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(54)  Method  for  forming  a  field  emission  cold  cathode 

(57)  The  present  invention  provides  a  method  for 
reshaping  up  a  cone-like  electrode  (3)  which  is  made  of 
a  refractory  metal  containing  silicon.  The  method  com- 
prises  the  following  steps.  A  surface  of  the  cone-like 
electrode  (3)  is  subjected  to  an  oxidation  of  silicon 
which  is  contained  in  the  refractory  metal.  The  oxidation 
is  generated  at  rates  which  increase  toward  a  top  por- 
tion  of  the  cone-like  electrode.  As  a  result,  a  silicon 
oxide  film  (9)  is  formed,  which  coats  the  cone-like  elec- 
trode  (3).  The  silicon  oxide  film  (9)  has  thickness  which 

gradually  increase  toward  a  bottom  portion  of  the  cone- 
like  electrode  (3).  An  interface  between  the  silicon  oxide 
film  (9)  and  the  cone-like  electrode  (3)  has  sloped 
angles  which  increase  toward  the  top  portion.  The  sili- 
con  oxide  film  (9)  is  removed  to  thereby  expose  a 
reshaped  cone  electrode  (3)  which  has  a  sharply 
pointed  top.  The  reshaped  cone  electrode  (3)  has  a  sur- 
face  having  sloped  angles  which  increase  toward  the 
sharply  pointed  top. 
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Description 

The  invention  relates  to  a  method  for  forming  a  field 
emission  cold  cathode,  and  more  particularly  to  a 
method  for  forming  a  cone-shaped  field  emission  cold 
cathode  having  a  top  which  is  sharply  pointed  for 
improvements  of  emission  properties. 

Normally,  a  field  emission  electron  gun  10  has  a 
structure  as  illustrated  in  FIG.  1.  The  field  emission 
electron  gun  10  has  a  plurality  of  cone-shaped  field 
emission  cold  cathodes  12  which  are  formed  on  a  single 
silicon  substrate  1  1  .  Each  the  cone-shaped  field  emis- 
sion  cold  cathodes  12  is  made  of  a  refractory  metal 
such  as  tungsten,  molybdenum,  tantalum  and  niobium. 
An  insulation  film  13  made  of  silicon  oxide  is  formed  on 
the  silicon  substrate  1  1  .  The  insulation  film  1  4  has  a  plu- 
rality  of  cavities  13,  each  of  which  accommodates  each 
of  the  cone-shaped  field  emission  cold  cathodes  12. 
Gate  electrodes  15  made  of  a  refractory  metal  such  as 
tungsten,  molybdenum,  tantalum  and  niobium  are 
formed  on  the  insulation  film  14.  The  gate  electrodes  15 
have  the  same  level  as  the  top  of  each  of  the  cone- 
shaped  field  emission  cold  cathodes  12.  The  gate  elec- 
trode  15  encompasses  and  is  separated  from  the  top 
portion  of  each  the  cone-shaped  field  emission  cold 
cathodes  12. 

A  bias  is  applied  at  a  few  voltages  between  the  gate 
electrode  15  and  the  cone-shaped  field  emission  cold 
cathode  1  2  so  as  to  cause  electron  emission  from  the 
top  of  each  the  cone-shaped  field  emission  cold  cath- 
odes  12  without  heating  the  cathodes  12. 

A  conventional  method  for  forming  a  cone-shaped 
field  emission  cold  cathode  of  Spindt  type  will  be 
described  with  reference  to  FIGS.  2A  through  2E.  As 
illustrated  in  FIG.  2A,  a  silicon  oxide  film  14A  having  a 
thickness  of  1  micrometers  is  formed  on  a  silicon  sub- 
strate  1  1  by  a  chemical  vapor  deposition.  A  gate  layer 
15A  is  deposited  on  the  silicon  oxide  film  14A.  The  gate 
layer  15A  has  a  thickness  of  0.4  micrometers  and  is 
made  of  a  refractory  metal  such  as  tungsten,  molybde- 
num,  tantalum  and  niobium.  A  photo-resist  film  16  is 
applied  on  the  gate  layer  1  5A. 

As  illustrated  in  FIG.  2B,  holes  16a  having  a  diame- 
ter  of  1  micrometer  are  formed  in  the  photo-resist  film  1  6 
at  a  pitch  of  1  0  micrometers.  The  gate  layer  15A  and  the 
silicon  oxide  film  14A  are  selectively  etched  using  the 
photo-resist  film  1  6  to  thereby  form  an  insulator  1  4  hav- 
ing  a  cavity  13  and  a  gate  electrode  15.  The  photo-resist 
film  16  used  is  then  removed. 

As  illustrated  in  FIG.  2C,  the  silicon  substrate  1  1  is 
rotated  in  a  plane  parallel  to  the  surface  of  the  silicon 
substrate  11.  Aluminum  atoms  are  deposited  at  an 
angle  of  approximately  1  5  degrees  to  the  surface  of  the 
silicon  substrate  1  1  to  form  an  aluminum  film  1  7  having 
a  thickness  of  0.15  micrometers.  The  aluminum  film  17 
extends  toward  the  center  of  the  cavity  1  3  to  make  the 
opening  1  5a  of  the  gate  1  5  narrow. 

As  illustrated  in  FIG.  2D,  refractory  metal  atoms 
such  as  tungsten,  molybdenum,  tantalum  and  niobium 

are  deposited  in  a  vertical  direction  to  the  surface  of  the 
silicon  substrate  1  1  whereby  a  refractory  metal  cone  12 
is  formed  in  the  cavity  13  and  further  a  refractory  metal 
layer  18  is  deposited  on  the  aluminum  film  17.  The 

5  refractory  metal  layer  18  has  a  concave  portion  being 
cone-shaped  and  posited  over  the  opening  1  5a. 

As  illustrated  in  FIG.  2E,  the  refractory  metal  layer 
1  8  and  the  aluminum  film  1  7  are  removed  to  expose  the 
gate  electrode  15  on  the  silicon  oxide  film  14  and  the 

10  refractory  metal  cone  12  within  the  cavity  13.  The 
refractory  metal  cone  1  2  serves  as  a  cone-shaped  cath- 
ode. 

According  to  the  above  conventional  method,  the 
cone  12  is  formed  by  the  vertical  deposition  of  refractory 

15  metal  atoms  while  the  aluminum  film  1  7  is  formed  by  the 
deposition  of  aluminum  at  the  oblique  angle.  The  depo- 
sition  at  the  oblique  angle  of  aluminum  on  the  gate  elec- 
trode  1  5  tends  to  cause  a  small  variation  in  the  shape 
and  the  position  of  the  opening  edge  of  the  aluminum 

20  film  17.  The  shape  of  the  cone  12,  however,  depends 
upon  the  shape  and  the  position  of  the  opening  edge  of 
the  aluminum  film  17.  Any  small  variation  in  the  shape 
or  the  position  of  the  opening  edge  of  the  aluminum  film 
1  7  results  in  a  considerable  variation  in  the  shape  of  the 

25  cone  12,  particularly  the  top  shape  thereof.  For  the 
emission  properties,  the  top  shape  of  the  cone  12  serv- 
ing  as  the  cathode  is  extremely  influential.  Any  slight 
deformation  of  the  top  of  the  cone  1  2  results  in  a  consid- 
erable  deterioration  of  the  electron  emission  properties. 

30  This  may  results  in  a  reduction  in  the  yield  of  the  field 
emission  electron  gun  having  the  cone-shaped  field 
emission  cold  cathode.  In  order  to  obtain  stable  and 
desirable  electron  emission  properties,  it  would  be 
essential  to  form  a  field  emission  cold  cathode  having  a 

35  top  sharply  pointed  without  any  deformation.  For  this 
reason,  if  the  above  conventional  method  is  used  for 
forming  the  field  emission  cold  cathode,  then  it  is  diffi- 
cult  to  obtain  the  desired  top  shape  which  is  pointed 
without  any  deformation. 

40  There  is  another  method  for  forming  a  field  emis- 
sion  cold  cathode  of  Gray  type  which  is  disclosed  in  the 
U.S.  Patents  Nos.  4,307,507  and  4,513,308.  A  silicon 
oxide  film  is  formed  on  a  silicon  substrate  and  then  pat- 
tered  to  thereby  form  a  silicon  oxide  pattern  on  the  sili- 

45  con  substrate.  The  silicon  substrate  is  then  subjected  to 
an  anisotropy  etching  by  using  the  silicon  oxide  pattern 
as  a  mask  to  form  a  cone  on  the  silicon  substrate.  A  sur- 
face  of  the  cone  is  subjected  to  both  oxidation  and  sub- 
sequent  lift-off  using  a  fluorine  acid  to  thereby  form  a 

so  sharply  pointed  top  of  the  cone  which  serves  as  a  field 
emission  cold  cathode. 

As  described  above,  the  oxide  film  which  coats  the 
refractory  metal  cone  is  selectively  etched  using  the  lift- 
off  process  using  a  fluorine  acid  so  that  the  top  portion 

55  of  the  refractory  cone  is  exposed.  If  the  lift-off  process  is 
used  with  a  fluorine  acid  to  selectively  remove  the  oxide 
film  covering  the  top  of  the  cone,  then  the  top  of  the 
refractory  metal  cone  is  likely  deformed  from  the  desira- 
ble  top  shape  which  is  sharply  pointed.  Any  small  varia- 
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tion  in  the  shape  or  the  position  of  the  opening  edge  of 
the  aluminum  film  17  results  in  a  considerable  variation 
in  the  shape  of  the  cone  12,  particularly  the  top  shape 
thereof.  For  the  emission  properties,  the  top  shape  of 
the  cone  12  serving  as  the  cathode  is  extremely  influen- 
tial.  Any  slight  deformation  of  the  top  of  the  cone  results 
in  a  considerable  deterioration  of  the  electron  emission 
properties.  This  may  results  in  a  reduction  in  the  yield  of 
the  field  emission  electron  gun  having  the  cone-shaped 
field  emission  cold  cathode.  In  order  to  obtain  stable 
and  desirable  electron  emission  properties,  it  would  be 
essential  to  form  a  field  emission  cold  cathode  having  a 
top  sharply  pointed  without  any  deformation.  For  this 
reason,  if  the  above  conventional  method  is  used  for 
forming  the  field  emission  cold  cathode,  then  it  is  diffi- 
cult  to  obtain  the  desired  top  shape  which  is  pointed 
without  any  deformation. 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  a  novel  method  for  forming  a  field  emission 
cold  cathode  having  a  top  sharply  pointed  without  any 
deformation. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  a  novel  method  for  forming  a  field  emission  cold 
cathode  having  a  top  sharply  pointed  at  a  high  yield. 

The  above  and  other  objects,  features  and  advan- 
tages  of  the  present  invention  will  be  apparent  from  the 
following  descriptions. 

The  present  invention  provides  a  method  for 
reshaping  up  a  cone-like  electrode  which  is  made  of  a 
refractory  metal  containing  silicon.  The  method  com- 
prises  the  following  steps.  A  surface  of  the  cone-like 
electrode  is  subjected  to  an  oxidation  of  silicon  which  is 
contained  in  the  refractory  metal.  The  oxidation  is  gen- 
erated  at  rates  which  increase  toward  a  top  portion  of 
the  cone-like  electrode.  As  a  result,  a  silicon  oxide  film 
is  formed,  which  coats  the  cone-like  electrode.  The  sili- 
con  oxide  film  has  thickness  which  gradually  increase 
toward  a  bottom  portion  of  the  cone-like  electrode.  An 
interface  between  the  silicon  oxide  film  and  the  cone- 
like  electrode  has  sloped  angles  which  increase  toward 
the  top  portion.  The  silicon  oxide  film  is  removed  to 
thereby  expose  a  reshaped  cone  electrode  which  has  a 
sharply  pointed  top.  The  reshaped  cone  electrode  has  a 
surface  having  sloped  angles  which  increase  toward  the 
sharply  pointed  top. 

The  present  invention  provides  a  method  for  form- 
ing  a  cone-shaped  field  emission  cold  cathode  on  a 
substrate.  The  method  comprises  the  following  steps.  A 
silicon  oxide  layer  is  deposited  by  a  chemical  vapor  dep- 
osition  on  the  substrate.  A  gate  layer  made  of  a  refrac- 
tory  metal  is  deposited  on  the  silicon  oxide  layer.  A 
photo-resist  pattern  is  provided  on  the  gate  layer.  The 
gate  layer  and  the  silicon  oxide  layer  are  selectively 
etched  by  using  the  photo-resist  pattern  as  a  mask  to 
form  a  cavity  having  an  opening.  A  metal  material  is 
deposited  on  the  gate  layer  during  which  the  substrate 
rotates  in  a  plane  parallel  to  a  surface  of  the  substrate  at 
a  predetermined  oblique  angle  to  the  plane  to  thereby 
form  a  metal  film  having  an  opening  edge  which  extends 

toward  a  center  of  the  opening  from  an  edge  of  the  gate 
layer.  A  silicon  containing  refractory  metal  material  con- 
taining  silicon  is  deposited  on  the  metal  film  and  within 
the  cavity  in  a  vertical  direction  to  a  surface  of  the  sub- 

5  strate  to  thereby  form  a  silicon  containing  refractory 
metal  cone  in  the  cavity  and  further  to  form  a  refractory 
metal  layer  on  the  metal  film.  The  refractory  metal  layer 
and  the  metal  film  are  removed  to  expose  the  silicon 
containing  refractory  metal  cone.  A  surface  of  the  silicon 

10  containing  refractory  metal  cone  is  subjected  to  an  oxi- 
dation  of  silicon  which  is  contained  in  the  refractory 
metal.  The  oxidation  has  rates  which  increase  toward  a 
top  portion  of  the  silicon  containing  refractory  metal 
cone,  to  thereby  form  a  silicon  oxide  film  which  coats  the 

15  silicon  containing  refractory  metal  cone,  wherein  the  sil- 
icon  oxide  film  has  thickness  which  gradually  increase 
toward  a  bottom  portion  of  the  silicon  containing  refrac- 
tory  metal  cone.  An  interface  between  the  silicon  oxide 
film  and  the  silicon  containing  refractory  metal  cone  has 

20  sloped  angles  which  increase  toward  the  top  portion. 
The  silicon  oxide  film  is  removed  to  expose  a  reshaped 
silicon  containing  refractory  metal  cone  which  has  a 
sharply  pointed  top.  The  reshaped  silicon  containing 
refractory  metal  cone  has  a  surface  having  sloped 

25  angles  which  increase  toward  the  sharply  pointed  top. 
Preferred  embodiments  according  to  the  present 

invention  will  be  described  in  detail  with  reference  to  the 
accompanying  drawings. 

FIG.  1  is  a  fragmentary  cross  sectional  elevation 
30  view  illustrative  of  cone-shaped  field  emission  cold  cath- 

odes  aligned  on  a  substrate. 
FIGS.  2A  through  2E  are  fragmentary  cross  sec- 

tional  elevation  views  illustrative  of  sequential  steps 
involved  in  the  conventional  method  for  forming  a  cone- 

35  shaped  field  emission  cold  cathode. 
FIGS.  3A  through  3G  are  fragmentary  cross  sec- 

tional  elevation  views  illustrative  of  sequential  steps 
involved  in  a  novel  method  for  forming  a  cone-shaped 
field  emission  cold  cathode  in  a  preferred  embodiment 

40  according  to  the  present  invention. 
The  present  invention  provides  a  method  for 

reshaping  up  a  cone-like  electrode  which  is  made  of  a 
refractory  metal  containing  silicon.  The  method  com- 
prises  the  following  steps.  A  surface  of  the  cone-like 

45  electrode  is  subjected  to  an  oxidation  of  silicon  which  is 
contained  iii  the  refractory  metal.  The  oxidation  is  gen- 
erated  at  rates  which  increase  toward  a  top  portion  of 
the  cone-like  electrode.  As  a  result,  a  silicon  oxide  film 
is  formed,  which  coats  the  cone-like  electrode.  The  sili- 

50  con  oxide  film  has  thickness  which  gradually  increase 
toward  a  bottom  portion  of  the  cone-like  electrode.  An 
interface  between  the  silicon  oxide  film  and  the  cone- 
like  electrode  has  sloped  angles  which  increase  toward 
the  top  portion.  The  silicon  oxide  film  is  removed  to 

55  thereby  expose  a  reshaped  cone  electrode  which  has  a 
sharply  pointed  top.  The  reshaped  cone  electrode  has  a 
surface  having  sloped  angles  which  increase  toward  the 
sharply  pointed  top. 

3 
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The  refractory  metal  which  contains  silicon  allows 
the  oxidation  of  the  surface  of  the  cone  electrode.  The 
oxidation  of  the  surface  of  the  silicon  containing  refrac- 
tory  metal  cone  electrode  is  carried  out  to  reshape  the 
silicon  containing  refractory  metal  cone  electrode.  The 
oxidation  process  for  reshaping  the  silicon  containing 
refractory  metal  cone  electrode  results  in  a  desired 
shape  of  the  electrode  having  both  a  sharply  pointed 
top  and  a  surface  which  increase  in  the  sloped  angle 
toward  the  top  portion  thereof.  Even  if  the  silicon  con- 
taining  refractory  metal  cone  electrode  prior  to  the 
reshaping  process  has  a  small  deformation,  the  oxida- 
tion  of  the  surface  of  the  silicon  containing  refractory 
metal  cone  electrode  reshapes  up  it,  thereby  resulting  in 
the  desired  shape  of  the  cone  electrode  having  both  a 
sharply  pointed  top  and  a  surface  which  increase  in  the 
sloped  angle  toward  the  top  portion  thereof.  This  may 
results  in  a  high  yield  of  the  field  emission  electron  gun 
having  the  cone-shaped  field  emission  cold  cathode. 
The  cone-shaped  field  emission  cold  cathode  has  a 
sharply  pointed  top  portion  without  any  variation  in  the 
shape.  The  cone-shaped  field  emission  cold  cathode 
also  has  a  surface  which  is  curved  to  increase  the 
sloped  angle  toward  the  top  portion. 

The  top  portion  sharply  pointed  is  suitable  for 
obtaining  stable  and  desirable  electron  emission. 

The  above  oxidation  of  the  surface  of  the  cone- 
shaped  field  emission  cold  cathode  for  reshaping  the 
same  results  in  that  the  refractory  metal  content  in  the 
unoxidized  part  of  the  cone-shaped  field  emission  cold 
cathode  is  increased  and  the  silicon  content  therein  is 
decreased.  This  results  in  the  reshaped  field  emission 
cold  cathode  is  made  of  the  refractory  metal  having  a 
lower  silicon  content.  This  refractory  metal  having  a 
lower  silicon  content  has  a  relatively  low  work  function 
which  permits  the  desirable  electron  emission  proper- 
ties. 

The  oxidation  may  be  carried  out  in  a  dried  or 
steamed  atmosphere.  The  silicon  oxide  film  may  be 
removed  by  a  diluted  fluorine  acid  solution. 

It  is  preferable  that  the  refractory  metal  has  a  silicon 
content  in  the  range  of  1  -1  0%.  The  refractory  metal  may 
be  one  selected  from  the  group  consisting  of  tungsten, 
molybdenum,  tantalum  and  niobium. 

The  present  invention  provides  a  method  for  form- 
ing  a  cone-shaped  field  emission  cold  cathode  on  a 
substrate.  The  method  comprises  the  following  steps.  A 
silicon  oxide  layer  is  deposited  by  a  chemical  vapor  dep- 
osition  on  the  substrate.  A  gate  layer  made  of  a  refrac- 
tory  metal  is  deposited  on  the  silicon  oxide  layer.  A 
photo-resist  pattern  is  provided  on  the  gate  layer.  The 
gate  layer  and  the  silicon  oxide  layer  are  selectively 
etched  by  using  the  photo-resist  pattern  as  a  mask  to 
form  a  cavity  having  an  opening.  A  metal  material  is 
deposited  on  the  gate  layer  during  which  the  substrate 
rotates  in  a  plane  parallel  to  a  surface  of  the  substrate  at 
a  predetermined  oblique  angle  to  the  plane  to  thereby 
form  a  metal  film  having  an  opening  edge  which  extends 
toward  a  center  of  the  opening  from  an  edge  of  the  gate 

layer.  A  silicon  containing  refractory  metal  material  con- 
taining  silicon  is  deposited  on  the  metal  film  and  within 
the  cavity  in  a  vertical  direction  to  a  surface  of  the  sub- 
strate  to  thereby  form  a  silicon  containing  refractory 

5  metal  cone  in  the  cavity  and  further  to  form  a  refractory 
metal  layer  on  the  metal  film.  The  refractory  metal  layer 
and  the  metal  film  are  removed  to  expose  the  silicon 
containing  refractory  metal  cone.  A  surface  of  the  silicon 
containing  refractory  metal  cone  is  subjected  to  an  oxi- 

10  dation  of  silicon  which  is  contained  in  the  refractory 
metal.  The  oxidation  has  rates  which  increase  toward  a 
top  portion  of  the  silicon  containing  refractory  metal 
cone,  to  thereby  form  a  silicon  oxide  film  which  coats  the 
silicon  containing  refractory  metal  cone,  wherein  the  sil- 

15  icon  oxide  film  has  thickness  which  gradually  increase 
toward  a  bottom  portion  of  the  silicon  containing  refrac- 
tory  metal  cone.  An  interface  between  the  silicon  oxide 
film  and  the  silicon  containing  refractory  metal  cone  has 
sloped  angles  which  increase  toward  the  top  portion. 

20  The  silicon  oxide  film  is  removed  to  expose  a  reshaped 
silicon  containing  refractory  metal  cone  which  has  a 
sharply  pointed  top.  The  reshaped  silicon  containing 
refractory  metal  cone  has  a  surface  having  sloped 
angles  which  increase  toward  the  sharply  pointed  top. 

25  The  refractory  metal  which  contains  silicon  allows 
the  oxidation  of  the  surface  of  the  silicon  containing 
refractory  metal  cone  electrode.  The  oxidation  of  the 
surface  of  the  silicon  containing  refractory  metal  cone 
electrode  is  carried  out  to  reshape  the  silicon  containing 

30  refractory  metal  cone  electrode.  The  oxidation  process 
for  reshaping  the  silicon  containing  refractory  metal 
cone  electrode  results  in  a  desired  shape  of  the  elec- 
trode  having  both  a  sharply  pointed  top  and  a  surface 
which  increase  in  the  sloped  angle  toward  the  top  por- 

35  tion  thereof.  Even  if  the  silicon  containing  refractory 
metal  cone  electrode  prior  to  the  reshaping  process  has 
a  small  deformation,  the  oxidation  of  the  surface  of  the 
silicon  containing  refractory  metal  cone  electrode 
reshapes  up  it,  thereby  resulting  in  the  desired  shape  of 

40  the  cone  electrode  having  both  a  sharply  pointed  top 
and  a  surface  which  increase  in  the  sloped  angle  toward 
the  top  portion  thereof.  This  may  results  in  a  high  yield 
of  the  field  emission  electron  gun  having  the  cone- 
shaped  field  emission  cold  cathode.  The  cone-shaped 

45  field  emission  cold  cathode  has  a  sharply  pointed  top 
portion  without  any  variation  ii,  the  shape.  The  cone- 
shaped  field  emission  cold  cathode  also  has  a  surface 
which  is  curved  to  increase  the  sloped  angle  toward  the 
top  portion.  The  top  portion  sharply  pointed  is  suitable 

so  for  obtaining  stable  and  desirable  electron  emission. 
The  above  oxidation  of  the  surface  of  the  cone- 

shaped  field  emission  cold  cathode  for  reshaping  the 
same  results  in  that  the  refractory  metal  content  in  the 
unoxidized  part  of  the  cone-shaped  field  emission  cold 

55  cathode  is  increased  and  the  silicon  content  therein  is 
decreased.  This  results  in  the  reshaped  field  emission 
cold  cathode  is  made  of  the  refractory  metal  having  a 
lower  silicon  content.  This  refractory  metal  having  a 
lower  silicon  content  has  a  relatively  low  work  function 
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which  permits  the  desirable  electron  emission  proper- 
ties. 

The  oxidation  may  be  carried  out  in  a  dried  or 
steamed  atmosphere.  The  silicon  oxide  film  may  be 
removed  by  a  diluted  fluorine  acid  solution. 

It  is  preferable  that  the  refractory  metal  has  a  silicon 
content  in  the  range  of  1  -1  0%.  The  refractory  metal  may 
be  one  selected  from  the  group  consisting  of  tungsten, 
molybdenum,  tantalum  and  niobium. 

A  preferred  embodiment  according  to  the  present 
invention  will  be  described  with  reference  to  FIGS.  3A 
through  3G,  wherein  there  is  provided  a  novel  method 
for  forming  a  field  emission  cold  cathode  having  a  top 
sharply  pointed  without  any  deformation. 

With  reference  to  FIG.  3a,  a  silicon  oxide  film  5A 
having  a  thickness  of  1  micrometer  is  deposited  by  a 
chemical  vapor  deposition  on  a  silicon  substrate  2.  A 
gate  layer  6A  having  a  thickness  of  0.4  micrometers  and 
being  made  of  a  refractory  metal  such  as  tungsten  and 
molybdenum  is  deposited  on  the  silicon  oxide  film  5A. 

With  reference  to  FIG.  3B,  a  photo-resist  film  is 
applied  on  the  gate  layer  6A.  Holes  having  a  diameter  of 
1  micrometer  are  formed  at  a  pitch  of  1  0  micrometers. 
The  gate  layer  6A  and  the  silicon  oxide  film  5A  are 
sequentially  and  selectively  etched  using  the  photo- 
resist  film  6  having  the  holes  as  a  mask  to  thereby  form 
a  silicon  oxide  film  5A  which  has  a  cavity  4  and  a  gate 
electrode  5  having  an  opening.  The  silicon  substrate  2 
is  rotated  in  a  plane  parallel  to  the  surface  of  the  silicon 
substrate  2,  during  which  aluminum  is  deposited  at  an 
oblique  angle  of  15  degrees  to  the  surface  of  the  silicon 
substrate  2  to  thereby  form  an  aluminum  film  having  a 
thickness  of  0.15  micrometers.  The  aluminum  film  has 
an  opening  edge  extending  toward  the  center  of  the 
opening  from  the  edge  of  the  gate  electrode  5  thereby 
making  the  opening  of  the  gate  electrode  5  narrow.  A 
refractory  metal  such  as  tungsten,  molybdenum,  tanta- 
lum  and  niobium  is  prepared,  which  contains  silicon, 
wherein  the  content  of  silicon  is  in  the  range  of  1-10%. 
The  silicon  containing  refractory  metal  is  deposited  in  a 
vertical  direction  to  the  surface  of  the  silicon  substrate  2. 
As  a  result,  a  silicon  containing  refractory  metal  cone  3 
is  formed  in  the  cavity  4  and  further  a  refractory  metal 
layer  8  is  deposited  on  the  aluminum  film  7.  The  refrac- 
tory  metal  layer  8  has  a  concave  portion  being  cone- 
shaped  and  posited  over  the  opening  of  the  gate  elec- 
trode  and  over  the  cavity  4. 

With  reference  to  FIG.  3E,  the  refractory  metal  layer 
8  and  the  aluminum  film  7  are  removed  to  expose  the 
gate  electrode  15  on  the  silicon  oxide  film  5  and  the  sil- 
icon  containing  refractory  metal  cone  3  within  the  cavity 
4.  The  refractory  metal  cone  3  serves  as  a  cone-shaped 
cathode. 

With  reference  to  FIG.  3F,  the  silicon  containing 
refractory  metal  cone  3  is  subjected  to  an  oxidation  of 
silicon  contained  in  the  refractory  metal  cone  3  in  a 
dried  or  steamed  atmosphere  to  thereby  form  a  silicon 
oxide  film  9  on  a  surface  of  the  silicon  containing  refrac- 
tory  metal  cone  3.  The  rate  of  oxidation  of  the  surface  of 

the  silicon  containing  refractory  metal  cone  3  is  different 
between  the  top  portion  and  the  bottom  portion.  Since 
the  bottom  portion  of  the  silicon  containing  refractory 
metal  cone  3  has  a  larger  volume  than  the  top  portion, 

5  the  rate  of  the  oxidation  at  the  bottom  portion  is  higher 
than  the  top  portion.  As  a  result,  the  silicon  oxide  film  on 
the  top  portion  of  the  silicon  containing  refractory  metal 
cone  3  has  a  smaller  thickness  than  the  bottom  portion 
thereof.  The  sloped  angle  of  the  interface  between  the 

10  silicon  oxide  film  9  and  the  silicon  containing  refractory 
metal  cone  3  increases  toward  the  top  portion  thereof. 
The  silicon  oxidation  increases  the  content  of  the  refrac- 
tory  metal  and  decreases  the  silicon  content. 

With  reference  to  FIG.  3G,  the  silicon  oxide  film  9  is 
15  removed  by  using  a  diluted  fluorine  acid  solution  to 

thereby  expose  silicon  containing  refractory  metal  cone 
3  having  a  reshaped  surface  which  has  a  sloped  angle 
increasing  toward  the  top  portion  thereof.  The  top  of  the 
silicon  containing  refractory  metal  cone  3  illustrated  in 

20  FIG.  3G  is  more  sharply  pointed  than  that  illustrated  in 
FIG.  3E. 

As  described  above,  the  processes  illustrated  in 
FIGS.  3A  through  3E  are  the  same  as  the  conventional 
processes  illustrated  in  FIGS.  2A  through  2E  except  in 

25  that  the  cone  3  is  made  of  the  silicon  containing  refrac- 
tory  metal.  The  refractory  metal  which  contains  silicon 
allows  the  oxidation  of  the  surface  of  the  cone  in  the 
process  illustrated  in  FIG.  3F.  The  oxidation  of  the  sur- 
face  of  the  silicon  containing  refractory  metal  cone  3  is 

30  carried  out  to  reshape  up  the  silicon  containing  refrac- 
tory  metal  cone  3.  The  oxidation  process  for  reshaping 
the  silicon  containing  refractory  metal  cone  3  results  in 
a  desired  shape  of  the  cathode  3  having  both  a  sharply 
pointed  top  and  a  surface  which  increase  in  the  sloped 

35  angle  toward  the  top  portion  thereof.  Even  if  the  silicon 
containing  refractory  metal  cone  3  has  a  small  deforma- 
tion,  the  oxidation  of  the  surface  of  the  silicon  containing 
refractory  metal  cone  3  reshapes  it,  thereby  resulting  in 
the  desired  shape  of  the  cathode  3  having  both  a 

40  sharply  pointed  top  and  a  surface  which  increase  in  the 
sloped  angle  toward  the  top  portion  thereof.  This  may 
results  in  a  high  yield  of  the  field  emission  electron  gun 
having  the  cone-shaped  field  emission  cold  cathode. 
The  cone-shaped  field  emission  cold  cathode  has  a 

45  sharply  pointed  top  portion  without  any  variation  in  the 
shape.  The  cone-shaped  field  emission  cold  cathode 
also  has  a  surface  which  is  curved  to  increase  the 
sloped  angle  toward  the  top  portion.  The  top  portion 
sharply  pointed  is  suitable  for  obtaining  stable  and 

so  desirable  electron  emission. 
The  above  oxidation  of  the  surface  of  the  cone- 

shaped  field  emission  cold  cathode  for  reshaping  the 
same  results  in  that  the  refractory  metal  content  in  the 
unoxidized  part  of  the  cone-shaped  field  emission  cold 

55  cathode  is  increased  and  the  silicon  content  therein  is 
decreased.  This  results  in  the  reshaped  field  emission 
cold  cathode  is  made  of  the  refractory  metal  having  a 
lower  silicon  content.  This  refractory  metal  having  a 
lower  silicon  content  has  a  relatively  low  work  function 
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which  permits  the  desirable  electron  emission  proper- 
ties. 

Whereas  modifications  of  the  present  invention  will 
be  apparent  to  a  person  having  ordinary  skill  in  the  art, 
to  which  the  invention  pertains,  it  is  to  be  understood  s 
that  embodiments  shown  and  described  by  way  of  illus- 
trations  are  by  no  means  intended  to  be  considered  in  a 
limiting  sense.  Accordingly,  it  is  to  be  intended  to  cover 
by  claims  all  modifications  which  fall  within  the  spirit  and 
scope  of  the  invention.  10 

Claims 

1.  A  method  for  reshaping  up  a  cone-like  electrode 
which  is  made  of  a  refractory  metal  containing  sili-  is 
con,  said  method  comprising  : 

subjecting  a  surface  of  said  cone-like  elec- 
trode  (3)  to  an  oxidation  of  silicon  which  is  con- 
tained  in  said  refractory  metal,  wherein  said 
oxidation  has  rates  which  increase  toward  a  top  20 
portion  of  said  cone-like  electrode  (3),  to  thereby 
form  a  silicon  oxide  film  (7)  which  coats  said  cone- 
like  electrode  (3),  wherein  said  silicon  oxide  film  (7) 
has  thickness  which  gradually  increase  toward  a 
bottom  portion  of  said  cone-like  electrode  (3),  and  25 
wherein  an  interface  between  said  silicon  oxide  film 
(7)  and  said  cone-like  electrode  (3)  has  sloped 
angles  which  increase  toward  said  top  portion  ;  and 

removing  said  silicon  oxide  film  (7)  to  expose 
a  reshaped  cone  electrode  (3)  which  has  a  sharply  30 
pointed  top,  said  reshaped  cone  electrode  (3)  has  a 
surface  having  sloped  angles  which  increase 
toward  said  sharply  pointed  top. 

2.  The  method  as  claimed  in  claim  1  ,  wherein  said  oxi-  35 
dation  is  carried  out  in  a  dried  atmosphere. 

3.  The  method  as  claimed  in  claim  1  ,  wherein  said  oxi- 
dation  is  carried  out  in  a  steamed  atmosphere. 

40 
4.  The  method  as  claimed  in  claim  1  ,  wherein  said  sil- 

icon  oxide  film  (7)  is  removed  by  a  diluted  fluorine 
acid  solution. 

5.  The  method  as  claimed  in  claim  1,  wherein  said  45 
refractory  metal  has  a  silicon  content  in  the  range  of 
1-10%. 

6.  The  method  as  claimed  in  claim  1,  wherein  said 
refractory  metal  is  one  selected  from  the  group  con-  so 
sisting  of  tungsten,  molybdenum,  tantalum  and  nio- 
bium. 

7.  A  method  for  forming  a  cone-shaped  field  emission 
cold  cathode  on  a  substrate  (2)  comprising  :  55 

depositing  a  silicon  oxide  layer  (5)  by  a 
chemical  vapor  deposition  on  said  substrate  (2)  ; 

depositing  a  gate  layer  (6)  made  of  a  refrac- 
tory  metal  on  said  silicon  oxide  layer  (5)  ; 

providing  a  photo-resist  pattern  on  said  gate 
layer  (6)  ;  selectively  etching  said  gate  layer  (6)  and 
said  silicon  oxide  layer  (5)  by  using  said  photo- 
resist  pattern  as  a  mask  to  form  a  cavity  (4)  having 
an  opening  ; 

removing  said  photo-resist  pattern  ; 
depositing  a  metal  material  (7)  on  said  gate 

layer  (6)  during  which  said  substrate  (2)  rotates  in  a 
plane  parallel  to  a  surface  of  said  substrate  (2)  at  a 
predetermined  oblique  angle  to  said  plane  to 
thereby  form  a  metal  film  (7)  having  an  opening 
edge  which  extends  toward  a  center  of  said  open- 
ing  from  an  edge  of  said  gate  layer  (6)  ; 

depositing  a  silicon  containing  refractory 
metal  material  on  said  metal  film  and  within  said 
cavity  (4)  in  a  vertical  direction  to  a  surface  of  said 
substrate  to  thereby  form  a  silicon  containing 
refractory  metal  cone  (3)  in  said  cavity  (4)  and  fur- 
ther  to  form  a  silicon  containing  refractory  metal 
layer  (8)  on  said  metal  film  (7)  ; 

removing  said  silicon  containing  refractory 
metal  layer  (8)  and  said  metal  film  (7)  to  expose 
said  silicon  containing  refractory  metal  cone  (3), 

said  method  being  characterized  by  further 
steps  of  : 

subjecting  a  surface  of  said  silicon  contain- 
ing  refractory  metal  cone  (3)  to  an  oxidation  of  sili- 
con  which  is  contained  in  said  refractory  metal, 
wherein  said  oxidation  has  rates  which  increase 
toward  a  top  portion  of  said  silicon  containing 
refractory  metal  cone  (3),  to  thereby  form  a  silicon 
oxide  film  (9)  which  coats  said  silicon  containing 
refractory  metal  cone  (3),  wherein  said  silicon  oxide 
film  (9)  has  thickness  which  gradually  increase 
toward  a  bottom  portion  of  said  silicon  containing 
refractory  metal  cone  (3),  and  wherein  an  interface 
between  said  silicon  oxide  film  (9)  and  said  silicon 
containing  refractory  metal  cone  (3)  has  sloped 
angles  which  increase  toward  said  top  portion  ;  and 

removing  said  silicon  oxide  film  (9)  to  expose 
a  reshaped  silicon  containing  refractory  metal  cone 
(3)  which  has  a  sharply  pointed  top,  said  reshaped 
silicon  containing  refractory  metal  cone  (3)  having  a 
surface  having  sloped  angles  which  increase 
toward  said  sharply  pointed  top. 

8.  The  method  as  claimed  in  claim  7,  wherein  said  oxi- 
dation  is  carried  out  in  a  dried  atmosphere. 

9.  The  method  as  claimed  in  claim  7,  wherein  said  oxi- 
dation  is  carried  out  in  a  steamed  atmosphere. 

10.  The  method  as  claimed  in  claim  7,  wherein  said  sil- 
icon  oxide  film  (9)  is  removed  by  a  diluted  fluorine 
acid  solution. 

11.  The  method  as  claimed  in  claim  7,  wherein  said 
refractory  metal  has  a  silicon  content  in  the  range  of 
1-10%. 
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12.  The  method  as  claimed  in  claim  7,  wherein  said 
refractory  metal  is  one  selected  from  the  group  con- 
sisting  of  tungsten,  molybdenum,  tantalum  and  nio- 
bium. 
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