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(54)  Fabrication  method  for  field  emission  arrays. 

(57)  Field  emitters  for  displays  and  vacuum  microelectronic  devices  include  a  tip  (30'),  a  grid  (18)  to  control 
electron  emission  from  the  tip,  and  an  electrode  (22)  for  focusing  the  electron  emission.  The  method  of 
fabrication  avoids  simultaneous  evaporation  at  vastly  different  angles  and  replaces  simultaneous 
evaporation  with  successive  evaporations  followed  by  a  noncritical  lift-off.  The  metal  to  form  the  emitting 
bodies  (30)  is  deposited  over  a  release  layer  (26)  as  well  within  the  field  emitter  apertures  (15'),  and  forms 
a  layer  (28)  that  seals  off  the  apertures  (1  5').  Most  of  the  layer  (28)  is  etched  away  to  leave  only  the  parts 
over  the  apertures  (15'),  and  then  the  release  layer  (26)  is  etched  away  so  that  the  remaining  pieces  of  the 
layer  (28)  are  lifted  off. 
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Background  of  the  Invention 

This  invention  relates  generally  to  electron  emit- 
ting  structures  and,  more  particularly,  to  electric  field 
producing  electron  emitting  structures. 

As  it  is  known  in  the  art,  the  use  of  an  electricf  ield 
to  produce  electron  emission  has  been  suggested  as, 
for  example,  in  U.S.  Patent  No.  3,755,704  "Field 
Emission  Cathode  Structures  and  Devices  Utilizing 
Such  Structures"  issued  August  28,  1973  to  C.A. 
Spindt,  et  al.  As  suggested  in  this  patent,  a  cathode 
is  provide  by  an  electron  emitting  structure  in  the 
shape  of  a  cone  having  a  tip.  An  electrically  conducted 
gate  electrode  arrangement  is  disposed  adjacent  the 
tip  portion  of  the  cone  to  produce  in  response  to  an 
applied  field  between  the  cone  and  the  tip  electron 
emissions  from  the  tip  portion  of  the  cone.  An  electric 
field  is  provided  between  the  electron  emitting  struc- 
ture  and  a  spaced  apart  anode,  and  by  application  of 
a  potential  therebetween  the  field  emitted  electrons 
are  collected  by  the  anode.  That  is,  the  electric  field 
is  concentrated  at  the  tip  portion  of  the  cone  with  suf- 
ficient  intensity  such  that  electrons  are  emitted  from 
the  tip  and  are  collected  by  the  anode. 

As  is  also  known,  such  cathode  structures  can  be 
used  in  a  variety  of  applications,  such  as  in  flat  panel 
displays  and  vacuum  microelectric  devices. 

To  provide  the  tips  of  the  electron  emitting  struc- 
ture,  as  taught  by  the  Spindt,  etal.  patent,  a  highly  col- 
limated  beam  of  vaporized  metal,  illustratively  molyb- 
denum,  impinges  normally  onto  a  substrate  having  a 
metal  film,  the  control  grid  electron,  having  micron 
sized  apertures  disposed  over  small  cavities.  A  sec- 
ond  beam,  illustratively  aluminum  oxide  vapor  or  other 
dielectric  material,  impinges  simultaneously  onto  the 
substrate  at  a  relatively  shallow  angle  compared  to 
the  angle  of  incidence  of  the  vaporized  beam  of  metal. 
During  this  co-evaporation  process,  the  substrate  is 
rotated  about  its  central  axis.  The  net  affect  is  that  the 
apertures  in  the  metal  film  are  gradually  closed  by  the 
deposition  of  the  composite  material  (i.e.  the  molyb- 
denum  and  aluminum  oxide)  while  metal  cones  are 
formed  as  a  result  of  the  gradual  closing  of  the  aper- 
ture  by  the  molybdenum  vapor  stream.  Thus,  cathode 
electrodes  are  provided  within  the  apertures.  There- 
after,  the  composite  material  (i.e.  molybdenum  and 
aluminum  oxide)  which  surrounds  the  cones  and 
closes  the  apertures  in  the  metal  film  is  removed  by 
a  subsequent  selective  chemical  etching  step  which 
attacks  the  composite  material  but  generally  not  the 
molybdenum  metal  cones. 

To  obtain  emitters  having  uniform  cone  and  tip 
physical  geometries  over  a  relatively  large  area  would 
be  useful  for  a  display  or  microelectric  device.  In  order 
to  try  to  provide  such  a  characteristic,  the  co-depos- 
ited  vapor  streams  must  be  highly  collimated.  In  addi- 
tion,  the  relative  deposition  rates  of  the  co-deposited 
vapor  stream  must  be  precisely  controlled  to  provide 

the  desired  tip  sharpness  over  a  large  area.  That  is, 
they  must  be  evaporated  from  a  considerable  dis- 
tance,  typically  of  70  centimeters  or  greater.  This  con- 
dition  requires  the  use  of  a  relatively  large  deposition 

5  apparatus. 
The  process  described  by  Spindt  is  thus  compli- 

cated  and,  moreover,  the  apparatus  needed  to  pro- 
duce  displays  would  be  expensive  particularly  for 
usefully  sized  displays  and  microelectronic  devices. 

10  A  further  problem  with  the  field  emission  struc- 
ture  described  by  Spindt  is  the  absence  of  an  elec- 
trode  for  use  in  electrostatic  focusing.  This  problem 
arises  in  part  because  of  the  relative  difficulty  in  ini- 
tially  achieving  the  emitter  tips  due  to  the  co-evapor- 

15  ation  processing  techniques.  It  would  be  highly  desir- 
able  to  provide  a  focusing  electrode  adjacent  said  tips 
since  the  electrons  which  emerge  from  the  field  emis- 
sion  tips  are  emitted  over  a  considerable  spread  of 
launching  angles  of  typically  30°.  To  focus  these  field 

20  emitted  electrons  into  a  relatively  narrow  beam  would 
be  desirable  for  many  applications,  particularly  the 
above-mentioned  display  applications.  A  further 
shortcoming  of  the  described  process  is  the  relative 
difficulty  in  controlling  the  height  of  the  cones  relative 

25  to  the  gate  electrode  structures.  A  high  degree  of  con- 
trol  is  desirable  since  it  is  generally  preferred  that  the 
peak  or  the  tip  of  the  cone  reach  or  protrude  through 
the  region  disposed  adjacent  the  grid  electrodes. 

30  Summary  of  the  Invention 

In  accordance  with  the  present  invention,  a  meth- 
od  of  forming  field  emitter  tips  for  a  field  emission 
structure  includes  the  steps  of  providing  over  a  con- 

35  ductive  layer  a  stack  of  an  insulating  layer  and  a  con- 
ductive  layer  and  preferable  alternating  layer  pairs  of 
an  insulating  layer  and  a  conductive  layer.  Through 
the  stack  of  layers,  a  plurality  of  apertures  is  provided. 
Preferably  selective  portions  of  the  insulating  layer  or 

40  insulating  layers  exposed  by  the  apertures  provided 
through  the  stack  are  etched  back  to  provide  the  con- 
ductive  layers  overhanging  the  insulating  layers.  The 
substrate  is  then  coated  with  a  release  material  which 
is  disposed  over  the  stack.  Abeam  of  metal  is  directed 

45  towards  the  stack  to  provide  a  layer  of  said  metal  over 
the  stack  while  permitting  portions  of  the  beam  of  met- 
al  to  deposit  onto  the  portions  of  the  conductive  layer 
exposed  through  the  apertures  in  said  stack  while  the 
layer  of  metal  over  the  stack  gradually  closes  such 

so  apertures  thus  leaving  a  cone-shaped  region  of  the 
metal  within  each  of  the  apertures.  With  such  an  ar- 
rangement,  a  plurality  of  field  emission  tips  are  pro- 
vided  in  apertures  formed  in  a  stack  of  alternating  in- 
sulator  and  conductive  layers.  This  technique  thus 

55  eliminates  the  relatively  difficult  co-evaporation  of  di- 
electric  and  metal  to  form  the  cone-shaped  field  emit- 
ters  and  replaces  the  co-evaporation  with  successive 
evaporations  which  are  more  easy  to  control,  partic- 

2 



3 EP  0  520  780  A1 4 

ularly  over  large  surface  areas.  Furthermore,  the 
geometric  relation  between  the  tip  of  the  cone  and  a 
conductor  which  is  to  be  provided  as  a  grid  or  gate 
electrode  for  the  field  emission  structure  is  easy  to 
control.  With  a  preferred  embodiment,  a  second  elec-  5 
trade  is  provided  which  can  be  used  for  electrostatic 
focusing. 

In  accordance  with  a  further  aspect  of  the  present 
invention,  the  method  of  forming  field  emitter  tips  fur- 
ther  comprises  the  step  of  masking  the  apertures  pro-  10 
vided  through  the  stack  of  alternating  layers  while  re- 
moving  portions  of  the  metal  layer  disposed  over  the 
stack  and  removing  the  release  layer,  as  well  as,  the 
masked  portions  disposed  over  the  apertures.  With 
this  particular  arrangement,  the  combination  of  the  15 
successive  evaporations  and  a  relatively  non-critical 
lift-off  type  of  process  step  may  be  used  to  provide  the 
field  emitter  tips. 

Successive  evaporations  are  easier  to  control 
than  an  accurate  mixing  of  simultaneous  evapora-  20 
tions  as  used  in  the  prior  techniques.  With  the  present 
invention,  the  topographical  and  etching  properties  of 
the  two-layer  deposited  film  mainly  depend  upon  the 
thickness  of  the  layers  and  not  on  the  relative  evap- 
oration  rates,  that  is  the  final  compositions  of  the  lay-  25 
er.  For  the  prior  art  technique,  the  topographical  and 
etching  properties  of  the  simultaneously  evaporated 
layers  are  strongly  related  to  the  compositions  of  the 
two  component  layers  and  thus  are  strongly  related  to 
the  evaporation  rates  of  the  metal  and  insulating  ma-  30 
terials.  Further,  with  the  present  technique,  the  evap- 
oration  sources  can  now  be  positioned  in  the  same  lo- 
cation  in  the  form  of  a  standard  multiple  hearth  elec- 
tron  beam  evaporation  furnace.  This  is  a  further  ad- 
vantage  over  the  prior  approaches  since  the  electron  35 
beam  evaporation  process  provides,  at  relatively  high 
rates,  highly  collimated  depositions  of  refractory  met- 
als.  Evaporation  becomes  very  inefficient,  however, 
when  the  direction  of  deposition  deviates  much  from 
a  normal  to  the  surface  to  be  deposited  on  as  would  40 
be  required  for  one  of  the  beams  of  metal  in  the  simul- 
taneous  evaporation  technique  of  the  prior  art.  The  in- 
stant  method  permits  the  substrate  to  assume  two  dif- 
ferent  positions  to  allow  materials  to  be  consecutively 
deposited  in  a  multiple  hearth  source  at  two  different  45 
angles. 

In  accordance  with  a  still  further  aspect  of  the 
present  invention,  a  field  emission  structure  compris- 
es  a  bottom  conductive  layer  supporting  a  plurality  of 
field  emitters;  and  a  stack  of  alternating  layers  of  at  50 
least  two  insulating  layers  interposed  with  at  least  two 
conductive  layers  disposed  over  said  bottom  conduc- 
tive  layer.  The  stack  has  apertures  disposed  there- 
through  with  the  field  emitters  disposed  partially 
through  the  apertures.  With  such  an  arrangement,  a  55 
field  emitting  structure  having  a  pair  of  electrodes  dis- 
posed  over  the  field  emitters  is  provided.  In  particular, 
one  of  said  electrodes  can  be  used  as  a  grid  or  control 

electrode  to  control  the  rate  of  the  emission  from  the 
field  emitters,  whereas  the  second  one  of  the  electro- 
des  can  be  used  as  an  electrostatic  focusing  elec- 
trode  to  collimate  a  beam  of  field  emitted  electrons 
from  each  of  the  field  emitters.  The  field  emitters  can 
be  any  known  field  emitter  structure  such  as  cones 
having  field  emitting  tips  or  wedges. 

Brief  Description  of  the  Drawings 

The  foregoing  features  of  this  invention,  as  well 
as  the  invention  itself,  may  be  more  fully  understood 
from  the  following  detailed  description  of  the  draw- 
ings,  in  which: 

FIGs.  1-7  are  a  series  of  cross-sectional  views 
showing  steps  in  the  fabrication  of  field  emitter 
tips  in  accordance  with  the  present  invention; 
FIG.  8  is  a  cross-sectional  view  showing  a  com- 
pleted  field  emitter  having  a  collection  electrode 
disposed  over  the  field  emission  structure; 
FIG.  9  is  a  plan  view  taken  along  line  8-8  of  FIG. 
8;  and 
FIG.  10  is  a  plan  view  of  an  alternate  arrange- 
ment  for  providing  wedge  emitters  in  accordance 
with  a  further  aspect  of  the  present  invention. 

Description  of  the  Preferred  Embodiments 

Referring  now  to  FIG.  1,  a  substrate  12  is  here 
shown  having  disposed  over  a  first  surface  thereof, 
an  optional  electrically  insulating  layer  13  illustratively 
silicon  dioxide  which  is  disposed  or  grown  over  sub- 
strate  12  using  any  conventional  technique.  Layer  13 
is  illustratively  8,000A  in  thickness  although  other 
thicknesses  may  alternatively  be  used.  The  substrate 
12  is  used  as  a  support  and  it  should  be  appreciated 
that  the  substrate  is  likewise  optional.  For  example,  if 
the  arrangement  to  be  described  can  be  supported 
with  other  techniques  other  than  the  substrate  12, 
then  the  substrate  12  can  be  eliminated.  Here  the  sub- 
strate  12  is  typically  a  silicon  wafer  of  the  type  used 
in  conventional  integrated  circuit  technology.  How- 
ever,  alternatively  the  substrate  12  can  be  any  other 
material  which  can  support  the  structure  to  be  descri- 
bed.  Further,  the  substrate  12  may  also  be  electrically 
conductive  and  optionally  can  be  electrically  insulat- 
ing. 

Disposed  over  layer  13  is  a  conductive  layer  14 
here  comprised  of  a  metal,  and  preferably  a  tena- 
cious,  refractory  type  of  metal  such  as  molybdenum, 
tungsten,  titanium,  or  tantalum.  Such  metals  are  also 
generally  used  for  subsequent  conductive  layers  to  be 
described.  The  conductive  layer  14,  as  well  as,  the 
other  described  layers  may  also  comprise  a  conduc- 
tive  ceramic  such  as  a  superconductor  type  of  mate- 
rial.  For  the  purposes  of  this  invention,  it  is  not  neces- 
sary  for  the  superconductive  material  to  have  the 
properties  of  superconductivity  in  the  above  applica- 

3 



5 EP  0  520  780  A1 6 

tion.  It  is  merely  necessary  that  the  ceramic  material 
be  conductive  at  the  temperature  of  operation  of  the 
device  to  be  fabricated.  Here  a  preferred  example  of 
the  metal  used  for  conductive  layer  14  and  subse- 
quent  conductive  layers  is  molybdenum.  Conductive 
layer  14  is  annealed  at  a  high  temperature  at  around 
1  ,000°C  by  any  technique  such  as  rapid  thermal  proc- 
essing,  as  well  as,  other  known  techniques  to  improve 
its  conductivity  and  adhesion  to  the  layer  13.  Alterna- 
tively,  the  annealing  step  can  be  delayed  until  all  of  the 
conductive  layers  (as  will  be  described)  have  been 
provided  in  the  stack  (15  as  will  be  described).  Layer 
14  may  have  any  desired  thickness.  Atypical  range  of 
thicknesses  for  layer  14  is  in  the  range  of  0.3-1.0  mi- 
crons. 

Disposed  over  layer  14  is  a  stack  15  here  com- 
prised  of  a  first  insulating  layer  16  of  an  insulator  type 
of  material  having  a  thickness  generally  in  the  range 
of  0.6-1.0  microns,  although  other  thicknesses  may 
alternatively  be  used.  Insulator  layer  16  may  be  any 
suitable  electrically  insulating  material,  for  example, 
here  the  insulator  layer  is  comprised  of  chemically  va- 
por  deposited  or  sputtered  quartz  which  has  excellent 
dielectric  properties  and  a  relatively  low  dielectric 
constant. 

Disposed  over  insulating  layer  16  is  a  second 
conductive  layer  18,  here  also  comprised  of  a  refrac- 
tory  metal  and  here  illustratively  being  molybdenum 
although  the  metals  and,  in  particular,  the  other  re- 
fractory  metals  or  ceramics,  as  mentioned  earlier, 
may  alternatively  be  used.  Disposed  over  conductive 
layer  18  is  a  second  insulating  layer  20  here  com- 
prised  of  quartz  although  other  insulating  materials 
may  alternatively  be  used  and  disposed  over  second 
insulating  layer  20  is  a  third  conductive  layer  22  here 
also  comprised  of  molybdenum  although  other  mate- 
rials  may  alternatively  be  used.  Layers  16,  18,  20,  and 
22  provide  the  stack  arrangement  15. 

Referring  now  to  FIG.  2,  a  masking  layer  24  is 
shown  disposed  over  third  conductive  layer  22  of 
stack  15.  Masking  layer  24  is  here  comprised  of  a  pho- 
toresist  or  any  other  suitable  masking  type  of  material 
and  is  patterned  to  provide  apertures  24'  which  are 
here  circular  although  other  shapes  may  alternatively 
be  used.  Apertures  24'  are  used  to  expose  underlying 
portions  of  the  stack15.  Here  the  substrate  12,  having 
the  masking  layer  24,  is  brought  into  contact  with  a  re- 
active  ion  etching  plasma  (not  shown)  to  etch  portions 
of  the  stack  15  exposed  by  the  aperture  24'  provided 
in  masking  layer  24,  thus  providing  apertures  15'  in 
the  stack  15.  The  reactive  ion  etching  continues  until 
the  apertures  reach  the  conductive  layer  14. 

Since  etching  through  the  four  layers  using  the  re- 
active  ion  etching  is  a  relatively  long  and  tedious  proc- 
ess,  it  might  be  preferably  to  provide  a  more  tenacious 
masking  layer  24  rather  than  conventional  photore- 
sist.  Thus,  if  erosion  of  the  resist  material  becomes  a 
concern,  the  masking  layer  24  may  be  replaced  or 

supplemented  by  use  of  a  more  durable  masking  ma- 
terial  such  as  a  platinum  film  which  is  easily  patterned 
by  back  sputtering  in  argon  through  a  photoresist 
mask  (not  shown). 

5  Referring  now  to  FIG.  3,  portions  of  the  two  insu- 
lating  layers  16  and  20  exposed  through  apertures 
15',  provided  in  the  stack  15,  are  selectively  etched 
back  by  use  of  a  relatively  noncritical,  highly  selective 
chemical  etchant  such  as  hydrogen  fluoride  solution 

10  in  the  case  of  quartz.  This  permits  etching  back  of 
portions  of  the  insulating  layers  16  and  20  exposed  in 
aperture  15'  to  provide  portions  of  the  conductive  lay- 
ers  18  and  22  overhanging  the  insulating  layers  16 
and  20.  This  arrangement  is  preferable  for  field  emis- 

15  sion. 
Referring  now  to  FIG.  4,  the  masking  layer  24 

(FIGs.  2  and  3)  is  removed  using  conventional  tech- 
niques  for  the  particular  masking  material  used  and  is 
replaced  by  a  release  layer  26  of  a  material  which  is 

20  evaporated  to  a  desired  thickness  typically  between 
1  ,000-3,000A  at  an  angle  of  approximately  45°  while 
the  substrate  is  rotated  about  its  central  axis.  The  re- 
lease  layer  16  is  thus  disposed  over  the  third  conduc- 
tive  layer  22  and  preferable  coats  inner  portions  of  the 

25  third  conductive  layer  22  exposed  within  the  aper- 
tures  15',  as  shown.  It  is  also  preferred  that  the  re- 
lease  material  of  the  release  layer  26  not  enter  the 
apertures  15'  other  than  to  coat  exposed  portions  of 
layer  22,  as  shown.  This  arrangement  assists  in  re- 

30  moval  of  layers  which  will  be  disposed  over  layer  26 
in  a  manner  to  be  described.  Examples  of  suitable 
materials  for  release  layer  26  include  titanium,  alumi- 
num,  as  well  as,  nickel.  In  a  preferred  arrangement, 
the  release  layer  26  may  be  comprised  of  a  composite 

35  layer  of  two  of  such  materials.  One  example  of  a  com- 
posite  layer  would  be  to  provide  a  layer  of  aluminum 
having  a  thickness  of  approximately  2,000A  and  fol- 
lowed  by  a  layer  of  titanium  having  a  thickness  of  ap- 
proximately  1,000A.  Other  thicknesses,  as  well  as 

40  other  materials  could  alternatively  be  used.  In  gener- 
al,  the  important  characteristics  of  the  material  for  re- 
lease  layer  26  are  that  it  is  compatible  with  the  proc- 
essing  to  follow  and  that  it  be  relatively  easily  etched 
or  removed  by  any  technique  that  will  not  attack  the 

45  underlying  layers  16-22,  as  will  be  described. 
Referring  now  to  FIG.  5,  a  conductive  layer  28  is 

shown  disposed  over  release  layer  26.  Here  the  con- 
ductive  layer  28  is  evaporated  molybdenum  or  other 
suitable  metals  or  refractory  type  of  metals  mentioned 

so  above  maybe  used.  Alternatively  conductive  and  su- 
perconductive  types  of  ceramic  may  be  used  provided 
they  have  sufficient  conductivity  at  the  temperatures 
which  the  device  will  operate  and  further  that  they  ex- 
hibit  field  emission  of  electrons.  Here  the  preferred 

55  material  for  conductive  layer  28  is  molybdenum  and 
it  is  evaporated  at  a  normal  incidence  to  the  surface 
of  the  substrate  12.  During  the  evaporation  process, 
portions  of  the  evaporated  molybdenum  enter  the 

4 
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apertures  15'  while  remaining  portions  of  the  molyb- 
denum  coat  release  layer  26  including  portions  there- 
of  within  apertures  15'  and  thus  provide  the  conduc- 
tive  layer  28,  as  shown.  As  molybdenum  is  evaporat- 
ed,  the  thickness  of  conductive  layer  28  increases, 
and  the  conductive  layer  28  concomitantly  begins  to 
buildup  along  sidewall  portions  of  release  layer  26  to 
gradually  close  the  apertures  1  5'  provided  in  the  stack 
15.  Thus,  as  the  apertures  15'  are  closed  off  by  suc- 
cessively  increasing  the  thickness  of  conductive  layer 
28,  the  amount  of  evaporated  molybdenum  which  en- 
ters  the  apertures  15'  is  concomitantly,  uniformly  re- 
duced.  This  arrangement  provides  the  cone-shaped 
emitters  30  disposed  within  the  apertures  15',  as 
shown.  The  cone-shaped  emitters  30  have  tip  por- 
tions  30'  which  are  relatively  sharp  and  generally 
sharper  than  those  provided  using  the  prior  techni- 
ques.  The  evaporation  process  continues  until  com- 
plete  closure  of  the  aperture  1  5'  is  provided  by  con- 
ductive  layer  28.  The  evaporation  parameters  and  the 
aperture  15'  dimensions  are  chosen  such  that  the 
apertures  15'  reach  complete  closure  before  the  tip 
30'  grows  into  it.  In  addition,  for  electrical  considera- 
tions  for  the  field  emission  tips  30',  it  is  generally  de- 
sired  that  the  elevation  of  the  tip  30'  is  close  to  or 
slightly  above  the  upper  surface  of  the  second  con- 
ductive  layer  18  which,  as  will  be  described,  is  gener- 
ally  used  to  control  emission  of  field  emitted  electrons 
from  the  tips  30'. 

Referring  now  to  FIG.  6,  a  masking  layer  (not 
shown)  is  disposed  over  conductive  layer  28  and  is 
patterned  to  provide  masking  regions  34  which  gen- 
erally  mask  the  apertures  15'  in  which  the  cone  emit- 
ter  tips  30'  are  provided.  These  masking  regions  34 
are  used  to  protect  the  emitter  tips  30'  and  a  small 
area  adjacent  the  emitters  during  subsequent  etching 
processes  to  remove  the  conductive  layer  28,  as  well 
as,  release  material  26,  as  will  now  be  described. 

The  exposed  portions  of  conductive  layer  28  are 
removed  by  any  desired  etching  step,  here  by  reactive 
ion  etching  or  alternatively  by  a  wet  etching  techni- 
que.  If  a  wet  etching  technique  is  used,  it  is  preferred 
that  the  masking  regions  34  be  relatively  large  in  com- 
parison  to  the  apertures  15'  such  that  any  undercut- 
ting  of  the  masking  region  34  into  layer  28  will  avoid 
the  apertures  15'  and  thus  the  emitters  30'.  Atypical 
spacing  for  the  emitters  is  about  5-6  microns,  whereas 
each  emitter  is  typically  1  micron  in  diameter.  Thus, 
selection  of  the  particular  technique  principally  de- 
pends  upon  convenience  and  dimensional  tolerances 
available  in  the  ultimately  fabricated  device.  For  ex- 
ample,  in  applications  having  closely  spaced  emitter 
tips  and  hence  masking  regions  34,  a  reactive  ion 
etching  technique  would  be  preferred,  whereas  a  wet 
chemical  etch  could  be  used  where  the  masking  re- 
gions  are  spaced  relatively  far  apart.  After  the  ex- 
posed  portions  of  metal  layer  28  are  removed,  as 
shown  in  FIG.  7,  the  entire  release  layer  26  is  re- 

moved  by  dissolving  the  release  material  by  using  a 
selective  wet  etchant.  This  will  remove  completely  the 
release  layer  26  and  concomitantly  "lift  off  the  re- 
mainder  of  the  unwanted  conductive  layer  28,  as  well 

5  as,  masking  regions  34  as  generally  shown  for  the 
field  emission  structure  40  of  FIG.  8. 

Referring,  in  particular,  now  to  FIG.  8,  the  field 
emission  structure  40  is  shown  having  the  field  emit- 
ters  30  and  field  emitter  tips  30'  disposed  within  aper- 

10  tures  1  5'  provided  in  stack  1  5.  Here  stack  1  5  includes 
two  insulating  layers  16  and  20  spacing  two  conduc- 
tive  layers  1  8  and  22,  as  shown  and  generally  descri- 
bed  above.  The  conductive  layer  18  is  connected  to 
a  control  terminal  44  using  conventional  approaches. 

15  Likewise,  conductive  layer  14  and  hence  cones  30  are 
connected  to  a  terminal  42  using  conventional  ap- 
proaches.  The  conductive  layer  18  has  peripheral 
portions  disposed  in  the  aperture  15'  adjacent  tips 
30'.  Such  edge  portions  of  the  conductive  layer  1  8  are 

20  used  to  provide  an  electric  field  between  the  edges  of 
the  layer  1  8  and  tips  30'  to  extract  electrons  from  the 
tips  30'  of  the  cone-shaped  emitters  30.  Thus,  a  po- 
tential  Vi  is  typically  applied  between  terminals  42 
and  44  to  permit  the  extraction  of  electrons  by  field 

25  emission  from  the  tips  30.  Edges  of  conductive  layer 
18  exposed  by  aperture  15'  thus  functions  here  as  a 
control  or  gate  electrode.  Typical  ranges  of  potential 
difference  between  terminals  42  and  44  are  50-100 
volts. 

30  The  third  optional,  and  preferred  conductive  layer 
22  is  disposed  over  the  second  conductive  layer  18. 
The  third  conductive  layer  22  here  is  provided  with  a 
potential  V2  in  the  range  of  0V  to  90V  with  respect  to 
terminal  42  to  confine  the  trajectories  of  the  emitted 

35  electrons  from  tip  30'  and  provide  a  more  collimated 
and  focused  beam  (not  shown).  Thus,  the  edges  of 
conductive  layer  22  exposed  by  apertures  15'  thus 
fonction  here  as  a  focusing  electrode  by  the  emitted 
electron  beam. 

40  The  electrons  emitted  from  tips  30'  are  thus  ac- 
celerated  or  drawn  towards  a  collection  electrode  52 
or  anode  which  is  coupled  to  a  terminal  58  disposed 
at  a  potential  V3  with  respect  to  terminal  42.  Here  ter- 
minal  58  is  generally  disposed  at  a  much  more  posi- 

45  tive  potential  than  terminal  42.  Preferred  or  typical 
ranges  for  V3  are  200V  to  1  0KV. 

Electrode  or  anode  52  may  be  any  one  of  a  num- 
ber  of  arrangements.  For  example,  if  apparatus  50  is 
a  display,  anode  52  will  have  a  substrate  portion  56 

so  here  a  glass  plate  which  has  disposed  thereon  a  very 
thin  conducting  layer  53,  as  well  as,  one  or  more  elec- 
troluminescence  layers  54  which  when  struck  by  elec- 
trons  from  the  field  emitter  tips  30  emit  photons  of  light 
energy.  In  general,  when  apparatus  50  is  a  display, 

55  the  anode  52  will  be  fabricated  using  conventional 
cathode  array  tube  manufacturing  technology.  The 
process  of  fabricating  the  anode  structure  52  and  hav- 
ing  electroluminescence  materials  disposed  over  a 

5 
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glass  substrate  is  generally  conventional.  Moreover, 
it  is  also  to  be  noted  that  the  apparatus  50  generally 
has  a  partially  or  substantially  completely  evacuated 
interior  portion  which  is  provided  using  conventional 
vacuum  sealing  techniques  which  are  also  well 
known.  Forapplications  other  than  those  pertaining  to 
the  use  of  the  cathode  in  a  flat  panel  display,  the  exact 
details  of  construction  would  be  now  apparent  to  one 
of  ordinary  skill  in  the  art. 

Referring  momentarily  to  FIG.  9,  the  field  emitter 
tips  30  are  shown  in  plan  view.  Here  it  is  to  be  under- 
stood  that  the  field  emitter  tips  30  may,  in  general, 
comprise  a  large  plurality  of  such  tips  and  further  op- 
tionally  the  exposed  layer  22,  as  well  as,  underlying 
layer  18  (FIG.  8)  may  be  selectively  etched  to  provide 
a  plurality  of  substantially  parallel  strip  conductor  por- 
tions  of  the  layers  1  8  and  24  connecting  groups  or  in- 
dividual  ones  of  such  field  emitting  tips  30'  to  permit 
individual  addressing  of  the  field  emitters  30  as  is 
generally  known,  as  well  as,  here  permit  individual  fo- 
cusing  of  the  field  emitters  30. 

Referring  now  to  FIG.  10,  an  alternate  embodi- 
ment  of  the  present  invention  is  shown.  Here  wedge 
emitters  130  having  sharp  raised  edges  130'  are 
shown  disposed  within  an  aperture  115'  provided  in  a 
stack  (not  numbered).  Here  the  wedge  emitters  are 
fabricated  using  the  same  techniques  as  discussed 
above  in  conjunction  with  FIGs.  1-8,  however,  the 
apertures  provided  in  the  stack  (not  shown)  are  gen- 
erally  rectangular  rather  than  circular  as  apertures  15' 
(FIGs.  1-6.)  Alternatively,  other  aperture  shapes  may 
also  be  used  to  provide  alternative  shapes  to  the  emit- 
ter  electrodes. 

Having  described  preferred  embodiments  of  the 
invention,  it  will  now  become  apparent  to  one  of  skill 
in  the  art  that  other  embodiments  incorporating  their 
concepts  may  be  used.  It  is  felt,  therefore,  that  these 
embodiments  should  not  be  limited  to  disclosed  em- 
bodiments,  but  rather  should  be  limited  only  by  the 
spirit  and  scope  of  the  appended  claims. 

Claims 

1  .  A  method  comprising  the  steps  of: 
providing  over  a  bottom  conductive  layer  a 

stack  of  at  least  one  insulating  layer  and  at  least 
one  conductive  layer; 

forming  a  plurality  of  apertures  through 
said  stack; 

depositing  a  release  material  over  said 
stack;  and 

directing  a  stream  of  metal  toward  said 
stack  to  permit  first  portions  of  the  stream  of  met- 
al  to  enter  the  plurality  of  apertures  providing  a 
corresponding  plurality  of  field  emitters  whereas 
second  portions  of  said  metal  coat  said  release 
material  and  gradually  build  up  on  said  release 

material  closing  the  apertures  disposed  in  said 
stack. 

2.  The  method,  as  recited  in  Claim  1,  further  com- 
5  prising  the  steps  of  providing  masked  regions 

over  the  plurality  of  apertures  disposed  through 
said  stack; 

removing  exposed  portions  of  the  layer  of 
metal  disposed  over  the  release  material;  and 

10  removing  the  release  layer  and  masked  re- 
gions  disposed  over  the  stack  leaving  behind  the 
field  emitters. 

3.  The  method,  as  recited  in  Claim  2,  further  com- 
15  prising  the  step  of: 

etching  back  selective  portions  of  the  insu- 
lating  layer  exposed  in  portions  of  said  plurality  of 
apertures  disposed  in  the  stack; 

20  4.  The  method,  as  recited  in  Claim  1,  wherein  the 
step  of  providing  the  stack  further  comprises  pro- 
viding  a  pair  of  insulating  layer  alternating  with  a 
pair  of  conductive  layer  over  the  bottom  conduc- 
tive  layer. 

25 
5.  The  method,  as  recited  in  Claim  4,  further  com- 

prising  the  steps  of  providing  masked  regions 
over  the  plurality  of  apertures  disposed  through 
said  stacks; 

30  removing  exposed  portions  of  the  layer  of 
metal  disposed  the  release  material;  and 

removing  the  release  layer  and  masked  re- 
gions  disposed  over  the  stack  leaving  behind 
field  emitters. 

35 
6.  The  method,  of  Claim  4,  further  comprising  the 

step  of  etching  back  selective  portions  of  the  in- 
sulating  layers  exposed  in  portions  of  said  plural- 
ity  of  apertures  disposed  through  the  stack. 

40 
7.  The  method,  as  recited  in  Claim  6,  wherein  the 

field  emitters  are  cones  having  field  emitter  tips. 

8.  The  method,  as  recited  in  Claim  6,  wherein  said 
45  field  emitters  are  wedges  having  raised  edges. 

9.  The  method,  as  recited  in  Claim  1,  wherein  the 
field  emitters  are  cones  having  field  emitter  tips. 

so  10.  The  method,  as  recited  in  Claim  1,  wherein  said 
field  emitters  are  wedges  having  raised  edges. 

11.  Afield  emission  apparatus  comprising: 
a  conductive  layer  supporting  a  plurality  of 

55  field  emitters;  and 
a  stack  of  alternating  layers  of  at  least  two 

conductive  layers  and  two  insulating  layers  dis- 
posed  on  said  conductive  layer. 

6 
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12.  The  apparatus,  as  recited  in  Claim  11,  wherein 
said  field  emitters  are  cones  having  field  emitting 
tips  with  the  tips  protruding  partially  through 
apertures  provided  in  the  first  conductive  layer 
and  with  said  first  conductive  layer  providing  a  5 
control  electrode  for  controlling  field  emission 
from  said  tips. 

13.  The  apparatus,  as  recited  in  Claim  12,  wherein 
said  second  conductive  layer  is  disposed  over  10 
said  first  conducting  layer  and  acts  as  a  focusing 
electrode  for  field  emitted  electrons  provided 
from  said  conducting  tips. 

14.  The  apparatus,  as  recited  in  Claim  11,  wherein  15 
said  field  emitters  are  wedges  having  field  emit- 
ting  raised  edges  with  the  raised  edges  protrud- 
ing  partially  through  apertures  provided  in  the 
first  conductive  layer  and  with  said  first  conduc- 
tive  layer  providing  a  control  electrode  for  control-  20 
ling  field  emission  from  said  raised  edges. 

15.  The  apparatus,  as  recited  in  Claim  12,  wherein 
said  second  conductive  layer  is  disposed  over 
said  first  conducting  layer  and  acts  as  a  focusing  25 
electrode  for  field  emitted  electrons  provided 
from  said  conducting  wedges. 

30 
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