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Description 

This  invention  relates  to  a  high-resolution  elec- 
tron  beam  lithography  apparatus  as  described  in  the 
first  part  of  claim  1  for  manufacturing  microcircuit- 
ry,  and  more  particularly  to  a  high-resolution  appa- 
ratus  for  pattemwise  exposing  a  surface  to  low  en- 
ergy  electrons. 

Photo-lithography  is  the  conventional  lithograph- 
ic  method  used  for  manufacturing  miniaturized  elec- 
tronic  circuits.  In  this  method,  a  photoresist  layer 
having  a  predetermined  thickness  is  deposited  upon 
a  surface,  usually  a  semiconductor  wafer  surface. 
The  deposited  resist  layer  then  is  pattemwise  ex- 
posed,  typically  by  irradiating  it  with  a  light  through 
a  mask  which  carries  the  pattern  of  the  circuitry  to 
be  formed.  The  exposed  resist  layer  is  then  devel- 
oped.  Photo-lithography  has  a  resolution  (the  small- 
est  size  which  can  be  defined)  limited  by  diffraction 
effects,  which  are  in  turn  related  directly  to  the 
wavelength  of  the  light  used  for  making  the  expo- 
sure. 

Higher  resolution  is  available  by  using  electron 
beam  lithography.  In  electron  beam  lithography,  a 
deposited  electron-sensitive  resist  layer  is  pattern- 
wise  exposed,  typically  using  a  scanning  electron 
beam  that  is  turned  on  and  off  so  as  to  form  an  expo- 
sure  image  in  the  resist  which  corresponds  to  the 
circuitry  desired.  The  electron  beam  exposed  resist 
is  then  developed.  In  scanning  electron  beam  lithog- 
raphy,  resolution  is  limited  chiefly  either  by  electron 
scattering  effects  in  the  material  being  irradiated  (if 
the  beam  diameter  is  small  enough)  or  by  the  diame- 
ter  of  the  electron  beam  (if  the  beam  diameter  is  too 
large). 

The  need  for  high-performance  integrated  cir- 
cuits,  memories  and  similar  devices  requires  ever 
finer  resolution  in  the  lithographic  processes.  Al- 
though  it  has  been  realized  in  theory  that  electron 
scattering  effects  may  be  reduced  by  lowering  the 
energy  of  the  electrons  in  an  electron  beam,  the  min- 
imum  achievable  beam  diameter  in  conventional  elec- 
tron  beam  machines  increases  as  the  energy  of  the 
electrons  in  the  beam  is  reduced  because  of  chro- 
matic  aberration  in  the  magnetic  and/or  electronic 
lenses,  among  other  causes.  Consequently,  as  the 
energy  of  the  electrons  in  a  conventional  electron 
beam  is  reduced,  the  resolution  actually  deterio- 
rates  rather  than  improves  as  a  result  of  the  in- 
creasing  beam  diameter,  even  though  electron  scat- 
tering  itself  becomes  less  of  problem. 

An  object  of  the  present  invention  is  to  provide 
an  improved  electron  beam  lithography  apparatus 
for  creating  an  exposure  pattern  having  unprece- 
dented  resolution  in  an  electron-sensitive  surface. 

This  is  accomplished  in  accordance  with  this  in- 
vention  and  as  described  in  the  second  part  of  claim 
1  by  pattemwise  treating  an  electron  sensitive  sur- 
face  to  a  high  resolution  pattern  of  low-energy  elec- 
trons  rather  than  high-energy  electrons. 

As  previously  pointed  out,  this  cannot  be  done 
with  conventional  electron  beam  apparatus,  since 
low-energy  electron  beams  cannot  be  focussed  to 
form  a  suitably  small  diameter  beam  of  practical 
electron  density.  In  accordance  with  this  invention, 

however,  a  small  area  of  the  electron  sensitive  sur- 
face  is  irradiated  with  low-energy  electrons  without 
any  need  to  do  focussing  by  emitting  the  low-energy 
electrons  from  a  pointed  electrode  and  positioning 

5  the  apex  of  the  pointed  electron-emitting  source 
suitably  close  to  the  surface  being  treated. 

An  electron-emitting  pointed  electrode  is  physi- 
cally  scanned  in  close  proximity  to  an  electron-sen- 
sitive  surface.  The  voltage  between  the  surface 

10  and  the  electron-emitting  point  is  maintained  at  less 
than  1000  volts  (preferably  less  than  10  volts)  so 
that  low-energy  electrons  are  emitted  from  the  point 
and  travel  towards  the  electron-sensitive  surface. 

When  the  separation  between  the  pointed  elec- 
15  trode  and  the  surface  being  treated  is  less  than 

about  1  nm,  the  electron  clouds  of  the  atoms  at  the 
apex  of  the  pointed  electrode  and  at  the  surface  op- 
posite  the  apex  touch,  and  a  tunnel  current  path  is 
established  between  the  apex  of  the  pointed  elec- 

20  trode  and  the  surface.  When  the  separation  is 
more  than  about  3  nm,  electrons  must  leave  the 
pointed  source  via  field  emission.  When  the  sepa- 
ration  is  between  about  1  and  3  nm,  both  current  ef- 
fects  are  experienced.  In  any  case,  the  area  of  the 

25  surface  receiving  the  electrons  has  a  diameter 
roughly  equal  to  the  distance  between  the  point 
source  of  the  electrons  and  the  target  surface. 

Low-energy  electrons  have  been  emitted  from  a 
point  electron  source  positioned  close  to  a  surface 

30  in  the  Scanning  Tunneling  Microscope,  described 
by  G.  Binnig  et  al.,  for  example,  in  the  article  enti- 
tled,  "Surface  Studies  by  Scanning  Tunneling  Mi- 
croscopy",  49  Phys.  Rev.  Lett.  57-61  (1982),  and  in 
the  article  entitled,  Tunneling  Through  a  Controlla- 

35  ble  Vacuum  Gap,"  40  Appl.  Phys.  Lett.  178-180 
(1982),  and  in  US-A-4,343,993.  Low-energy  elec- 
trons  have  also  been  emitted  from  a  point  electron 
source  positioned  close  to  a  surface  by  the  appara- 
tus  described  by  R.  D.  Young  in  "Field  Emission  Ul- 

40  tramicrometer",  37  Rev.  Sci.  Instrum.  275-278 
(1  966).  Certain  physical  parts  of  the  apparatus  de- 
scribed  in  these  references  also  may  be  used  (with 
modification)  to  practice  this  invention. 

While  it  may  be  observed  in  retrospect  that  these 
45  prior  art  devices  irradiate  a  small  surface  area  with 

low-energy  electrons,  these  devices  were  not  used 
to  do  lithography  but  rather  were  used  to  measure 
distance,  height  or  work  function.  In  the  present  in- 
vention  low-energy  electrons  are  being  applied  pat- 

50  ternwise  to  a  surface  which  is  electron-sensitive 
for  the  purpose  of  creating  a  corresponding  expo- 
sure  pattern.  The  specimen  being  irradiated  in  the 
prior  art  devices  was  not  electron-sensitive,  and 
the  irradiation  was  not  applied  in  a  pattern.  In  the 

55  prior  art  devices,  the  effect  that  the  proximate  sur- 
face  had  upon  the  emission  characteristics  of  the 
source  was  used  to  control  or  measure  the  position 
of  the  electron  source  with  respect  to  the  surface, 
or  for  the  purpose  of  measuring  the  position  or 

60  height  of  the  proximate  surface.  No  known  prior  art 
appears  to  use  a  point  electron  source  positioned 
very  close  to  a  surface  for  the  direct  purpose  of 
chemically  modifying  a  small  area  of  the  surface  it- 
self  with  low-energy  electrons  rather  than  detecting 

65  the  position  or  height  of  the  surface. 
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electron  gun  and  electrostatic  and/or  magnetic 
lenses  for  beam  deflection,  in  accordance  with  the 
present  invention  a  very  sharp  electrode  4  is 
brought  very  close  to  the  top  surface  5  of  resist 

5  layer  3.  The  distance  between  the  electrode  tip  and 
the  top  surface  5  may  be  on  the  order  of  one  to  ten 
nanometers,  for  example. 

To  generate  an  exposure  pattern  in  resist  layer  2 
corresponding,  to  the  circuitry  to  be  manufactured, 

10  electrode  4  is  scanned  across  layer  2.  The  scan- 
ning  may  be  done  either  in  a  raster  scan  mode  of  op- 
eration  or  in  a  vector  scan  mode  of  operation.  In  ei- 
ther  event,  the  dose  of  electrons  provided  by  elec- 
trode  4  to  the  layer  2  must  be  relatively  much 

15  greater  in  the  regions  of  layer  2  where  exposure  is 
desired  than  in  regions  where  exposure  is  not  de- 
sired.  Preferably  the  flow  of  low-energy  electrons 
is  completely  interrupted  while  the  electrode  scans 
across  an  area  where  no  exposure  is  desired.  As 

20  will  become  apparent,  however,  in  the  preferred 
mode  of  operation  the  separation  of  the  electrode 
and  surface  is  controlled  in  response  to  the  voltage 
and/or  current  flow  across  the  gap  between  the 
electrode  and  surface.  When  the  flow  of  low-ener- 

25  gy  electrons  is  interrupted,  the  separation  between 
the  electrode  and  the  surface  cannot  be  sensed  (at 
least  not  in  this  preferred  way).  Various  approach- 
es  can  be  used  to  overcome  this  conflict. 

One  possible  approach  (the  one  ordinarily  pre- 
30  ferred  and  the  one  shown  in  FIG.  3)  is  that  the  sepa- 

ration  sensing  be  done  only  during  such  times  that 
the  low-energy  electrons  are  flowing  and  that  at  oth- 
er  times  the  height  of  the  surface  and  therefore  the 
separation  is  assumed  to  be  constant.  It  is  possible 

35  also  to  gradually  withdraw  the  electrode  slowly  when 
electron  current  is  not  flowing  to  guard  against  the 
separation  becoming  too  small  accidentally  due  to  a 
gradual  increase  in  height  of  the  surface. 

Another  approach  is  to  reduce  the  electron  dose 
40  in  the  areas  where  exposure  to  electrons  is  not  de- 

sired  but  to  still  allow  electron  flow  for  the  purpose 
of  controlling  the  separation.  The  electron  dose 
can  be  lowered  to  a  value  which  is  the  effective 
equivalent  of  no  dose  in  several  different  ways. 

45  One  way  is  to  increase  the  scan  speed  when  the 
electrode  passes  over  areas  which  are  to  receive 
no  exposure.  At  a  higher  scan  velocity  the  electron 
dose  will  be  lowered  even  if  the  electron  flow  is  held 
constant  for  the  separation  control  system. 

50  Another  way  of  effectively  lowering  the  expo- 
sure  dose  in  the  regions  where  minimum  exposure  is 
desired  is  to  reduce  the  current  flow  to  a  lower  lev- 
el,  while  the  electrode  traverses  those  region  and 
simultaneously  effectively  modifying  the  separation 

55  control  system  during  these  times,  say  by  compen- 
sating  for  the  lower  signal  level  by  selectively  in- 
creasing  either  the  gain  or  changing  the  DC  offset 
of  the  amplifier  in  the  control  loop. 

In  theory  it  is  also  possible  to  withdraw  the 
60  electrode  tip  itself  to  reduce  the  exposure  dose. 

Since  the  electron  flow  will  then  be  spread  over  a 
larger  surface  area  when  the  electrode  to  surface 
separation  is  increased,  it  would  be  possible  to  thus 
reduce  the  dose  while  still  maintaining  the  same  total 

65  current  flow,  much  as  when  the  scan  speed  is 

Preferred  embodiments  of  the  invention  are  de- 
scribed  in  the  dependent  claims. 

One  preferred  embodiment  of  the  invention  will 
hereafter  be  described  by  way  of  example,  with  ref- 
erence  to  the  drawings  in  which: 

FIG.  1  schematically  shows  an  electron-emitting 
pointed  electrode  spaced  from  a  resist  layer  car- 
ried  by  a  substrate  which  has  been  coated  with  a 
layer  of  electrically  conductive  material; 

FIG.  2  shows  a  pointed  electrode  above  a  resist- 
coated  substrate  which  already  carries  a  conductor 
pattern  fabricated  in  an  earlier  process; 

FIG.  3  is  a  schematic  representation  of  appara- 
tus  for  carrying  out  the  method  of  this  invention. 

Referring  now  to  FIG.  1,  a  substrate  1  is  shown, 
which  may  be  a  semiconductor  chip,  for  example,  the 
surface  of  which  is  to  be  modified  so  as  to  yield  a  mi- 
cro-structure  of  electronic  circuitry.  The  contem- 
plated  modification  may  involve  etching,  diffusion 
of  dopants,  deposition  of  material,  etc.,  all  to  corre- 
spond  to  a  desired  pattern  as  dictated  by  the  elec- 
tronic  circuitry  or  material  characteristics  to  be 
generated.  Substrate  1  is  coated  with  a  conductive 
layer  2  which  in  turn  carries  a  resist  layer  3  which  is 
sensitive  to  irradiation  by  electrons.  Depending  up- 
on  the  particular  manufacturing  step  intended,  the 
resist  material  may  be  either  of  the  positive  or  the 
negative  type.  For  example  if  a  positive  resist  is 
used,  the  areas  thereof  irradiated  with  electrons 
will  polymerize.  This  enables  these  areas  to  remain 
on  the  substrate  after  the  development  process, 
while  the  areas  not  exposed  to  electrons  are  dis- 
solved,  thus  exposing  these  areas  to  the  next  manu- 
facturing  step,  such  as  etching. 

As  will  become  more  apparent  as  this  description 
proceeds,  the  resist  layer  3  will  be  patternwise  irra- 
diated  with  low-energy  electrons,  which  should  be 
able  to  travel  to  an  amplifier  for  control  of  the  sepa- 
ration  between  the  resist  layer  surface  and  the 
electrode  4.  Conductive  layer  2  may  serve  to  carry 
the  electron  current  to  a  conductive  lead  connected 
to  the  amplifier.  Layer  2  may  or  may  not  have  addi- 
tional  functions.  For  example,  layer  2  may  be  a  met- 
al  layer  intended  to  be  patterned  by  etching  using  a 
patterned  resist  layer  fabricated  in  accordance 
with  this  invention.  Alternatively  layer  2  could  be  a 
plating  base.  If  layer  2  is  not  needed  for  some  other 
purpose,  alternative  methods  of  getting  the  elec- 
tron  current  to  the  amplifier  could  be  used  in  place 
of  an  underlying  conductive  layer.  For  example,  a 
thin  conductive  layer  could  be  placed  on  top  of  the 
resist  instead  of  under  it.  If  the  conductive  layer  is 
thin  enough,  electrons  will  travel  through  the  thin 
conductive  layer  and  image  the  resist  under  it.  Al- 
ternatively,  the  conductive  layer  can  be  avoided 
entirely  if  either  the  resist  or  the  underlying  sub- 
strate  is  suitably  conductive.  Furthermore,  the 
conductive  layer  may  either  be  continuous,  as  illus- 
trated  in  FIG.  1,  or  patterned,  as  illustrated  in  FIG. 
2. 

In  contrast  to  the  conventional  method  of  irradiat- 
ing  the  resist  layer  3  with  electrons,  which  uses  ap- 
paratus  similar  to  an  electron  microscope  with  an 
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supported  from  a  common  frame  10  within  a  vacuum 
chamber  16.  Constant  source  18  maintains  either  a 
constant  voltage  or  a  constant  current  across  a 
small  gap  20  separating  the  electron  emitting  point 

5  source  4  and  the  workpiece  9  whenever  exposure 
is  desired.  The  flow  of  current  across  gap  20  is 
turned  off  and  on  via  a  switching  gate  enable  means 
22. 

In  the  preferred  constant  voltage  mode  of  opera- 
10  tion,  the  potential  of  electrode  4  is  maintained  by 

source  18  between  0.5  and  10  volts  negative  with  re- 
spect  to  the  potential  of  the  electron-sensitive 
workpiece  9  whenever  pattern  writing  is  done  (i.e. 
the  surface  of  workpiece  9  is  being  exposed  to  low- 

15  energy  electrons).  At  other  times  the  voltage 
across  gap  20  is  reduced  substantially  to  zero  so 
that  the  current  flow  across  gap  20  also  falls  to  sub- 
stantially  zero.  The  current  across  gap  20  is  contin- 
uously  sensed  by  an  amplifier  24  electrically  con- 

20  nected  to  the  electron  sensitive  surface  of  work- 
piece  9.  The  current  flow  sensed  by  amplifier  24  is 
a  measure  of  the  separation  between  electrode  4 
and  workpiece  9  when  the  electrode  4  is  energized 
by  source  18  via  gate  22. 

25  The  pattern  to  be  written  is  stored  in  a  computer 
30,  which  includes  a  pattern  generator  32.  Pattern 
generator  32  converts  the  stored  pattern  into  a  sig- 
nal  on  line  36  that  is  correlated  with  scan  signals 
from  scan  generator  34  on  lines  38.  Lines  38  repre- 

30  sent  separate  signal  lines  for  X  and  Y  scan  signals. 
The  signals  are  related  such  that  a  desired  pattern 
is  generated  by  turning  on  a  writing  or  exposure 
mechanism  in  accordance  with  the  signal  on  line  36 
at  a  position  determined  by  the  scan  signals  on  lines 

35  38.  Apparatus  which  performs  this  function  is  well 
known  since  the  same  function  is  performed  when- 
ever  a  pattern  is  generated  by  a  computer  whether 
it  is  to  form  an  image  on  a  display  or  an  exposure 
pattern  with  conventional  electron  beam  exposure 

40  pattern.  The  signals  on  lines  36,  38  may  be  formed 
in  any  known  conventional  manner. 

The  scan  generator  signals  are  used  to  mechani- 
cally  scan  the  position  of  the  electrode  4  with  re- 
spect  to  the  workpiece  9  via  drives  14.  The  pattern 

45  generator  signal  is  used  to  turn  the  current  flow 
mechanism  across  gap  20  on  and  off  in  accordance 
therewith  and  also  to  disable  any  change  in  the  Z  po- 
sition  of  the  electrode  4  whenever  the  current  flow 
across  gap  20  is  interrupted.  The  pattern  generator 

50  signal  on  line  36  is  used  to  control  the  enable  gate 
22  so  that  source  18  causes  flow  of  current  across 
gap  20  only  during  such  times  that  exposure  of 
workpiece  9  is  desired.  Simultaneously,  the  pattern 
generator  signal  is  used  to  control  a  sample  and 

55  hold  circuit  means  26  so  as  to  enable  the  feedback 
signal  from  amplifier  24  to  be  used  only  when  cur- 
rent  flow  across  gap  20  is  enabled  by  gate  22. 
Whenever  gate  22  interrupts  flow  of  current 
across  gap  20,  sample  and  hold  circuit  26  maintains 

60  the  last  current  value  sensed  by  amplifier  24,  which 
is  a  direct  (though  inverse)  measure  of  the  separa- 
tion  between  electrode  4  and  workpiece  9.  Separa- 
tion  control  unit  40  responds  to  the  sensed  separa- 
tion  between  electrode  4  and  workpiece  9  and  con- 

65  trols  the  Z  position  of  electrode  4  via  drive  12  in 

changed  to  accomplish  a  similar  effect.  It  is  also 
possible  to  reduce  the  total  current  flow  simulta- 
neously  and  to  electronically  compensate  for  the 
change  in  the  sensed  signal  level  as  previously  de- 
scribed. 

In  contrast  to  conventional  electron  beam  lithog- 
raphy  apparatus  where  an  electron  beam  is 
scanned  across  a  surface  by  deflecting  the  beam 
with  a  magnetic  or  electric  field,  in  apparatus  in  ac- 
cordance  with  this  invention  the  electron  emitting 
source  itself  is  mechanically  scanned.  Electrode  4 
is  mechanically  scanned  across  the  resist  layer  3 
by  physically  moving  the  electrode  in  the  X-Y  direc- 
tions  relative  to  the  layer.  The  position  of  the  elec- 
trode  in  the  Z  direction  relative  to  the  surface  must 
also  be  controlled.  It  should  be  apparent  that  either 
the  electrode  can  be  moved  or  the  surface  can  be 
moved  or  both.  Mechanical  drive  mechanisms  suit- 
able  for  accomplishing  this  are  well  known  in  the  art 
and  do  not  form  a  part  of  the  present  invention.  Yet 
to  ease  understanding,  a  brief  description  of  a  pre- 
ferred  embodiment  of  the  mechanical  scanning  sys- 
tem  will  be  described. 

Since  a  semiconductor  wafer  typically  has  a  diam- 
eter  between  2.5  and  25  cm,  while  the  conductors, 
transistors,  resistors  and  other  structures  which 
one  might  like  to  create  on  the  semiconductor  wafer 
might  have  an  intended  minimum  size  on  the  order  of 
tens  of  nanometers,  the  scanning  system  should 
have  a  range  on  the  order  of  10  cm  with  a  desired 
resolution  of  about  1  nm.  To  meet  these  require- 
ments,  separate  mechanical  positioners  must  be 
used  to  provide  large  and  small  motions.  Any  simple 
or  convenient  coarse  positioning  mechanism  can  be 
used,  such  as  for  example  lead  screws.  Fine  X-Y 
positioners  which  meet  these  requirements  also 
have  been  described  in  the  prior  art,  such  as  the 
one  shown  in  IBM  Technical  Disclosure  Bulletin, 
Vol.  26,  No.  10A,  March  1984,  p.  4898-99  or  in  the 
Binnig  references  cited  earlier.  These  and  other 
similar  fine  positioners  employ  piezoelectric  ele- 
ments  which  undergo  minute  contractions  or  expan- 
sions  in  response  to  the  application  of  potentials  to 
electrodes  arranged  on  opposite  sides  of  these  ele- 
ments. 

In  carrying  out  the  method  described  above,  it  is 
rather  important  to  maintain  the  electron  emitting 
point  4  at  an  essentially  constant  distance  from  the 
surface  5  of  electron-sensitive  layer  3.  As  already 
described,  the  distance  between  the  surface  5  and 
the  electrode  4  is  preferably  on  the  order  of  nano- 
meters.  It  is  generally  known  in  the  art  of  scanning 
tunneling  microscopy  (for  example  from  the  Binnig 
references  previously  cited)  how  to  control  the  dis- 
tance  or  separation  between  a  pointed  electron  emit- 
ting  tip  and  a  closely  adjacent  surface  by  monitoring 
the  electron  current  flowing  between  the  electrode 
and  the  surface  or  the  voltage  therebetween,  and 
using  the  monitored  variable  to  control  a  servo- 
mechanism,  such  as  a  piezoelectric  drive. 

Referring  now  specifically  to  FIG.  3,  a  coarse 
drive  means  1  1  carries  and  is  used  to  coarsely  posi- 
tion  a  workpiece  9  having  an  electron-sensitive  top 
surface.  A  fine  Z-direction  drive  12,  fine  X-Y  di- 
rection  drives  14  and  the  coarse  drives  11  are  all 
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As  mentioned  earlier,  the  minimum  line  width 
achievable  depends  on  the  separation  between  the 
electrode  4  and  the  surface  of  substrate  1.  The 
thickness  of  an  electron-sensitive  layer  on  a  sub- 

5  strate  also  may  affect  the  minimum  achievable  line 
width.  Any  conventional  method  of  forming  a  thin 
electron-sensitive  layer  on  a  substrate  may  be 
used.  It  is  possible,  for  example,  to  form  a  pinhole- 
free  polymer  film  of  about  10  nm  thickness  by  irradi- 

10  ating  monomer  layers  with  ultraviolet  light.  The 
monomer  film  can  be  deposited  upon  the  surface  of 
a  substrate  from  a  gas  containing  organic  vapor. 
Photo  resist  layers  from  1  to  10  molecular  layers  in 
thickness  also  can  be  formed  by  the  classical  Lang- 

15  muir-Blodgett  process,  which  consists  of  spreading 
a  monolayer  of  polymer  molecules  on  an  aqueous 
surface,  compressing  the  monolayer  into  a  compact 
floating  film,  and  transferring  it  to  the  substrate  by 
passing  the  substrate  through  the  water  surface. 

response  thereto  so  as  to  maintain  a  substantially 
constant  separation.  Control  systems  which  accom- 
plish  this  function  were  described,  for  example,  by 
Binnig  in  the  references  cited  earlier. 

In  view  of  the  fact  that  electrode  4  is  scanned 
over  the  workpiece  surface  at  a  separation  possi- 
bly  in  the  nanometer  range,  and  that  the  resolution 
attainable  with  a  piezoelectric  X-Y  translation  mech- 
anism  also  is  on  the  same  order  of  magnitude,  it  is  im- 
portant  that  the  electrode  4  and  the  workpiece  9  be 
isolated  from  external  sound  and  vibration.  This 
may  be  achieved,  for  example  by  mounting  every- 
thing  inside  of  vacuum  chamber  1  6  on  a  damped  sus- 
pension  apparatus  42.  The  damped  suspension  ap- 
paratus  may  simply  consist  of  a  stack  of  plates  44 
separated  by  elastic  members  46.  In  order  to  pro- 
vide  for  absorption  of  vibrations  of  different  fre- 
quencies,  the  cross-sections  and/or  elasticities  of 
the  elastic  members  46  may  vary  along  the  stack. 
After  the  workpiece  9  with  an  electron-sensitive 
surface  has  been  pattemwise  exposed  to  low-ener- 
gy  electrons  so  as  to  create  an  exposure  pattern  in 
the  surface,  it  may  be  further  processed  by  any  of 
the  existing  lithographic  techniques.  If  the  electron- 
sensitive  surface  is  a  resist  surface,  the  exposure 
pattern  ordinarily  would  be  developed  into  a  physi- 
cal  relief  pattern  in  some  conventional  fashion, 
such  as  by  contacting  the  surface  with  a  developer 
solution.  The  developed  relief  pattern  can  be  used 
for  any  conventional  purpose,  such  as  for  ion  etch- 
ing  of  material  which  lies  under  the  relief  pattern  or 
for  lift-off  of  a  layer  deposited  over  the  relief  pat- 
tern.  It  is  also  possible  to  manufacture  multiiayered 
structures  by  repeating  the  individual  process 
steps. 

In  comparison  to  conventional  electron  beam 
techniques,  the  apparatus  in  accordance  with  this 
invention  requires  only  very  low  electron  energies, 
which  leads  to  very  small  line  widths.  For  example, 
if  an  electron  energy  of  some  tens  of  eV  is  needed 
to  expose  an  electron  sensitive  photoresist,  then  a 
line  width  of  only  a  few  nanometers  can  be  pro- 
duced,  which  is  considerably  smaller  than  can  be  ob- 
tained  with  conventional  electron  beam  lithography 
at  the  present  time. 

It  will  be  clear  to  those  skilled  in  the  art  that  the 
apparatus  in  accordance  with  this  invention  is  com- 
patible  with  existing  image  registration  techniques  in 
which  a  structure  or  structures  already  present  on 
the  substrate  can  be  located  by  using  an  electron 
emitting  probe,  and  then  employing  the  same  probe 
to  define  an  image  in  an  electron  sensitive  layer  for 
a  subsequent  manufacturing  step. 

FIG.  2  shows  a  semiconductor  wafer  substrate  1 
with  several  conductive  lines  6  of  a  circuit  pattern 
and  a  conductive  alignment  mark  7,  all  manufac- 
tured  in  previous  steps.  Substrate  1  and  conductive 
line  6  have  then  been  covered  with  a  photoresist 
layer  8.  By  applying  a  potential  between  the  align- 
ment  mark  7  and  the  electron  emitting  pointed  elec- 
trode  4,  it  will  be  possible  to  precisely  register  the 
semiconductor  wafer  with  nanometer  accuracy  by 
detecting  the  electron  current  flowing  from  elec- 
trode  4  to  mark  7  as  electrode  4  scans  across  the 
mark  7. 

20 

Claims 

1.  Low-energy  electron  beam  lithographic  expo- 
25  sure  apparatus,  comprising: 

a  pointed  electrode; 
a  workpiece  spaced  from  said  electrode  and  having 
an  electron  sensitive  surface  facing  said  elec- 
trode,  characterized  by 

30  means  (18,  22)  providing  a  flow  of  low-energy  elec- 
trons  from  said  electrode  4  to  said  spaced  work- 
piece  (9); 
means  (11,  12,  14)  for  mechanically  scanning  said 
pointed  electrode  (4)  with  respect  to  said  workpiece 

35  (9),  whereby  the  apex  of  the  pointed  electrode  (4)  is 
suitably  close  to  the  surface  of  the  workpiece  (9)  to 
be  treated  so  that  there  is  no  need  to  do  focussing 
of  the  electron  flow  and 
means  (30)  for  patterning  the  flow  of  electrons  to 

40  said  workpiece  (9)  while  scanning  said  electrode  (4) 
with  respect  to  said  workpiece  (9)  so  as  to  pattern- 
wise  expose  said  electron-sensitive  surface  (5). 

2.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1  ,  characterized  in  that  said  workpiece 

45  (9)  is  spaced  from  said  electrode  (4)  by  a  distance 
less  than  1000  nanometers. 

3.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1,  characterized  in  that  said  workpiece 
(9)  is  spaced  from  said  electrode  (4)  by  a  distance 

50  less  than  1  00  nanometers. 
4.  Low-energy  electron  beam  apparatus  as  de- 

fined  in  claim  1,  characterized  in  that  said  workpiece 
(9)  is  spaced  from  said  electrode  (4)  by  a  distance 
less  than  10  nanometers. 

55  5.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1,  characterized  in  that  said  workpiece 
(9)  is  spaced  from  said  electrode  (4)  by  a  distance 
of  about  1  nanometer. 

6.  Low-energy  electron  beam  apparatus  as  de- 
60  fined  in  claim  1,  characterized  in  that  said  electron- 

sensitive  surface  (5)  is  the  surface  of  a  resist  lay- 
er  (3). 

7.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1,  characterized  in  that  said  means 

65  (30)  for  patterning  comprises  means  (32)  for  con- 



EP  0  200  083  B1 10 

trolling  said  means  (18,  22)  providing  flow  of  low-en- 
ergy  electrons. 

8.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1,  characterized  in  that  said  means 
(30)  for  patterning  comprises  means  (12,  22)  for  se- 
lectively  reducing  the  flow  of  low-energy  electrons 
to  said  work-piece  (9). 

9.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  8,  characterized  in  that  said  means 
(12,  22)  for  selectively  reducing  the  flow  of  low-en- 
ergy  electrons  to  said  workpiece  (9)  comprises 
means  (12,  40)  for  selectively  withdrawing  said 
pointed  electrode  (4)  away  from  said  workpiece  (9). 

10.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  8,  characterized  in  that  said  means 
(30)  for  patterning  comprises  means  (22)  for  selec- 
tively  reducing  the  voltage  applied  between  said 
electrode  (4)  and  said  workpiece  (9)  during  such 
times  that  the  flow  of  low-energy  electrons  to  said 
workpiece  (9)  is  to  be  reduced. 

11.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1,  characterized  in  that  said  means 
(30)  for  patterning  comprises  means  (22)  for  selec- 
tively  interrupting  the  flow  of  low-energy  electrons 
to  said  work-piece  (9). 

12.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1  1  ,  characterized  in  that  said  means 
(18,  22)  providing  the  flow  of  low-energy  electrons 
comprises  voltage  source  means  (18)  electrically 
connected  between  said  electrode  (4)  and  said 
workpiece  (9),  except  during  such  times  that  flow  of 
low-energy  electrons  to  said  workpiece  (9)  is  inter- 
rupted. 

13.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  1,  characterized  in  that  the  separation 
between  said  electrode  (4)  and  said  workpiece  (9)  is 
maintained  substantially  constant. 

14.  Low-energy  electron  beam  apparatus  as  de- 
fined  in  claim  13,  characterized  by  a  feedback  con- 
trol  circuit  (24,  26)  operable  during  the  time  that  the 
flow  of  electrons  is  not  interrupted. 

Patentanspriiche 

1.  Mit  einem  niederenergetischen  Elektronen- 
strahl  arbeitendes  Lithographiegerat  mit  einer  spit- 
zen  Elektrode  und  einem  von  der  Elektrode  entfern- 
ten  Werkstuck  mit  einer  gegen  diese  gerichteten, 
fur  Elektronen  empfindlichen  Oberflache,  gekenn- 
zeichnet  durch 

-  eine  Vorrichtung  (18,  22)  zum  Abgeben  eines 
Flusses  niederenergetischer  Elektronen  von  der 
Elektrode  (4)  an  das  entfernte  Werkstuck  (9); 
-  Mittel  (11,  12,  14)  zum  mechanischen  Abtasten 
des  genannten  Werkstucks  (9)  mit  der  spitzen 
Elektrode  (4),  wobei  der  Apex  der  spitzen  Elek- 
trode  (4)  in  geeigneter  Weise  nahe  der  Oberfla- 
che  des  zu  behandelnden  Werkstucks  (9)  gehal- 
ten  ist,  so  daB  keine  Fokussierung  des  Elektro- 
nenflusses  erforderlich  ist; 
-  Mittel  (30)  zum  Mustersteuern  des  Elektronen- 
flusses  wahrend  des  Abtastens  des  Werkstucks 
(9)  mit  der  Elektrode  (4),  um  die  genannte,  fur 
Elektronen  empfindliche  Oberflache  (5)  muster- 
gerecht  zu  exponieren. 

2.  Mit  einem  niederenergetischen  Elektronen- 
strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  das  Werkstuck  (9)  von 
der  genannten  Elektrode  (4)  einen  Abstand  von  we- 

5  niger  als  1000  Nanometer  hat. 
3.  Mit  einem  niederenergetischen  Elektronen- 

strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  das  genannte  Werk- 
stuck  (9)  von  der  genannten  Elektrode  (4)  einen  Ab- 

1  0  stand  von  weniger  als  1  00  Nanometer  hat. 
4.  Mit  einem  niederenergetischen  Elektronen- 

strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  das  genannte  Werk- 
stuck  (9)  von  der  genannten  Elektrode  (4)  einen  Ab- 

1  5  stand  von  weniger  als  1  0  Nanometer  hat. 
5.  Mit  einem  niederenergetischen  Elektronen- 

strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  das  genannte  Werk- 
stuck  (9)  von  der  genannten  Elektrode  (4)  einen  Ab- 

20  stand  von  etwa  1  Nanometer  hat. 
6.  Mit  einem  niederenergetischen  Elektronen- 

strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  die  genannte,  fur  Elek- 
tronen  empfindliche  Oberflache  (5)  die  Oberflache 

25  einer  Photolackschicht  (3)  ist. 
7.  Mit  einem  niederenergetischen  Elektronen- 

strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  die  genannten  Mittel 
(30)  zum  Mustersteuern  Mittel  (32)  zum  Steuern 

30  der  den  FluB  niederenergetischer  Elektronen  abge- 
benden  Vorrichtung  (18,  22)  aufweisen. 

8.  Mit  einem  niederenergetischen  Elektronen- 
strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  die  genannten  Mittel 

35  (30)  zum  Mustersteuern  Mittel  (11,  12)  zum  selekti- 
ven  Herabsetzen  des  niederenergetischen  Elektro- 
nenflusses  zum  Werkstuck  (9)  aufweisen. 

9.  Mit  einem  niederenergetischen  Elektronen- 
strahl  arbeitendes  Gerat  gemaB  Anspruch  8,  da- 

40  durch  gekennzeichnet,  daB  die  genannten  Mittel  (11, 
12)  zum  selektiven  Herabsetzen  des  niederenergeti- 
schen  Elektronenflusses  zum  Werkstuck  (9)  Mittel 
(12,  40)  zum  selektiven  Entfernen  der  spitzen  Elek- 
trode  (4)  vom  Werkstuck  aufweisen. 

45  10.  Mit  einem  niederenergetischen  Elektronen- 
strahl  arbeitendes  Gerat  gemaB  Anspruch  8,  da- 
durch  gekennzeichnet,  daB  die  genannten  Mittel 
(30)  zum  Mustersteuern  Mittel  (22)  aufweisen  zum 
selektiven  Herabsetzen  der  zwischen  der  genann- 

50  ten  Elektrode  (4)  und  dem  Werkstuck  (9)  angeleg- 
ten  Spannung  (9)  wahrend  der  Zeiten,  in  denen  der 
FluB  der  niederenergetischen  Elektronen  zum 
Werkstuck  (9)  herabgesetzt  werden  muB. 

11.  Mit  einem  niederenergetischen  Elektronen- 
55  strahl  arbeitendes  Gerat  gemaB  Anspruch  1,  da- 

durch  gekennzeichnet,  daB  die  genannten  Mittel 
(30)  zum  Mustersteuern  Mittel  (22)  zum  selektiven 
Unterbrechen  des  niederenergetischen  Elektronen- 
flusses  zum  Werkstuck  (9)  aufweisen. 

60  12.  Mit  einem  niederenergetischen  Elektronen- 
strahl  arbeitendes  Gerat  gemaB  Anspruch  11,  da- 
durch  gekennzeichnet,  daB  die  genannte  Vorrich- 
tung  (18,  22)  zum  Abgeben  des  Flusses  niederener- 
getischer  Elektronen  eine  zwischen  die  genannte 

65  Elektrode  (4)  und  das  genannte  Werkstuck  (9)  ein- 
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sin  comprennent  des  moyens  (32)  pour  commander 
lesdits  moyens  (18,  22)  engendrant  le  flux  d'elec- 
trons  de  basse  energie. 

8.  Appareil  a  faisceau  d'electrons  de  basse  ener- 
gie  suivant  la  revendication  1,  caracterise  en  ce 
que  lesdits  moyens  (30)  pour  la  formation  d'un  des- 
sin  comprennent  des  moyens  (12,  22)  pour  reduire 
selectivement  le  flux  d'electrons  de  basse  energie 
vers  ladite  piece  a  traiter  (9). 

9.  Appareil  a  faisceau  d'electrons  de  basse  ener- 
gie  suivant  la  revendication  8,  caracterise  en  ce 
que  lesdits  moyens  (12,  22)  pour  reduire  selective- 
ment  le  flux  d'electrons  de  basse  energie  vers  ladite 
piece  a  traiter  (9)  comprend  des  moyens  (12,  40) 
pour  eloigner  s&ectivement  ladite  electrode  pointue 
(4)  de  ladite  piece  a  traiter  (9). 

10.  Appareil  a  faisceau  d'electrons  de  basse 
energie  suivant  la  revendication  8,  caracterise  en 
ce  que  lesdits  moyens  (30)  pour  ia  formation  d'un 
dessin  comprennent  des  moyens  (22)  pour  reduire 
selectivement  la  tension  appliquee  entre  ladite  elec- 
trode  (4)  et  ladite  piece  a  traiter  (9)  pendant  les 
periodes  ou  le  flux  d'electrons  de  basse  energie 
vers  ladite  piece  a  traiter  (9)  doit  etre  reduit. 

11.  Appareil  a  faisceau  d'electrons  de  basse  ener- 
gie  suivant  la  revendication  1,  caracteris§  en  ce 
que  lesdits  moyens  (30)  pour  la  formation  d'un  des- 
sin  comprennent  des  moyens  (22)  pour  interrompre 
selectivement  le  flux  d'electrons  de  basse  energie 
vers  ladite  piece  a  traiter  (9). 

12  .  Appareil  a  faisceau  d'electrons  de  basse 
energie  suivant  la  revendication  11,  caracterise  en 
ce  que  lesdits  moyens  (18,  22)  engendrant  le  flux 
d'electrons  de  basse  energie  comprennent  une 
source  de  tension  (18)  electriquement  connected  en- 
tre  ladite  electrode  (4)  et  ladite  piece  a  traiter  (9), 
sauf  pendant  les  periodes  ou  le  flux  d'electrons  de 
basse  energie  vers  ladite  piece  a  traiter  (9)  est  in- 
terrompu. 

13.  Appareil  a  faisceau  d'electrons  de  faible  Ener- 
gie  suivant  la  revendication  1,  caracterise  en  ce 
que  la  separation  entre  ladite  electrode  (4)  et  ladite 
piece  a  traiter  (9)  est  maintenue  sensiblement  cons- 
tants. 

14.  Appareil  a  faisceau  d'electrons  de  basse 
energie  suivant  la  revendication  13,  caracterise  par 
un  circuit  de  commande  de  reaction  (24,  26)  agis- 
sant  pendant  la  periode  0C1  le  flux  d'electrons  n'est 
pas  interrompu. 

geschaltete  Spannungsquelle  (18)  aufweist,  auBer 
wahrend  der  Zeiten,  in  denen  der  FluB  der  nieder- 
energetischen  Elektronen  zu  dem  genannten  Werk- 
stuck  (9)  unterbrochen  ist. 

13.  Mit  einem  niederenergetischen  Elektro-  5 
nenstrahl  arbeitendes  Gerat  gemaB  Anspruch  1  ,  da- 
durch  gekennzeichnet,  daB  der  Abstand  zwischen 
der  genannten  Elektrode  (4)  und  dem  genannten 
Werkstuck  im  wesentlichen  konstant  gehalten  wird. 

14.  Mit  einem  niederenergetischen  Elektro-  10 
nenstrahl  arbeitendes  Gerat  gemaB  Anspruch  13, 
gekennzeichnet  durch  eine  Ruckkopplungsschal- 
tung  (24,  26),  die  wahrend  der  Zeit  arbeitet,  in  der 
der  ElektronenfluB  nicht  unterbrochen  ist. 

15 
Revendications 

1.  Appareil  d'exposition  lithographique  par  fais- 
ceau  d'electrons  de  basse  Energie,  comprenant: 

une  electrode  pointue;  20 
une  piece  a  traiter  espacee  de  ladite  electrode  et 
ayant  une  surface  sensible  aux  electrons  en  face 
de  ladite  electrode,  caracterise  en  ce  qu'il  com- 
prend: 
des  moyens  (18,  22)  engendrant  un  flux  d'elec-  25 
trans  de  basse  inergie  de  ladite  electrode  (4)  a 
ladite  piece  espacee  (9); 
des  moyens  (11,  12;  14)  pour  balayer  mecanique- 
ment  ladite  electrode  pointue  (4)  par  rapport  a  la- 
dite  piece  a  traiter  (9),  le  sommet  de  I'electrode  30 
pointue  (4)  etant  suffisamment  pres  de  la  surface 
de  la  piece  a  traiter  (9)  de  sorte  qu'il  n'est  pas  ne- 
cessaire  de  focaliser  le  flux  d'electrons;  et 
des  moyens  (30)  pour  que  le  flux  d'electrons  sui- 
ve  un  dessin  determine  vers  ladite  piece  (9)  pen-  35 
dant  le  balayage  de  ladite  electrode  (4)  par  rap- 
port  a  ladite  piece  (9),  de  fagon  a  exposer  ladite 
surface  sensible  aux  electrons  (5)  suivant  un 
dessin. 
2.  Appareil  a  faisceau  d'electrons  de  basse  ener-  40 

gie  suivant  la  revendication  1,  caracterise  en  ce 
que  ladite  piece  a  traiter  (9)  est  espacee  de  ladite 
electrode  (4)  d'une  distance  inferieure  a  1  000  nano- 
metres. 

3.  Appareil  a  faisceau  d'electrons  de  basse  ener-  45 
gie  suivant  la  revendication  1,  caracterise  en  ce 
que  ladite  piece  a  traiter  (9)  est  espacee  de  ladite 
electrode  (4)  d'une  distance  inferieure  a  100  nano- 
metres. 

4.  Appareil  a  faisceau  d'electrons  de  basse  ener-  50 
gie  suivant  la  revendication  1,  caracterise  en  ce 
que  ladite  piece  a  traiter  (9)  est  espacee  de  ladite 
Electrode  (4)  d'une  distance  inferieure  a  10  nanome- 
tres. 

5.  Appareil  a  faisceau  d'electrons  de  basse  ener-  55 
gie  suivant  la  revendication  1,  caracterise  en  ce 
que  ladite  piece  a  traiter  (9)  est  espacee  de  ladite 
electrode  (4)  d'une  distance  de  1  nanometre  environ. 

6.  Appareil  a  faisceau  d'electrons  de  basse  ener- 
gie  suivant  la  revendication  1,  caracterise  en  ce  60 
que  ladite  surface  sensible  aux  electrons  (5)  est  la 
surface  d'une  couche  lithographique  (3). 

7.  Appareil  a  faisceau  d'electrons  de  basse  ener- 
gie  suivant  la  revendication  1,  caracterise  en  ce 
que  lesdits  moyens  (30)  pour  la  formation  d'un  des-  65 
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