  oxide, 
and  the  metal  base  is  subject  to  a  heat  treatment 
under  vacuum.  The  oxide  cathode  has  an  effect  on 
lengthening  the  lifetime,  and  has  a  manufacturing 
procedure  interchangeable  with  a  conventional  one. 
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Background  of  the  Invention 

The  present  invention  relates  to  an  oxide  cath- 
ode  for  an  electron  tube  such  as  a  cathode  ray 
tube  or  image  pickup  tube,  and  more  particularly, 
to  a  novel  oxide  cathode  for  an  electron  tube 
having  a  long  lifetime. 

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

FIG.1  is  a  schematic  sectional  view  illustrating 
a  structure  of  a  conventional  oxide  cathode.  A 
conventional  oxide  cathode  comprises  a  disk- 
shaped  metal  base  2,  a  cylindrical  sleeve  3  sup- 
porting  the  metal  base  2,  a  heater  4  for  heating  the 
cathode,  and  an  electron  emissive  material  layer  1 
which  is  formed  on  the  metal  base  2  and  is  made 
of  an  alkaline  earth  metal  oxide  as  a  main  compo- 
nent.  Such  a  conventional  oxide  cathode  is  manu- 
factured  by  closing  up  one  end  of  the  cylindrical 
sleeve  3  with  the  metal  base  2,  inserting  the  heater 
4  in  the  sleeve  3,  and  forming  the  electron  emis- 
sive  material  layer  1  which  is  made  of  a  mixture  of 
at  least  two  alkaline  earth  metal  oxides  on  the 
surface  of  the  base  metal  2. 

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

The  sleeve  3,  which  supports  the  metal  base  2 
and  has  a  heater  4  therein,  is  typically  made  of  a 
refractory  metal,  such  as  molybdenum  (Mo),  tan- 
talum  (Ta),  tungsten  (W)  or  stainless  steel. 

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

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

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

BaCO3  —  BaO  +  CO2  t 
5 

Then,  the  alkaline  earth  metal  oxide  is  partially 
reduced  at  a  high  temperature  of  900  to  1000°C, 
so  that  it  is  activated  to  have  semiconductive  prop- 
erties.  In  this  activation  process,  the  reducing  ele- 

w  ment,  such  as  Si  or  Mg,  contained  in  the  metal 
base  2  diffuses  to  move  toward  the  interface  be- 
tween  the  electron  emissive  material  layer  1  com- 
posed  of  the  alkaline  earth  metal  oxide  and  the 
metal  base  2,  and  then  reacts  with  the  alkaline 

75  earth  metal  oxide.  For  example,  barium  oxide  is 
reduced  by  the  reducing  element  to  give  free  bari- 
um. 

MgO  +  Ba  t 
Ba2SiO+  +  2Ba  t 

BaO  +  Mg 
4BaO  +  Si 20 

The  free  barium  derived  from  BaO  becomes  a 
semiconductor  of  an  oxygen  vacancy  type.  Con- 
sequently,  an  emission  current  of  0.5  to  0.8A/cm2  is 

25  obtained  under  the  normal  condition  at  an  opera- 
tion  temperature  of  700  to  800  °  C. 

Generally,  an  oxide  cathode  operates  at  high 
temperature  over  750  °C,  so  free  Ba,  Sr  or  Ca 
vaporizes  due  to  the  high  vapor  pressure  and  an 

30  electron  emissive  surface  reduces  while  operating. 
In  addition,  as  a  result  of  a  reduction  of  the  alkaline 
earth  metal  oxide,  an  intermediate  layer  of  an  ox- 
ide,  such  as  MgO  or  Ba2SiO4,  is  formed  in  the 
interface  region  between  the  electron  emissive  ma- 

35  terial  layer  and  the  metal  base  and  serves  as  a 
barrier.  The  barrier  so  formed  prevents  the  reduc- 
ing  element  Mg  or  Si  from  diffusing  into  the  elec- 
tron  emissive  layer,  so  that  a  sufficient  amount  of  a 
free  Ba  cannot  be  generated  and  the  vaporized  Ba, 

40  Sr  or  Ca  is  hard  to  be  refilled.  Further,  electron 
emissive  current  is  also  limited  by  a  high  resis- 
tance  of  the  intermediate  layer.  Therefore,  the  in- 
termediate  layer  contributes  to  the  shortening  of 
the  cathode  lifetime  and  other  undesirable  results. 

45  On  the  other  hand,  an  excessive  supply  of  the 
reducing  element  results  in  excessive  reduction  of 
BaO,  so  that  stable  emission  cannot  be  achieved. 

As  described  above,  a  conventional  oxide  cath- 
ode  has  disadvantages  in  that  its  operation  tem- 

50  perature  becomes  higher  during  use,  so  the  emis- 
sion  efficiency  decreases  to  about  75%  of  initial 
characteristic,  and  the  exhaustion  of  electron  emis- 
sive  material  shortens  its  lifetime. 

Recent  progress  toward  the  enlargement  and 
55  high  qualification  of  the  picture  tube  requires  a  high 

luminance  and  fineness  of  the  tube.  Accordingly,  a 
cathode  of  an  electron  gun  needs  to  give  an  elec- 
tron  emission  of  a  high  current  density  and  have  a 
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long  lifetime.  However,  a  conventional  oxide  cath- 
ode  has  a  short  lifetime  in  general,  so  it  cannot 
satisfy  such  requirements. 

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

In  Japanese  Patent  Laid-open  Publication  No. 
sho  59-20941,  lanthanum  is  dispersed  in  a  metal 
base  in  the  form  of  LaNi5  and  La2O3,  so  that  the 
strength  of  the  metal  base  is  not  weakened  and  the 
reducing  agent  therein  is  not  exhausted.  British 
Patent  No.  1592502  discloses  an  electron  emissive 
material  for  a  discharge  lamp  in  which  BeO  and 
Y2O3  are  added  to  Ba2-X  SrxCaWOG  (where  x  is 
from  0.0  to  0.5). 

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

The  above-mentioned  cathodes,  however,  do 
not  make  a  considerable  improvement  in  the  short 
lifetime  of  an  oxide  cathode.  Further,  the  manufac- 
turing  processes  of  the  above  cathode  is  not  al- 
ways  interchangeable  with  those  of  the  typical  ox- 
ide  cathode.  Especially,  changing  the  activation 
process  of  the  cathode  is  required.  For  example,  in 
the  above  US  patent  (No.  4,797,593),  the  rare  earth 
metal  oxide  needs  to  be  subjected  to  a  heat  treat- 
ment  at  a  high  temperature  in  a  reducing  atmo- 
sphere  before  mixing  with  an  alkaline  earth  metal 
oxide. 

Summary  of  the  Invention 

An  object  of  the  present  invention  considering 
the  above-mentioned  problems  of  the  conventional 
oxide  cathodes  is  to  provide  an  oxide  cathode  in 
which  a  stable  electron  emissive  characteristic  is 
maintained  for  a  longer  time  by  suppressing  an 
excessive  Ba  vaporization,  so  that  the  lifetime  has 
been  greatly  improved,  and  the  manufacturing  pro- 
cess  is  interchangeable  with  a  conventional  one. 

To  accomplish  the  object,  there  is  provided  an 
oxide  cathode  according  to  an  embodiment  of  the 
present  invention,  comprising: 

a  metal  base; 
an  electron  emissive  material  layer  containing 

at  least  Ba  formed  on  the  metal  base;  and 
means  for  heating  the  electron  emissive  ma- 

terial  layer, 
characterized  in  that  the  electron  emissive  ma- 

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

5  needle-shaped  crystal  structure. 
To  accomplish  the  object,  there  is  also  pro- 

vided  an  oxide  cathode  according  to  another  em- 
bodiment  of  the  present  invention,  comprising: 

a  metal  base; 
10  an  electron  emissive  material  layer  containing 

at  least  Ba  formed  on  the  metal  base;  and 
means  for  heating  the  electron  emissive  ma- 

terial  layer, 
characterized  in  that  the  electron  emissive  ma- 

75  terial  layer  further  comprises  at  least  one  of  a 
lanthanum  oxide  and  a  terbium  oxide,  and  that  the 
metal  base  is  subject  to  heat  treatment  under  a 
vacuum. 

The  amount  of  the  lanthanum  oxide  or  the 
20  terbium  oxide  contained  in  the  electron  emissive 

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

In  addition,  the  oxide  cathode  according  to 
25  another  embodiment  of  the  present  invention,  a 

metal  base  is  preferred  to  be  subjected  to  a  heat 
treatment  at  the  temperature  over  900  °  C,  under  a 
vacuum  of  over  10~Gtorr. 

30  Brief  Description  of  the  Drawings 

The  above  objects  and  other  advantages  of  the 
present  invention  will  become  more  apparent  by 
describing  in  detail  a  preferred  embodiment  thereof 

35  with  reference  to  the  attached  drawings  in  which: 
FIG.1  is  a  schematic  sectional  view  illustrating  a 
conventional  oxide  cathode; 
FIG.2  is  an  enlarged  schematic  view  illustrating 
an  electron  emissive  material  layer  of  an  oxide 

40  cathode  according  to  an  embodiment  of  the 
present  invention; 
FIG.3  is  a  graph  showing  MIK  change  with  re- 
spect  to  the  time  passage  of  an  oxide  cathode 
according  to  an  embodiment  of  the  present  in- 

45  vention  (a)  and  a  conventional  oxide  cathode 
(b);  and 
FIG.4  is  a  graph  showing  MIK  change  with  re- 
spect  to  the  time  passage  of  an  oxide  cathode 
according  to  another  embodiment  of  the  present 

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

Detailed  Description  of  the  Invention 

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

Lanthanum  oxide  and/or  terbium  oxide  added 
to  the  electron  emissive  materials  containing  at 
least  Ba  forms  a  stable  BaO  in  the  electron  emis- 
sive  material  layer  after  an  aging  process,  so  that 
the  cathode  has  a  stable  electron  emission  char- 
acteristic. 

In  addition  to  the  stable  electron  emission  char- 
acteristic  due  to  the  stable  BaO,  an  adequate  sup- 
ply  of  a  reducing  metal  has  been  considered  in 
order  to  lengthen  the  lifetime  of  an  oxide  cathode. 
Such  an  adequate  supply  of  a  reducing  metal  may 
be  achieved  according  to  the  following  two  meth- 
ods.  The  first  is  to  form  a  needle-shaped  crystal 
structure  of  the  electron  emissive  material  layer, 
and  the  second  is  a  heat  treatment  of  the  metal 
base.  If  an  electron  emissive  material  layer  forms  a 
needle-shape  crystal,  a  reducing  metal  may  diffuse 
at  an  adequate  speed,  so  that  a  current  density 
may  be  kept  up  with  an  enhanced  value  for  a  long 
time.  Alternatively,  if  a  metal  base  containing  a 
reducing  metal  is  subject  to  the  heat  treatment 
under  vacuum,  the  excessive  supply  of  the  reduc- 
ing  metal  may  be  prevented,  so  that  stable  BaO 
produced  by  the  lanthanum  oxide  and/or  terbium 
oxide  may  keep  its  stable  condition  over  a  long 
period  of  time.  In  this  manner,  an  electron  emission 
may  be  stabilized  for  a  long  time  and  the  lifetime 
of  the  oxide  cathode  may  be  increased. 

In  the  present  invention,  as  an  electron  emis- 
sive  material  may  be  used  a  triple  carbonate,  such 
as  (Ba,Sr,Ca)CO3,  or  a  double  carbonate,  such  as 
(Ba,Sr)CO3.  In  order  to  add  lanthanum  oxide  or 
terbium  oxide  to  an  electron  emissive  material,  any 
lanthanum  compound  or  terbium  compound  which 
can  be  converted  to  oxide  by  heating  may  be  used 
as  well  as  lanthanum  oxide  or  terbium  oxide  itself. 

The  amount  of  lanthanum  oxide  or  terbium 
oxide  contained  in  an  electron  emissive  material  is 
preferred  to  be  in  the  range  of  0.0001%  to  5%  by 
weight,  based  on  the  total  amount  of  the  electron 
emissive  material.  Lanthanum  oxide  or  terbium  ox- 
ide  of  less  than  0.0001  %  by  weight  cannot  achieve 
the  effect  of  forming  the  stable  BaO,  and  so  does 
not  lengthen  the  lifetime.  On  the  other  hand,  lan- 
thanum  oxide  or  terbium  oxide  of  more  than  5%  by 
weight  may  aggravate  the  already  poor  condition  of 
the  initial  emission  characteristic  and  thus  decrease 
the  effect  of  lengthening  the  lifetime. 

Lanthanum  oxide  or  terbium  oxide,  or  both  is 
contained  in,  for  example,  a  co-precipitated  triple 
carbonate  of  (Ba,Sr,Ca)CO3  as  an  electron  emis- 
sive  material.  The  co-precipitated  triple  carbonate 

is  conventionally  manufactured  by  dissolving  ni- 
trates  such  as  Ba(NO3)2,  Sr(NO3)2  or  Ca(NO3)2  in 
pure  water,  and  adding  Na2CO3  or  (Nm)2CO3  as  a 
precipitant  to  the  nitrate  solution  to  co-precipitate 

5  as  a  carbonate  of  Ba,  Sr  and  Ca.  At  this  manufac- 
turing  process,  in  accordance  with  such  factors  as 
the  concentration  of  nitrates,  the  pH  value,  the 
solution  temperature  at  precipitation  or  the  precipi- 
tation  speed,  the  obtained  carbonate  crystal  struc- 

w  tures  vary.  According  to  an  embodiment  of  the 
present  invention,  the  above  factors  should  be  con- 
trolled  to  form  a  needle-shaped  crystal  structure. 
To  the  co-precipitated  triple  carbonate  electron  em- 
issive  material  of  a  needle-shaped  crystal,  lan- 

75  thanum  oxide  and/or  terbium  oxide,  or  lanthanum 
compound  and/or  terbium  compound  which  may 
be  converted  to  oxide  by  heating  is  added  to 
create  a  suspension.  The  suspension  may  be  ap- 
plied  onto  a  metal  base  by  means  of  dipping, 

20  spraying  or  sputtering  to  give  an  oxide  cathode 
according  to  one  embodiment  of  the  present  inven- 
tion. 

In  an  oxide  cathode  according  to  another  em- 
bodiment  of  the  present  invention,  a  metal  base  is 

25  preferred  to  be  subjected  to  heat  treatment  at  a 
temperature  over  900  °C,  under  a  vacuum  of  over 
10~Gtorr.  Also,  lanthanum  oxide  and/or  terbium  ox- 
ide  is  contained  in,  for  example,  a  co-precipitated 
triple  carbonate  of  (Ba,Sr,Ca)CO3  as  an  electron 

30  emissive  material. 
The  oxide  cathode  of  the  present  invention  is 

inserted  and  fixed  in  an  electron  gun,  and  a  heater 
is  inserted  and  fixed  in  a  sleeve.  After  the  electron 
gun  is  sealed  into  a  bulb  for  an  electron  tube,  the 

35  carbonate  of  the  electron  emissive  material  layer  is 
decomposed  to  the  oxide  by  the  heater  during  an 
evacuating  process.  Thereafter,  an  activation  pro- 
cess  is  carried  out  by  a  conventional  manufacturing 
process  for  an  electron  tube. 

40  The  present  invention  will  be  described  in  de- 
tail  by  way  of  the  following  examples  which  are 
merely  representative  and  illustrative  of  the  present 
invention  and  are  in  no  way  to  be  considered  as 
limiting  the  invention  to  the  specific  examples. 

45 
(Example  1) 

To  the  solution  of  a  mixture  of  Ba(NO3)2,  Sr- 
(NO3)2  and  Ca(NO3)2,  in  which  the  ratio  of 

50  Ba:Sr:Ca  was  50:40:10,  ammonium  carbonate  was 
added  to  form  a  co-precipitated  carbonate  of  Ba,  Sr 
and  Ca.  At  this  time,  in  order  to  form  a  co- 
precipitated  triple  carbonate  of  a  needle-shaped 
crystal  structure,  the  reaction  condition  was  con- 

55  trolled  as  follows:  the  concentration  of  the  triple 
nitrates  was  above  0.6M;  pH  was  controlled  to  be 
above  8  with  ammonium  hydroxide;  and,  when 
(Nm)2CO3  was  used  as  a  precipitant,  the  tempera- 
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ture  of  the  nitrate  solution  was  above  60  °C,  and 
the  solution  of  precipitant  was  dropped  at  the 
speed  of  30ml  per  minute.  To  the  co-precipitated 
triple  carbonate  of  a  needle-shaped  crystal  struc- 
ture,  La2O3  was  added  in  the  amount  of  1%  by 
weight  of  the  electron  emissive  material  calculated 
as  oxide.  Further,  a  nitrocellulose  and  an  organic 
solvent  were  dispersed  to  make  a  suspension  of 
the  electron  emissive  material. 

A  Ni-metal  base  containing  Si  and  Mg  was 
washed.  Then,  the  above  manufactured  suspension 
of  the  electron  emissive  material  was  spray-coated 
on  the  base,  dried  to  obtain  an  oxide  cathode 
according  to  an  embodiment  of  the  present  inven- 
tion. 

(Example  2) 

The  same  procedure  as  in  Example  1  was 
repeated,  except  that  Tb+07  was  added  to  the  co- 
precipitated  triple  carbonate  solution  in  the  amount 
of  5%  by  weight  of  the  electron  emissive  material 
calculated  as  oxide,  to  obtain  an  oxide  cathode 
according  to  an  embodiment  of  the  present  inven- 
tion. 

(Example  3) 

The  same  procedure  as  in  Example  1  was 
repeated,  except  that  La2O3  was  added  to  the  co- 
precipitated  triple  carbonate  solution  in  the  amount 
of  0.0001%  by  weight  of  the  electron  emissive 
material  calculated  as  oxide,  to  obtain  an  oxide 
cathode  according  to  an  embodiment  of  the 
present  invention. 

(Example  4) 

The  same  procedure  as  in  Example  1  was 
repeated,  except  that  Tb+07  was  added  to  the  co- 
precipitated  triple  carbonate  solution  in  the  amount 
of  0.001%  by  weight  of  the  electron  emissive  ma- 
terial  calculated  as  oxide,  to  obtain  an  oxide  cath- 
ode  according  to  an  embodiment  of  the  present 
invention. 

(Example  5) 

The  same  procedure  as  in  Example  1  was 
repeated,  except  that  the  mixture  of  La2O3  and 
TUO7  was  added  to  the  co-precipitated  triple  car- 
bonate  solution  in  the  amount  of  0.01%  by  weight 
of  the  electron  emissive  material  calculated  as  ox- 
ide,  to  obtain  an  oxide  cathode  according  to  an 
embodiment  of  the  present  invention. 

(Example  6) 

A  Ni-metal  base  containing  Si  and  Mg  was 
subjected  to  heat  treatment  at  1000°C,  under  a 

5  vacuum  of  over  10~Gtorr. 
To  an  electron  emissive  material  of  a  co- 

precipitated  triple  carbonate,  La2O3  was  added  in 
the  amount  of  1  %  by  weight  of  the  electron  emis- 
sive  material  calculated  as  oxide.  Further,  a  ni- 

10  trocellulose  and  an  organic  solvent  were  dispersed 
to  make  a  suspension  of  an  electron  emissive 
material. 

The  above  suspension  was  spray-coated  on 
the  heat-treated  metal  base,  and  dried  to  obtain  an 

75  oxide  cathode  according  to  another  embodiment  of 
the  present  invention. 

(Example  7) 

20  The  same  procedure  as  in  Example  6  was 
repeated,  except  that  La2O3  was  added  to  the  co- 
precipitated  triple  carbonate  solution  in  the  amount 
of  0.0001%  by  weight  of  the  electron  emissive 
material  calculated  as  oxide,  to  obtain  an  oxide 

25  cathode  according  to  another  embodiment  of  the 
present  invention. 

(Example  8) 

30  The  same  procedure  as  in  Example  6  was 
repeated,  except  that  La2O3was  added  to  the  co- 
precipitated  triple  carbonate  solution  in  the  amount 
of  5%  by  weight  of  the  electron  emissive  material 
calculated  as  oxide,  to  obtain  an  oxide  cathode 

35  according  to  another  embodiment  of  the  present 
invention. 

FIG.2  is  an  enlarged  schematic  view  illustrating 
an  electron  emissive  material  layer  of  an  oxide 
cathode  manufactured  according  to  Example  1. 

40  FIG.2  shows  that  the  electron  emissive  material 
manufactured  in  Example  1  forms  a  needle-shaped 
crystal  structure. 

In  order  to  evaluate  the  characteristics  of  the 
oxide  cathode  of  the  present  invention,  the  oxide 

45  cathode  manufactured  according  to  the  above  is 
inserted  and  fixed  in  an  electron  gun,  and  a  heater 
is  inserted  and  fixed  in  a  sleeve.  After  the  electron 
gun  is  sealed  into  a  bulb  for  an  electron  tube,  the 
carbonate  of  the  electron  emissive  material  layer  is 

50  decomposed  to  the  oxide  by  the  heater  during  an 
evacuating  process.  Thereafter,  an  activation  pro- 
cess  is  carried  out  by  a  conventional  manufacturing 
process  for  an  electron  tube,  and  its  electron  emis- 
sive  characteristic  is  measured. 

55  An  initial  electron  emission  characteristic  is 
evaluated  by  MIK  (maximum  cathode  current) 
which  is  the  maximum  current  emitted  by  a  cath- 
ode  under  a  constant  operating  condition.  A  lifetime 
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characteristic  is  evaluated  by  the  amount  of  de- 
crease  in  the  current  when  a  cathode  installed  in 
an  electron  tube  is  operated  continuously  for  a 
ccertain  length  of  time  under  constant  conditions. 
That  is,  it  is  evaluated  in  terms  of  MIK  consistency 
for  a  constant  period. 

FIG.3  is  a  graph  showing  MIK  change  with 
respect  to  the  time  of  the  oxide  cathode  manufac- 
tured  according  to  Example  1  (a)  and  a  conven- 
tional  oxide  cathode  (b).  As  shown  in  FIG.3,  an 
oxide  cathode  according  to  an  embodiment  of  the 
present  invention  has  an  effect  on  lengthening  life- 
time  by  20%  more  than  a  conventional  one.  The 
oxide  cathodes  manufactured  according  to  Exam- 
ples  2  through  5  also  show  that  they  have  equal 
effects  on  the  lifetime. 

FIG.4  is  a  graph  showing  MIK  change  with 
respect  to  the  time  of  an  oxide  cathode  manufac- 
tured  according  to  Example  6  (a)  and  a  conven- 
tional  oxide  cathode  (b).  As  shown  in  FIG.4,  an 
oxide  cathode  according  to  another  embodiment  of 
the  present  invention  has  an  effect  on  lengthening 
lifetime  by  20%  more  than  a  conventional  one.  The 
oxide  cathodes  manufactured  according  to  Exam- 
ples  7  and  8  also  show  that  they  have  equal  effects 
on  the  lifetime. 

As  shown  above,  the  oxide  cathode  according 
to  the  present  invention,  which  is  characterized  in 
that  the  electron  emissive  material  layer  contains  a 
lanthanum  oxide  and/or  a  terbium  oxide  and  forms 
a  needle-shaped  crystal  structure,  or  which  is  char- 
acterized  in  that  the  electron  emissive  material 
layer  contains  a  lanthanum  oxide  and/or  a  terbium 
oxide  and  that  the  metal  base  is  subject  to  a  heat 
treatment  under  vacuum,  has  an  effect  on  length- 
ening  the  lifetime,  and  has  a  manufacturing  proce- 
dure  interchangeable  with  a  conventional  one. 

While  the  present  invention  has  been  particu- 
larly  shown  and  described  with  reference  to  par- 
ticular  embodiments  thereof,  it  will  be  understood 
by  those  skilled  in  the  art  that  various  changes  in 
form  and  details  may  be  effected  therein  without 
departing  from  the  spirit  and  scope  of  the  invention 
as  defined  by  the  appended  claims. 

Claims 

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

3.  An  oxide  cathode  comprising: 
a  metal  base; 
an  electron  emissive  material  layer  con- 

taining  at  least  Ba  formed  on  the  metal  base; 
and 

means  for  heating  the  electron  emissive 
material  layer, 

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

4.  An  oxide  cathode  as  claimed  in  claim  3, 
wherein  the  amount  of  at  least  one  of  a  lan- 
thanum  oxide  and  a  terbium  oxide  is  in  the 
range  of  0.0001%  to  5%  by  weight,  based  on 
the  total  amount  of  the  electron  emissive  ma- 
terial. 

5.  An  oxide  cathode  as  claimed  in  claim  3, 
wherein  the  metal  base  is  subjected  to  heat 
treatment  at  a  temperature  over  900  °  C,  under 
a  vacuum  of  over  10~Gtorr. 
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1.  An  oxide  cathode  comprising: 
a  metal  base; 
an  electron  emissive  material  layer  con-  so 

taining  at  least  Ba  formed  on  the  metal  base; 
and 

means  for  heating  the  electron  emissive 
material  layer, 

characterized  in  that  the  electron  emissive  55 
material  layer  further  comprises  at  least  one  of 
a  lanthanum  oxide  and  a  terbium  oxide,  and 
forms  a  needle-shaped  crystal  structure. 
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