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(§4)  A  process  for  forming  a  pattern. 

@  A  fine  pattern  having  a  high  aspect  ratio  is  precisely  formed 
using  a  focused-ion  beam  system  (10)  by  depositing  a  pattern 
using  an  ion  beam  and  a  reactive  gas,  detecting  an  image  of  the 
deposited  pattern  with  the  ion  beam  in  the  absence  of  the  gas, 
comparing  the  image  of  the  deposited  pattern  with  data  of  a 
required  pattern  to  be  formed,  and  removing  any  excess  portion 
of  the  dposited  pattern  again  by  use  of  the  ion  beam.  If 
necessary,  depositing  a  further  portion  is  deposited  and  the 
removal  step  is  repeated.  The  deposited  pattern  removal  step 
sharpens  up  the  aspect  ratio  of  the  deposited  pattern  and 
reduces  its  line  width. 
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Description 

A  Process  For  Forming  A  Pattern 

The  present  invention  relates  to  a  process  for 
forming  a  pattern.  More  specifically,  the  present 
invention  relates  to  a  process  for  forming  a  fine  5 
pattern,  such  as  that  of  an  X-ray  mask  or  of  wiring  of 
an  integrated  circuit,  which  requires  a  high  aspect 
ratio,  by  a  focused-ion  beam  (FIB)  technology. 

X-ray  lithography,  in  which  an  X-ray  resist  is 
exposed  and  developed  with  an  X-ray  having  a  10 
wavelength  of  several  angstroms,  is  suitable  for 
forming  a  fine  pattern  because  X-rays  have  a  short 
wavelength  and  do  not  cause  significant  diffraction 
or  interference  effects. 

One  way  of  forming  a  fine  pattern  is  to  scan  an  ion  15 
beam  over  a  substrate  in  a  reactive  gas  atmosphere. 
The  reactive  gas  is  adsorbed  onto  the  substrate  and 
under  the  effect  of  the  ion  beam  reacts  to  deposit  a 
film  of  material  such  as  a  heavy  metal  in  the  region 
scanned  by  the  ion  beam.  20 

JP-A-62-195662,  discloses  a  process  forforming  a 
pattern  by  ion  beam  assisted  deposition.  The 
deposited  pattern  then,  in  a  subsequent  step,  has 
excess  portions  removed  by  an  ion  beam  etching 
step.  25 

JP-A-61  -123843,  discloses  an  ion  beam  assisted 
deposition  in  which  the  density  of  the  irradiated  ion 
beam  is  regulated  by  controlling  the  amount  or  a 
power  of  the  ion  beam  irradiation  in  accordance  with 
the  area  to  be  irradiated.  30 

According  to  a  first  aspect  of  this  invention  a 
process  for  forming  a  fine  pattern  by  a  focused-ion 
beam  (FIB)  system,  comprises  the  steps  of: 

A)  mounting  a  sample  in  the  FIB  system; 
B)  scanning  an  ion  beam  having  a  first  35 

scanning  condition  over  the  sample  whilst 
supplying  a  reaction  gas  to  deposit  a  material 
from  the  reaction  gas  onto  the  sample,  the 
deposited  material  forming  a  deposited  pattern; 
and,  40 

C)  repeating  a  cycle  of  the  following  steps 
until  the  desired  pattern  is  obtained: 

i)  scanning  an  ion  beam  having  a  second 
scanning  condition  over  the  periphery  of 
the  deposited  pattern  to  acquire  an  image  45 
of  the  pattern; 

ii)  comparing  the  acquired  image  of  the 
deposited  pattern  with  a  desired  pattern  to 
detect  any  excess  portion  of  the  deposited 
pattern  which  should  be  removed  ;  and,  50 

iii)  scanning  an  ion  beam  having  a  third 
scanning  condition  over  any  excess  por- 
tion  of  the  deposited  pattern  to  remove  at 
least  a  part  of  it,  wherein  the  steps  B)  and 
C)  are  carried  out  in  the  FIB  system.  55 

According  to  a  second  aspect  of  this  invention  a 
process  for  forming  a  pattern  by  a  focused-ion  beam 
(FIB)  system,  comprises  the  steps  of: 
mounting  a  sample  including  a  substrate  and  a  first 
pattern  on  the  substrate  in  the  FIB  system,  the  first  60 
pattern  having  a  first  portion  which  is  to  be  removed; 
scanning  an  ion  beam  having  a  first  scanning 
condition  over  the  first  pattern  to  acquire  an  image 

of  the  first  pattern; 
comparing  the  acquired  image  of  the  first  pattern 
with  a  desired  pattern  of  the  first  pattern  to  detect 
the  first  portion  of  the  first  pattern  to  be  removed; 
and, 
scanning  an  ion  beam  having  a  second  scanning 
condition  over  the  first  portion  of  the  first  pattern  to 
remove  at  least  a  part  of  it. 

Particular  examples  of  processes  in  accordance 
with  this  invention  will  now  be  described  and 
contrasted  with  the  prior  art  with  reference  to  the 
accompanying  drawings,  in  which  :- 

Figure  1  is  a  cross-section  through  an  X-ray 
mask; 

Figure  2  is  a  block  diagram  of  a  focused-ion 
beam  system; 

Figures  3A  to  3D  show  the  steps  for  forming 
a  pattern  by  ion  beam  assisted  deposition; 

Figures  4A  to  4D  show  the  steps  for  forming 
a  pattern  by  ion  beam  assisted  deposition; 

Figures  5A  to  51  show  steps  for  clear  repair  or 
replacement  of  missing  features  of  a  pattern; 
and, 

Figures  6A  to  6B  show  the  steps  for 
modificaiton  of  the  wiring  of  an  integrated 
circuit. 

Figure  1  shows  a  cross  section  of  an  X-ray  mask  1  , 
in  which  a  membrane  4  of  silicon  carbide  (SiC)  is 
superimposed  on  a  silicon  wafer  3,  which  in  turn,  is 
superimposed  on  a  glass  ring  2,  and  patterns  5  of  an 
X-ray  absorbing  material  of,  for  example,  gold  or 
tungsten  (hereinafter  referred  to  as  "heavy  metal  or 
the  like")  are  formed  on  the  membrane  4.  The  X-ray 
absorbing  material  patterns  5  are  generally  formed 
by  electron  beam  scanning,  sputter  etching,  etc.,  but 
recently  an  ion  beam  assisted  deposition  is  also 
partly  utilized,  in  which  a  film  of  a  heavy  metal,  or  the 
like,  is  selectively  formed  at  required  location  by  a 
focused  ibn  beam  technology.  In  the  ion  beam 
assisted  deposition,  a  reaction  gas  is  adsorbed  on  a 
surface  of  a  sample,  for  example,  the  above-men- 
tioned  membrane  4,  to  which  an  ion  beam  is 
accelerated  at  an  energy  of  20-30  keV  and 
selectively  irradiated  or  scanned  to  deposit  a  metal 
film  only  at  the  selectively  irradiated  portions.  For 
example,  tungsten  hexacarbonyl  W(CO)6  is  used  as 
the  reaction  gas  to  deposit  tungsten.  Alternatively, 
other  metals  may  be  deposited  by  changing  the 
reaction  gas.  The  ion  beam  assisted  deposition 
deposits  films  having  a  fineness  depending  on  a 
diameter  of  the  ion  beam,  for  example,  0.1  u.m  or 
less,  and  therefore,  is  suitable  for  forming  or 
modifying  an  X-ray  mask  for  which  fine  patterns  are 
required.  Such  a  fine  pattern  also  may  be  required 
for  the  wiring  of  integrated  circuit  devices,  and  the 
ion  beam  assisted  deposition  is  also  suitable  for 
forming  such  wiring,  more  specifically,  for  modifying 
the  wiring  of  an  integrated  circuit. 

In  the  ion  beam  assisted  deposition,  films  or 
patterns  are  formed  by  irradiating  an  ion  beam  while 
adsorbing  a  reaction  gas  on  a  sample.  The  irradiated 
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ion  beam  causes  a  deposition  of  a  metal  near  the 
desired  patterns  or  the  irradiated  portion  by  heat, 
etc.,  generated  by  the  irradiation  of  the  ion  beam, 
resulting  in  a  gradual  slope  along  the  edge  of  the 
patterns.  This  causes  a  problem  of  a  low  aspect 
ratio,  particularly  in  an  X-ray  mask  or  wiring  that 
requires  a  fine  pattern  having  a  width  of  0.1  to  0.5  urn 
and  a  thickness  of  0.5  to  1.0  urn. 

Figure  2  shows  a  focused-ion  beam  (FIB)  system 
for  carrying  out  a  process  according  to  the  present 
invention,  in  which  reference  numeral  10  denotes  an 
FIB  system,  11  a  main  part  thereof,  12  a  control  part, 
13  a  detection  part,  and  14  a  display  part. 

The  main  part  1  1  comprises  an  ion  source  15  for  a 
liquid  metal  such  as  gallium,  a  condenser  lens  17  for 
focusing  an  ion  beam,  a  beam  blanker  19  for  turning 
the  beam  so  that  it  is  absorbed  by  an  aperture  18 
when  the  beam  irradiation  is  not  required,  an 
objective  lens  20  for  focusing  the  beam  onto  a 
sample,  for  example,  a  membrane  4  in  Fig.  1,  an  X-Y 
stage  22  capable  of  moving  horizontally  for  carrying 
the  sample,  and  a  cryo  pump  23. 

The  control  part  12  comprises  a  pattern  generator 
24  for  generating  pattern  data  for,  e.g.,  an  X-ray 
mask,  a  control  device  25  for  generating  various 
control  signals  in  accordance  with  the  pattern  data 
and  data  representing  an  area  whereat  a  pattern  is  to 
be  formed,  as  described  below,  amplifiers  26  to  29 
for  applying  voltages  to  the  condenser  lens  17,  the 
beam  blanker  19,  the  objective  lens  20,  and  a 
reflector  21  in  accordance  with  various  control 
signals,  a  gas  controller  30  for  spraying  a  reaction 
gas  such  as  W(GO)6  ,  WF6  or  WCte  and  supplying 
the  gas  over  the  sample  in  accordance  with  the 
various  signals,  a  stage  controller  31  for  generating  a 
signal  for  controlling  movement  of  the  X-Y  stage  22 
in  accordance  with  the  various  control  signals,  and  a 
motor  32  for  driving  the  X-Y  stage  22  in  accordance 
with  a  signal  from  the  stage  controller  31  . 

The  detection  part  13  comprises  a  secondary 
electron  detector  33  having  an  positively  charged 
electrode,  a  secondary  ion  detector  34  having  a 
negatively  charged  electrode,  and  amplifiers  35  and 
36  for  amplifying  signals  detected  by  the  secondary 
electron  detector  33  and  the  secondary  ion  detector 
34,  and  detects  an  area  whereat  a  pattern  is  to  be 
formed  on  the  sample  by  discriminating  differences 
of  the  secondary  electron  and  the  secondary  ion 
emitted  from  the  pattern  of  heavy  metal,  etc.,  and  the 
membrane  of  boron  nitride  or  silicon  carbide  on  the 
sample. 

The  display  part  14  comprises  an  image  processor 
37  for  sending  a  signal  representing  the  pattern-for- 
ming  area  detected  by  the  detection  part  13  to  the 
control  device  25  and  for  making  a  graph  of  the 
pattern  data  and  the  pattern-forming  pattern  from 
the  control  device  25,  and  a  display  device  38  for 
displaying  the  data  graph. 

Figures  3A  to  3D  illustrate  steps  for  forming  an 
L-shaped  pattern,  for  example,  the  pattern  of  an 
X-ray  absorbing  material  for  an  X-ray  mask. 

The  pattern  generator  24  produces  a  pattern  data 
for  an  L-shaped  pattern  40  as  shown  in  Fig.  3A.  The 
control  device  25  produces  various  signals  in 
accordance  with  the  pattern  data  and  controls  the 

operations  described  below.  Namely,  the  control 
device  25  operates  the  gas  controller  30  to  supply  a 
reaction  gas  over  a  sample  and  controls  the  ion 
beam  41  to  scan  the  pattern  40  as  shown  in  Fig.  3B, 

5  and  as  a  result,  an  X-ray  absorbing  material  is 
deposited  over  the  sample  (i.e.,  the  membrane  4  in 
Fig.  1)  as  a  pattern  42  as  shown  in  Fig.  3C.  The 
deposited  X-ray  absorbing  material  pattern  42  has  a 
cross-sectional  shape  having  a  gradual  slope  or 

10  foot,  as  shown  in  Fig.  3D.  Namely,  the  pattern  42  has 
a  low  aspect  ratio  such  that  it  is  not  suitable  for  use 
as  an  X-ray  mask. 

Figures  4A  to  4C  illustrate  succeeding  steps  of 
peripheral  brushing. 

15  Generally,  if  an  ion  beam  is  irradiated  on  an  object 
for  a  certain  time,  the  irradiated  object  can  be 
processed  or  worked,  for  example,  pierced,  and  by 
making  the  irradiation  time  short,  the  physical 
effects  on  the  object  can  be  reduced.  Based  on  the 

20  above,  a  time  for  which  an  ion  beam  is  irradiated  to 
an  object  is  selected  in  accordance  with  a  desired 
result,  i.e.,  whether  or  not  the  object  should  be 
worked.  Note,  a  reaction  gas  is  not  supplied  during 
these  and  the  following  steps. 

25  First,  an  ion  beam  is  scanned  to  the  pattern  40  and 
periphery  thereof  at  a  relatively  high  speed,  i.e.,  for  a 
short  irradiation  time.  Accordingly,  the  deposited 
portion  of  heavy  metal  or  the  like  emits  a  relatively 
large  amount  of  secondary  electrons  and  secondary 

30  ions,  and  the  other  portion  where  the  heavy  metal  or 
the  like  is  not  deposited  and  the  membrane  is 
exposed  emits  a  small  amount  of  the  secondary 
electrons  and  the  secondary  ions.  As  a  result,  by 
detecting  the  difference  in  the  amounts  of  second- 

35  ary  electrons  and  the  secondary  ions,  the  existence 
or  non-existence  of  a  deposit  is  determined  at  each 
location  whereat  an  ion  beam  is  irradiated,  and  the 
area  of  the  deposited  pattern  42  shown  in  Fig.  3C  is 
acquired.  It  should  be  noted  that  an  ion  beam  should 

40  be  irradiated  to  the  entire  periphery  of  a  pattern  to 
attain  a  desired  pattern. 

Second,  the  acquired  pattern  area  is  compared 
with  the  data  for  a  pattern  40  to  be  formed,  to  detect 
an  excess  portion  43  of  the  deposit  42.  An  ion  beam 

45  44  is  selectively  irradiated  to  this  excess  portion  43, 
as  shown  in  Fig.  4A,  to  remove  the  irradiated 
deposit.  The  irradiation  time  is  such  that  the  deposit 
is  removed  at  a  thickness  of  less  than  200  nm, 
preferably  50  to  100  nm,  per  one  irradiation,  so  that 

50  the  membrane  is  not  disadvantageously  affected  or 
damaged. 

The  above  detection  of  an  excess  portion  of  the 
deposit  and  removal  of  the  deposit  from  the  excess 
portion  thereof  at  a  certain  thickness  are  repeated, 

55  to  completely  remove  the  excess  peripheral  portion 
43  of  the  deposit  42  and  to  obtain  a  desired  pattern 
45,  as  shown  in  Fig.  4B,  having  a  desired  cross 
section  46,  i.e.,  a  high  aspect  ratio,  as  shown  in 
Fig.  4C. 

60  Thus,  in  the  above  example,  in  an  FIB  system,  a 
pattern  is  once  formed  by  ion  beam  assisted 
deposition;  an  ion  beam  is  then  scanned  near  the 
deposited  pattern  to  detect  an  excess  peripheral 
portion  or  a  foot  of  the  deposit;  and  the  excess 

65  portion  is  removed  by  a  further  irradiation  of  an  ion 

3 



5 IP  0  320  292  A2 

beam.  Therefore,  the  final  pattern  formed  will  have  a 
fine  pattern  in  accordance  only  with  a  small  diameter 
of  an  ion  beam,  and  will  be  suitable  for  use  as  an 
X-ray  mask,  i.e.,  will  have  a  high  aspect  ratio. 

In  accordance  with  a  process  of  the  present 
invention,  a  fine  pattern  having,  for  example,  a  height 
of  400  to  2000  nm  and  a  width  of  200  to  500  nm  with 
an  aspect  ratio  of  0.8  to  1.0,  can  be  accurately 
formed  and  an  undesirable  foot  of  the  pattern  can  be 
eliminated. 

The  present  invention  also  can  be  applied  to 
opaque  and  clear  repairs,  or  the  removal  of  un- 
wanted  features  and  a  replacement  of  missing 
features,  in  the  formation  of  a  mask,  since  the 
formation  of  a  pattern  and  brushing  of  the  periphery 
of  the  pattern  can  be  successively  carried  out  in  the 
process  of  the  present  invention. 

Figure  5A  to  51  illustrate  the  steps  for  a  clear  repair 
or  replacement  of  missing  features  of  a  pattern,  for 
example,  an  X-ray  mask  pattern. 

Referring  to  Fig.  5A,  an  L-shaped  pattern  50 
having  a  missing  feature  51  is  scanned  by  an  ion 
beam  to  detect  an  image  of  the  missing  feature  51  . 
Namely,  a  portion  of  the  pattern  50  including  the 
missing  feature  51  is  divided  into  small  squares  52 
having  a  side  length  approximately  equal  to  a 
diameter  of  an  ion  beam  (e.g.,  0.2  um)  and  an  ion 
beam  is  irradiated  to  each  square  52  to  detect  the 
amounts  of  emitted  secondary  electrons  and  ions. 
As  described  before,  the  amounts  of  the  secondary 
electrons  and  secondary  ions  emitted  from  the 
pattern  of  a  heavy  metal  or  the  like  are  high  and 
those  emitted  from  the  area  of  the  missing  feature  or 
exposed  membrane  will  be  low.  By  comparing  the 
data  of  this  difference  of  the  emitted  amounts  of  the 
secondary  electrons  and  secondary  ions  with  the 
data  for  a  pattern  to  be  formed  supplied  from  the 
pattern  generator  24  in  each  square  52,  the  area  of 
the  missing  feature  can  be  detected. 

An  ion  beam  is  scanned  to  this  detected  area  of 
the  missing  features  while  flowing  a  reaction  gas 
over  this  area  of  the  sample  to  deposit  a  heavy  metal 
or  the  like  on  the  irradiated  area  or  the  area  of  the 
missing  feature.  Figure  5C  shows  a  pattern  53  of  this 
deposit. 

After  stopping  the  flow  of  reaction  gas,  the  pattern 
53  deposited  in  an  area  of  the  previous  missing 
feature  is  detected  and  compared  with  the  data  for  a 
pattern  to  be  formed.  If  the  deposit  53  has  an  excess 
portion  54  over  the  desired  pattern  as  shown  in 
Fig.  5D,  the  excess  portion  of  the  pattern  is  removed 
by  irradiation  of  an  ion  beam  at  a  thickness  55  of  less 
than  200  nm,  preferably  50  to  100  nm  per  irradiation, 
as  shown  in  Figs.  5E  and  5F.  These  procedures  of 
the  detection  of  the  pattern  of  the  deposit  53  or  53' 
and  the  removal  of  the  deposit  53  or  53'  by  a  certain 
thickness  thereof  are  repeated,  to  completely 
remove  the  excess  portion  54  of  the  deposit  53 
without  significant  damage  to  the  membrane  56,  as 
shown  in  Fig.  5G.  This  complete  removal  of  the 
excess  portion  54  from  the  deposit  53  is  finally 
detected  by  an  ion  beam  as  shown  in  Fig.  5H,  and 
results  in  a  pattern  50  and  53"  having  a  sharp  edge 
or  a  high  aspect  ratio.  Thus,  a  very  precise  repair  of 
an  X-ray  mask  pattern  can  be  carried  out. 

The  process  according  to  the  present  invention  is 
also  applicable  to  an  opaque  repair  or  the  removal  of 
unwanted  features  in  a  manner  similar  to  those  of  the 
clear  repair  or  replacement  of  a  missing  feature.  The 

5  procedures  for  the  opaque  repair  are  very  similar  to 
those  shown  in  Figs.  5C  to  51. 

The  process  according  to  the  present  invention  is 
further  applicable  to  a  modification  of  wiring  of  an 
integrated  circuit  wherein  the  wiring  has  a  high 

10  aspect  ratio.  For  example,  in  some  cases,  it  may  be 
useful  or  necessary  to  add  an  additional  wiring 
pattern  to  the  wiring  60  of  an  integrated  circuit  as 
shown  in  Fig.  6A.  Figure  6B  shows  such  an 
additional  wiring  pattern  61  is  the  integrated  circuit 

15  having  the  wiring  60.  The  formation  of  this  additional 
wiring  pattern  61  can  be  advantageously  carried  out 
by  a  process  of  the  present  invention,  particularly 
when  the  additional  wiring  pattern  must  have  a  high 
aspect  ratio,  or,  a  large  space  does  not  exist 

SO  between  the  wiring  patterns  whereat  the  additional 
wiring  pattern  is  to  be  formed. 

25  Claims 

1.  A  process  for  forming  a  pattern  by  a 
focused-ion  beam  (FIB)  system,  comprising  the 

30  steps  of: 
A)  mounting  a  sample  in  the  FIB  system; 
B)  scanning  an  ion  beam  having  a  first 

scanning  condition  over  the  sample  whilst 
supplying  a  reaction  gas  to  deposit  a 

35  material  from  the  reaction  gas  onto  the 
sample,  the  deposited  material  forming  a 
deposited  pattern;  and, 

C)  repeating  a  cycle  of  the  following 
steps  until  the  desired  pattern  is  obtained: 

40  i)  scanning  an  ion  beam  having  a  second 
scanning  condition  over  the  periphery  of 
the  deposited  pattern  to  acquire  an  image 
of  the  pattern; 
ii)  comparing  the  acquired  image  of  the 

45  deposited  pattern  with  a  desired  pattern  to 
detect  any  excess  portion  of  the  deposited 
pattern  which  should  be  removed;  and, 
iii)  scanning  an  ion  beam  having  a  third 
scanning  condition  over  any  excess  por- 

50  tion  of  the  deposited  pattern  to  remove  at 
least  a  part  of  it,  wherein  the  steps  B)  and 
C)  are  carried  out  in  the  FIB  system. 

2.  A  process  according  to  claim  1,  wherein 
the  sample  is  an  X-ray  mask. 

55  3.  A  process  according  to  claim  1  or  2, 
wherein  the  sample  includes  a  substrate  having 
a  first  pattern  with  a  first  portion  where  the 
material  is  to  be  deposited  to  form  the  de- 
posited  pattern. 

60  4.  A  process  according  to  claim  3,  wherein 
the  sample  is  an  X-ray  mask  and  the  first  portion 
of  the  first  pattern  is  a  defective  area. 

5.  A  process  according  to  claim  1  or  3, 
wherein  the  sample  is  a  semiconductor  circuit 

65  and  the  deposited  pattern  is  wiring  to  be  added 

4 
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to  the  semiconductor  circuit. 
6.  A  process  according  to  any  one  of  the 

preceding  claims,  wherein  the  third  scanning 
condition  is  such  that  a  thickness  of  less  than 
200  nm  of  the  deposited  pattern  is  removed.  5 

7.  A  process  according  to  claim  6,  wherein 
the  thickness  removed  is  in  a  range  from  60  nm 
tolOOnm. 

8.  A  process  according  to  any  one  of  the 
preceding  claims,  wherein  the  ion  beam  has  a  w 
beam  diameter  of  less  than  200nm. 

9.  A  process  according  to  claim  8,  wherein 
the  beam  diameter  is  less  than  100  nm. 

10.  A  process  according  to  any  one  of  the 
preceding  claims,  wherein  the  deposited  pat-  15 
tern  has  a  width  of  between  200  and  500  nm  and 
a  height  of  between  400  and  2000  nm. 

11.  A  process  according  to  any  one  of  the 
preceding  claims,  wherein  the  reaction  gas  is 
tungsten  hexacarbonyl,  tungsten  hexafluoride  20 
or  tungsten  hexachloride  and  the  material 
deposited  from  it  is  tungsten. 

12.  A  process  according  to  any  one  of  the 
preceding  claims,  wherein  the  sample  includes 
a  substrate  of  silicon  carbide  or  boron  nitride. 

13.  A  process  for  forming  a  pattern  by  a 
focused-ion  beam  (FIB)  system,  comprising  the 
steps  of: 
mounting  a  sample  including  a  substrate  and  a 
first  pattern  on  the  substrate  in  the  FIB  system, 
the  first  pattern  having  a  first  portion  which  is  to 
be  removed; 
scanning  an  ion  beam  having  a  first  scanning 
condition  over  the  first  pattern  to  acquire  an 
image  of  the  first  pattern  ; 
comparing  the  acquired  image  of  the  first 
pattern  with  a  desired  pattern  of  the  first  pattern 
to  detect  the  first  portion  of  the  first  pattern  to 
be  removed;  and, 
scanning  an  ion  beam  having  a  second  scan- 
ning  condition  over  the  first  portion  of  the  first 
pattern  to  remove  at  least  a  part  of  it. 
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