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Focusing  apparatus  of  electron  microscope. 

simple  determination  of  the  optimum  exciting  current 
for  the  focusing  lens  (2)  corresponding  to  the  circle 
of  least  confusion. 

FIG.  1 

@  A  focusing  apparatus  of  an  electron  microscope 
for  focusing  an  electron  beam  (1)  through  a  focusing 
lens  (2)  onto  a  sample  (3)  comprises  deflecting 
means  (4,  5)  for  making  the  electron  beam  (1)  scan 
on  the  sample  (3),  means  (8,  9)  for  correcting  an 
astigmatism  of  the  electron  beam  (1),  means  (6)  for 
detecting  the  secondary  electrons  from  the  sample 

CM  (3)  when  scanned  by  the  electron  beam  (1),  and 
^   means  (15)  to  determine  the  optimum  exciting  cur- 
Qrent  of  the  focusing  lens  (2).  The  optimum  exciting 
^@current  is  obtained  by  determining  the  position  of  the 
*"@  center  of  gravity  of  an  area  surrounded  by  a  curve  Y 
{^  =  f  (I)  and  a  fixed  straight  line.  The  curve  Y  shows 
CO  the  relationship  between  the  exciting  current  for  the 
^focusing  lens  (2)  and  an  electron  beam  radius  cor- 
O  responding  signal  which  is  obtained  on  the  basis  of 
_ a   signal  from  the  detecting  means  (6)  and  inversely 
q]  corresponds  to  a  radius  of  the  electron  beam  (11)  on 

the  surface  of  the  sample  (3). 
The  focusing  apparatus  enable  an  exact  and 
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FOCUSING  APPARATUS  OF  ELECTRON  MICROSCOPE 

confusion  can  not  be  determined  exactly  when  the 
shape  or  pattern  on  the  surface  of  the  sample  is 
non-isotropic  as  in  a  small  part  of  IC  pattern,  for 
example. 

5  Fig.  3  shows  the  relationship  between  the  fo- 
cusing  lens  exciting  current  applied  when  an  elec- 
tron  beam  is  made  to  scan  on  the  sample  in  each 
of  the  directions  X  and  Y  with  the  current  varied 
and  an  electron  beam  radius  corresponding  signal 

w  at  this  time. 
By  the  way,  the  electron  beam  radius  cor- 

responding  signal  means  a  signal  inversely  cor- 
responding  to  the  radius  of  the  electron  beam  and 
is  obtained  as  a  variation  component  of  the  current 

75  of  secondary  electrons  generated  from  the  sample. 
The  more  the  electron  beam  is  focused  on  the 
sample,  the  bigger  the  electron  beam  radius  cor- 
responding  signal  becomes. 

This  figure  shows  particularly  a  case  ((b)  of  the 
20  figure  3)  wherein  the  maximum  value  being  an 

extremely  large  point  is  not  obtained  when  scan- 
ning  is  conducted  in  the  direction  Y,  since  the 
variation  component  of  the  shape  or  pattern  on  the 
surface  of  the  sample  is  small,  while  the  maximum 

25  value  h,  being  the  extremely  large  point  is  ob- 
tained  ((a)  of  the  figure  3)  when  the  scanning  is 
conducted  in  the  direction  X. 

In  the  case  when  the  shape  of  the  surface  on 
the  sample  is  non-isotropic  and  therefore  the  maxi- 

30  mum  value  being  the  extremely  large  point  does 
not  appear  distinctly,  as  described  above,  the 
aforesaid  exciting  current  U  and  I2  can  not  be 
determined  exactly  according  to  the  prior  art,  and 
consequently  it  is  very  difficult  to  exactly  determine 

35  the  exciting  current  for  the  focusing  lens  corre- 
sponding  to  the  circle  of  least  confusion. 

While  the  apparatus  of  scanning  wherein  the 
electron  beam  is  made  to  scan  in  the  direction  X 
and  Y  separately  is  described  in  the  above-de- 

40  scribed  example,  two  extremely  large  points  are 
obtained  as  shown  in  Fig.  5(a)  even  when  the 
electron  beam  is  made  to  scan  circularly,  on  con- 
dition  that  the  shape  of  the  sample  is  isotropic,  and 
therefore  the  exciting  current  for  the  focusing  lens 

45  corresponding  to  the  circle  of  least  confusion  can 
be  determined  exactly  by  taking  the  mean  value  of 
said  points.  When  the  shape  of  the  sample  is  non- 
isotropic,  however,  the  two  extremely  large  points 
can  not  be  obtained  as  shown  in  Fig.  5(b)  for  the 

50  focusing  lens  corresponding  to  the  circle  of  least 
confusion  can  be  determined  exactly. 

Background  of  the  Invention 

The  present  invention  relates  to  a  focusing 
apparatus  of  an  electron  microscope  and  more 
particularly  to  a  focusing  apparatus  of  an  electron 
microscope  which  conducts  the  correction  of  astig- 
matism  automatically. 

Regarding  a  usual  apparatus  of  focusing  as  the 
preceding  stage  of  correction  of  astigmatism  in  the 
electron  microscope  wherein  the  correction  of 
astigmatism  is  conducted  automatically,  i.e.,  a  ap- 
paratus  of  determining  a  circle  of  least  confusion,  a 
description  is  made  in  U.S.P.  4,214,163  according 
to  which  the  circle  of  least  confusion  is  determined 
by  the  following  procedures. 

(1  )  An  electron  beam  is  made  to  scan  in  the 
direction  X  on  a  sample,  a  signal  inversely  cor- 
responding  to  the  radius  of  the  electron  beam  is 
obtained  in  each  scan,  and  an  exciting  current  h, 
for  a  focusing  lens  whereby  the  signal  is  turned  to 
be  maximum  is  determined. 

(2)  The  electron  beam  is  made  to  scan  in 
the  direction  Y  on  the  sample,  a  signal  inversely 
corresponding  to  the  radius  of  the  electron  beam  is 
obtained  in  the  same  way  as  the  above,  and  an 
exciting  current  I2  for  the  focusing  lens  whereby 
the  signal  is  turned  to  be  maximum  is  determined. 

(3)  The  mean  value  (h  +  l2)/2  is  calculated 
from  aforesaid  exciting  currents  h  and  I2  for  the 
focusing  lens,  and  the  exciting  current  for  the  fo- 
cusing  lens  is  set  at  his  mean  value  (h  +  l2>/2. 

By  the  apparatus  described  above,  the  circle  of 
the  electron  beam  focused  on  the  sample  becomes 
the  circle  of  least  confusion.  The  position  of  this 
circle  of  least  confusion  is  equivalent  to  the  posi- 
tion  of  a  focus  obtained  when  the  astigmatism  is 
corrected. 

In  the  prior  art,  as  described  above,  the  elec- 
tron  beam  is  made  to  scan  is  each  of  the  directions 
X  and  Y,  the  exciting  current  for  the  focusing  lens 
whereby  a  variation  component  of  a  current  of  a 
secondary  electron  or  the  like  generated  from  the 
sample  on  the  occasion  is  turned  to  be  maximum 
is  determined  in  each  scan,  and  the  exciting  cur- 
rent  for  the  focusing  lens  at  the  time  when  the 
circle  of  least  confusion  is  formed  is  determined 
from  the  mean  value  of  the  exciting  currents  thus 
determined.  The  variation  component  of  the  secon- 
dary  electron  current  is  generated  by  a  shape  or  a 
pattern  on  the  surface  of  the  sample. 

According  to  this  apparatus,  however,  there 
occurs  a  problem  that  the  exciting  current  for  the 
focusing  lens  corresponding  to  the  circle  of  least 

Summary  of  the  Invention 



EP0  332  140A2 

An  object  of  the  present  invention  is  to  furnish 
a  focusing  apparatus  of  an  electron  microscope 
which  enables  the  solution  of  the  above-described 
problem  and  the  exact  and  simple  determination  of 
the  exciting  current  for  the  focusing  lens  corre- 
sponding  to  the  circle  of  least  confusion. 

In  a  scanning  electron  microscope  wherein  the 
correction  of  astigmatism  is  conducted  automati- 
cally,  the  above-stated  object  is  attained  by  provid- 
ing  a  detecting  means  to  detect  an  information 
generated  from  a  specimen  by  scanning  the  speci- 
men  with  an  electron  beam,  and  by  determining  a 
focusing  lens  optimum  exciting  current  which  is 
determined  from  the  position  of  the  center  of  grav- 
ity  of  an  area  surrounded  by  a  curve  of  the  electron 
beam  radius  corresponding  signal  showing  the  re- 
lationship  between  the  exciting  current  for  the  fo- 
cusing  lens  and  the  electron  beam  radius  cor- 
responding  signal  and  by  a  prescribed  straight  line. 

Moreover,  said  object  is  attained  by  determin- 
ing  a  current  as  an  approximate  value  of  the  afore- 
said  focusing  lens  optimum  exciting  current  which 
is  determined  from  the  position  of  the  center  of  two 
intersecting  points  of  the  curve  of  the  electron 
beam  radius  corresponding  signal  showing  the  re- 
lationship  between  the  exciting  current  for  the  fo- 
cusing  lens  and  the  electron  beam  radius  cor- 
responding  signal  and  of  a  prescribed  straight  line. 

beam,  which  is  focused  finely  on  a  sample  3  by  a 
focusing  lens  2.  Numeral  14  denotes  a  focusing 
lens  driving  circuit  for  driving  the  focusing  iens  2, 
and  it  is  connected  to  a  control  circuit  7  which  will 

5  be  described  later. 
4  and  5  denote  deflecting  coils  for  making  the 

aforesaid  electron  beam  scan  in  the  directions  X 
and  Y,  respectively,  and  10  and  11  deflecting  coil 
exciting  circuits  for  driving  said  deflecting  coils  4 

w  and  5  respectively. 
Both  of  said  deflecting  coil  exciting  circuits  10 

and  11  are  connected  to  the  control  circuit  7. 
8  and  9  denote  X-direction  and  Y-direction 

astigmatism  correcting  coils  respectively,  and  12 
75  and  13  astigmatism  correcting  coil  exciting  circuits 

for  driving  said  astigmatism  correcting  coils  8  and 
9  respectively. 

Both  of  said  astigmatism  correcting  coil  excit- 
ing  circuits  12  and  13  are  connected  to  the  control 

20  circuit  7. 
Numeral  6  denotes  a  detector  detecting  a  sig- 

nal  of  a  secondary  electron  or  the  like  generated 
form  the  sample  3  by  the  application  of  the  afore- 
said  electron  beam,  and  the  detector  is  connected 

25  to  a  focusing  lens  optimum  exciting  current  deter- 
mining  circuit  15. 

The  focusing  lens  optimum  exciting  current 
determining  circuit  15  sets  an  exciting  current  for 
the  focusing  lens  corresponding  to  a  circle  of  least 

30  confusion  of  the  basis  of  an  output  signal  from  the 
aforesaid  detector  6,  and  outputs  a  set  value  to  the 
control  circuit  7. 

The  control  circuit  7  controls  the  aforesaid  fo- 
cusing  lens  driving  circuit  14,  the  deflecting  coil 

35  exciting  circuits  10  and  11  and  the  astigmatism 
correcting  coil  exciting  circuits  12  and  13. 

In  the  scanning  electron  microscope  which  has 
the  above-stated  construction  and  to  which  the 
present  invention  is  applied,  the  aforesaid  electron 

40  beam  1  is  made  to  scan  circularly  on  the  sample  3 
by  varying  an  exciting  current  for  the  deflecting 
coils  4  and  5.  The  detector  6  detects  an  image 
signal  of  a  secondary  electron,  a  thermoelectron, 
an  absorption  electron  or  the  like  generated  from 

45  the  sample  3  and  outputs  the  image  signal  to  the 
focusing  lens  optimum  exciting  current  determining 
circuit  15. 

Said  focusing  lens  optimum  exciting  current 
determining  circuit  15  converts  the  aforesaid  image 

so  signal  into  a  signal  corresponding  to  the  spot  ra- 
dius  of  the  electron  beam  1  . 

Herein,  an  integral  value  of  a  variation  of  the 
image  signal  generated  from  the  detector  6  is  used 
as  the  signal  corresponding  to  the  spot  radius  of 

55  the  aforesaid  electron  beam  1  . 
The  image  signal  delivered  from  the  aforesaid 

detector  6  shows  a  sharper  variation  as  the  thick- 
ness  of  the  electron  beam  1  in  the  scanning  direc- 

Brief  Description  of  the  Drawings 

Figure  1  is  a  simplified  block  diagram  show- 
ing  the  principal  structural  elements  of  a  scanning 
electron  microscope  to  which  the  present  invention 
is  applied. 

Figures  2(a),  2(b),  2(c)  and  2(d)  are  graphs 
for  illustrating  the  principle  of  focusing  in  the  scan- 
ning  electron  microscope  to  which  the  present  in- 
vention  is  applied. 

Figures  3(a),  3(b),  5(a)  and  5(b)  are  graphs 
showing  the  relationship  betwen  a  focusing  lens 
exciting  current  and  an  electron  beam  radius  cor- 
responding  signal. 

Figure  4  is  a  schematic  view  of  tracks  of 
scanning  in  the  case  when  an  electron  beam  is 
made  to  scan  in  arbitrary  directions. 

Detailed  Description  of  the  Preferred  Embodiments 

An  embodiment  of  the  present  invention  will  be 
described  hereunder  by  using  drawings. 

Figure  1  is  a  simplified  block  diagram  showing 
the  principal  structural  elements  of  a  scanning 
electron  microscope  to  which  the  present  invention 
is  applied. 

In  the  figure,  numeral  1  denotes  an  electron 
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For  simplification  of  description,  the  aforesaid 
relationship  is  represented  herein  as  a  curve  Y  =  f 
Ox). 

Subsequently,  an  exciting  current  ls  for  the 
5  focusing  lens  corresponding  to  the  maximum  value 

Vi  being  the  extreme  large  point  of  said  curve  Y  = 
f  (lx)  is  determined,  further  electron  beam  radius 
corresponding  signals  V3  =  f  (ls  +  Al)  and  V2  =  f 
(ls  -  Al)  obtained  when  an  increase  and  a  decrease 

10  are  made  by  a  certain  value  Al  from  said  exciting 
current  ls  as  the  center  value  are  determined,  and 
the  minimum  value  of  these  signals  is  set  as  Vo.  Vo 
=  V3  in  the  present  embodiment,  since  V2  >  V3. 

While  the  electron  beam  radius  corresponding 
75  signals  V2  and  V3  are  described  as  determined  by 

making  the  increase  and  decrease  by  the  equal 
amount  Al  from  the  focusing  lens  exciting  current  ls 
corresponding  to  the  maximum  value  V1  ,  which  is 
set  as  the  center  value,  values  of  the  increase  and 

20  decrease  are  not  necessarily  equal,  but  they  may 
be  arbitrary  values  respectively  on  condition  that 
said  exciting  current  ls  be  made  to  exist  within  the 
limits  of  these  increase  and  decrease. 

Successively,  the  center  of  gravity  G1  of  a 
25  region  (a  hatched  part)  surrounded  by  a  straight 

line  Y  =  Vo  and  the  aforesaid  curve  Y  =  f  (Ix)  is 
determined.  Then  an  exciting  current  lgi  for  the 
focusing  lens  corresponding  to  said  position  of  the 
center  of  gravity  G1  is  the  exciting  current  cor- 

30  responding  to  the  circle  of  least  confusion. 
The  above-mentioned  center  of  gravity  G1  can 

be  determined  by  a  proper  method  known  publicly 
(also  in  other  embodiments  to  be  described  in  the 
following). 

35  Another  embodiment  of  the  present  invention 
will  be  described  hereunder  by  using  Figure  2(b). 

After  the  minimum  value  Vo  is  determined  in 
the  same  way  as  in  the  above-described  case  of 
Fig.  2(a),  an  electron  beam  radius  corresponding 

40  signal 
Vs  =  (V1  -  V0)a  +  Vo 
is  determined  from  the  aforesaid  extreme  large 
point  V1  and  the  minimum  value  Vo,  and  the  center 
of  gravity  G2  of  a  region  (a  hatched  part)  sur- 

45  rounded  by  a  straight  line  Y  =  Vs  and  the  aforesaid 
curve  Y  =  f  (lx)  is  determined.  The  inventor  of  the 
present  invention  confirmed  that  it  is  desirable,  on 
the  occasion,  that  the  value  a  is  set  within  the 
limits  of  0.1  to  0.5  and  an  exciting  current  lg2  for 

50  the  focusing  lens  corresponding  to  the  position  of 
said  center  of  gravity  G2  is  the  exciting  current 
corresponding  to  the  circle  of  least  confusion. 

A  still  another  embodiment  of  the  present  in- 
vention  will  be  described  hereunder  by  using  Fig- 

55  ure  2(c). 
After  the  straight  line  Vs  =  (V1  -  V0)a  =  Vo  is 

determined  in  the  same  way  as  in  the  above- 
described  figure  (b),  intersecting  points  of  the 

tion  (in  the  tangential  direction  in  the  case  of  cir- 
cular  scanning)  on  the  sample  3  becomes  smaller, 
and  therefore  the  image  signal  on  the  occasion 
contains  a  large  amount  of  variation  component. 
This  means,  as  a  consequence,  that,  when  the 
variation  component  of  the  aforesaid  image  signal 
is  taken  out  as  the  signal  corresponding  to  spot 
radius  of  the  electron  beam  1  and  only  a  varied 
part  of  said  variation  component  is  integrated  for 
each  one  scanning,  the  thickness  of  the  spot  radius 
of  the  electron  beam  1  in  the  scanning  direction 
becomes  smaller  as  the  integral  value  obtained  by 
the  integration  (hereinafter  called  an  electron  beam 
radius  corresponding  signal)  becomes  larger. 

The  aforesaid  focusing  lens  optimum  exciting 
current  determining  circuit  15  determines  the  rela- 
tionship  between  the  intensity  of  -current  supplied 
to  the  focusing  lens  driving  circuit  14  and  the 
signal  corresponding  to  the  electron  beam  on  the 
occasion,  determines  a  focusing  lens  exciting  cur- 
rent  corresponding  to  the  circle  of  least  confusion 
from  this  relationship  and  outputs  same  to  the 
control  circuit  7. 

While  generating  the  focusing  lens  exciting 
current  corresponding  to  the  aforesaid  circle  of 
least  confusion  to  the  focusing  lens  driving  circuit 
14,  the  control  circuit  7  controls  the  deflecting  coil 
exciting  circuits  10,  11  and  the  astigmatism  cor- 
recting  coil  exciting  circuits  12,  13. 

A  method  of  determining  the  focusing  lens 
exciting  current  corresponding  to  the  circle  of  least 
confusion  by  the  scanning  electron  microscope  of 
the  present  invention  will  be  described  in  detail 
hereunder  by  using  Figure  2. 

This  figure  shows  the  relationship  between  the 
integral  value  of  the  electron  beam  radius  cor- 
responding  signal  and  an  exciting  current  for  the 
focusing  lens  driving  circuit  14  on  the  occasion 
when  the  electron  beam  is  made  to  scan  circularly 
on  the  sample,  showing  particularly  the  case  when 
the  two  extreme  large  points  do  not  appear  dis- 
tinctly  since  the  shape  of  the  sample  is  non-iso- 
tropic. 

In  the  case  when  the  two  extreme  large  points 
do  not  appear  distinctly  as  the  above,  it  is  very 
difficult  to  determine  exactly  the  exciting  current  for 
the  focusing  lens  corresponding  to  the  circle  of 
least  confusion,  according  to  the  prior  art. 

Figure  2(a)  is  a  graph  for  illustrating  a  focusing 
operation  according  to  one  embodiment  of  the 
present  invention. 

First,  the  relationship  between  the  electron 
beam  radius  corresponding  signal  obtained  from 
the  variation  of  the  secondary  electron  emitted 
from  the  specimen  in  each  circular  scan  of  said 
electron  beam  on  the  specimen  and  the  exciting 
current  for  the  focusing  lens  on  the  occasion,  is 
determined. 
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straight  line  Y  =  Vs  and  the  aforesaid  curve  Y  =  f 
(lx)  are  denoted  by  la  and  k  respectively,  and  the 
center  of  gravity  of  region  (a  hatched  part)  sur- 
rounded  by  a  straight  line  X  =  l3  ,  a  straight  line  X 
=  k  and  a  straight  line  Y  =  V,  parallel  to  the  X 
axis  and  0  <  Vt  <  Vs  is  denoted  by  G3.  An  exciting 
current  lg3  for  the  focusing  lens  corresponding  to 
the  position  of  said  center  of  gravity  G3,  thus 
obtained,  may  also  be  used  as  the  exciting  current 
corresponding  to  the  circle  of  least  confusion. 

The  present  embodiment  of  Fig.  2(c)  shows  the 
case  when  Vt  is  set  to  be  equal  to  0. 

Besides,  as  an  approximate  value  of  the  afore- 
said  gravity,  the  middle  point  of  the  aforesaid  inter- 
secting  points  I3  and  U  may  be  taken  also  for  an 
exciting  current  ig4  for  the  focusing  lens  corre- 
sponding  to  the  circle  of  least  confusion,  as  shown 
in  Figure  2(d). 

Although  the  case  when  the  circular  scanning 
is  taken  as  the  scanning  method  of  the  electron 
beam  is  cited  in  the  foregoing  description,  the 
present  invention  is  not  limited  thereto,  and  an 
ordinary  method  of  scanning  in  the  directions  X 
and  Y,  scanning  in  the  shape  of  a  closed  loop,  or 
scanning  of  the  electron  beam  in  a  number  of 
arbitrary  directions  as  shown  in  Figure  4,  may  be 
adopted  as  well.  The  aforesaid  curve  of  the  elec- 
tron  beam  radius  corresponding  signal  is  deter- 
mined  from  the  mean  value  of  electron  beam  ra- 
dius  corresponding  signals  obtained  on  the  occa- 
sion,  and  thereafter  the  exciting  current  for  the 
focusing  lens  corresponding  to  the  circle  of  least 
confusion  is  determined  in  the  same  way  as  in  the 
foregoing  embodiments. 

In  other  words,  any  method  of  scanning  may 
be  adopted,  provided  that  the  focusing  apparatus 
of  an  electron  microscope  is  employed  wherein  the 
exciting  current  for  the  focusing  lens  is  determined 
from  the  position  of  the  center  of  gravity  of  an  area 
surrounded  by  the  curve  of  the  electron  beam 
radius  corresponding-  signal  corresponding  to  the 
exciting  current  for  the  focusing  lens  obtained 
when  the  electron  beam  is  made  to  scan  with  said 
exciting  current  varied,  and  by  a  prescribed  straight 
line,  or  from  the  intersecting  points  of  the  curve 
and  the  line. 

When  the  exciting  current  for  the  focusing  lens 
corresponding  to  the  circle  of  least  confusion  is 
determined  as  described  above,  the  control  circuit 
7  fixes  at  this  exciting  current  the  intensity  of 
current  supplied  to  the  focusing  lens  driving  circuit 
14  and  then  executes  the  so-called  correction  of 
astigmatism  to  further  lessen  the  radius  of  the 
aforesaid  circle  of  least  confusion. 

It  is  clear  that  the  application  of  the  above- 
described  present  invention  to  the  correction  of 
astigmatism  enables  the  exact  and  simple  correc- 
tion  of  astigmatism,  compared  with  the  prior-art 

case. 
Moreover,  the  repetition  of  the  focusing  opera- 

tion  of  the  focusing  lens  and  the  correction  of 
astigmatism  described  above  enables  the  imple- 

5  mentation  of  further  exact  focusing. 
Although  only  the  case  when  the  present  in- 

vention  is  applied  to  the  scanning  electron  micro- 
scope  is  mentioned  in  the  above  description,  the 
present  invention  is  not  limited  thereto,  but  can  be 

10  applied  also  to  transmission  electron  microscope 
apparatuses,  provided  that  a  means  to  make  the 
electron  beam  scan  in  one  direction  at  least  is 
attained  thereto. 

According  to  the  present  invention,  as  de- 
75  scribed  above,  it  is  possible  to  furnish  the  focusing 

apparatus  of  an  electron  microscope  which  enables 
the  exact  and  simple  determination  of  the  exciting 
current  for  the  focusing  lens  corresponding  to  the 
circle  of  least  confusion  in  the  stage  of  the  focusing 

20  operation  conducted  before  the  operation  of  correc- 
tion  of  astigmatism  even  when  the  shape  of  a 
sample  is  non-isotropic  and  when  the  maximum 
value  being  the  extreme  large  value  of  the  curve  of 
the  electron  beam  radius  corresponding  signal 

25  does  not  appear  distinctly. 

Claims 

30  1.  A  focusing  apparatus  of  an  electron  micro- 
scope  which  has  a  focusing  lens  (2)  for  focusing  an 
electron  beam  (1)  onto  a  sample  (3), 
deflecting  means  (4,  5,  10,  11)  for  making  the 
electron  beam  (1  )  scan  on  the  sample  (3), 

35  astigmatism  correcting  means  (8,  9,  12,  13)  dis- 
posed  in  the  vicinity  of  the  passage  of  the  electron 
beam  (1), 
detecting  means  (6)  to  detect  a  signal  generated 
from  the  sample  (3)  when  scanned  by  the  electron 

40  beam  (1),  and 
optimum  exciting  current  determining  means  (15) 
to  determine  an  optimum  exciting  current  for  the 
focusing  lens  (2)  on  the  basis  of  an  output  signal 
from  the  detecting  means  (6), 

45  wherein  said  optimum  exciting  current  determining 
means  (5)  determines  an  optimum  exciting  current 
for  the  focusing  lens  (2)  from  an  exciting  current 
which  corresponds  to  the  position  of  the  center  of 
gravity  of  an  area  surrounded  by  a  curve  repre- 

50  sented  by  a  formula  Y  =  f(l),  wherein  I  is  the 
exciting  current  for  the  focusing  lens  (2)  and  Y  is 
an  electron  beam  radius  corresponding  signal 
which  is  obtained  on  the  basis  of  a  signal  from  the 
detecting  means  (6)  and  inversely  corresponds  to  a 

55  radius  of  the  electron  beam  (1  )  and  a  fixed  straight 
line  of  the  electron  beam  radius  corresponding 
signal. 
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7.  The  apparatus  of  claim  1  ,  wherein  said  posi- 
tion  of  the  center  of  gravity  is  approximately  by  the 
position  of  the  center  of  two  intersecting  points  of 
the  curve  represented  by  the  formula  Y  =  f  (I)  and 
the  fixed  straight  line. 

8.  The  apparatus  of  any  one  of  claims  2  to  7, 
wherein  said  value  a  is  defined  as  0.1  £  a   ̂ 0.5. 

9.  The  apparatus  of  any  one  of  claims  2  to  8, 
wherein  Alp  equals  to  Alm. 

2.  The  apparatus  of  claim  1  ,  wherein  said  fixed 
straight  line  of  the  electron  beam  radius  corre- 
sponding  signal  is  a  straight  line  represented  by  a 
formula  Y  =  Ymin,  wherein  a  focusing  lens  exciting 
current  corresponding  to  the  maximum  value  Y^*  5 
of  the  aforesaid  curve  of  the  electron  beam  radius 
corresponding  signal  is  denoted  by  ls  and  vari- 
ations  from  ls  are  denoted  by  Alp  and  Alm,  and 
when  values  represented  by  f  (ls  +  Alp)  and  f  (ls  - 
Am)  are  compared  with  each  other,  the  not  larger  w 
one  of  them  is  denoted  by  Y  mjn. 

3.  The  apparatus  of  Claim  1  ,  wherein  said  fixed 
straight  line  of  the  electron  beam  radius  corre- 
sponding  signal  is  a  straight  line  represented  by  a 
formula  Y  =  (Ymax  -Ymin)a  +  Ymin>  wherein  the  75 
focusing  lens  exciting  current  corresponding  to  the 
maximum  value  Ymax  of  the  aforesaid  curve  of  the 
electron  beam  radius  corresponding  signal  is  de- 
noted  by  ls  and  variations  from  ls  are  denoted  by 
Alp  and  Alm,  and  when  the  values  of  f  (ls  +  Alp)  20 
and  f  (l3  -  Alm)  are  compared  with  each  other,  the 
not  larger  one  of  them  is  denoted  Ymin. 

4.  The  apparatus  of  claim  1  ,  wherein  said  opti- 
mum  exciting  current  determining  means  (15)  de- 
termines,  as  the  optimum  exciting  current  for  the  25 
focusing  lens  (2),  an  exciting  current  which  cor- 
responds  to  the  position  of  the  center  of  gravity  of 
an  area  surrounded  by  the  curve  represented  by 
the  formula  Y  -=  f  (I)  of  the  electron  beam  radius 
corresponding  signal  showing  the  relationship  be-  30 
tween  the  exciting  current  for  the  focusing  lens  (2) 
and  the  electron  beam  radius  corresponding  signal, 
by  a  fixed  straight  line  represented  by  Y  =  C  of 
the  electron  beam  radius  corresponding  signal  and 
by  a  fixed  straight  line  of  the  focusing  lens  exciting  35 
current. 

5.  The  apparatus  of  claim  4,  wherein  said  value 
C  is  defined  as  0  £  C  <  (Ymax  -  Ymln)a  +  Ymin. 

6.  The  apparatus  of  claim  4,  wherein  said  fixed 
straight  line  of  the  focusing  lens  exciting  current  40 
comprises  a  straight  line  represented  by  a  formula 
X  =  ln  and  a  straight  line  represented  by  a  formula 
X  =  lm,  wherein  the  focusing  lens  exciting  current 
corresponding  to  the  maximum  value  Ymax  of  the 
aforesaid  curve  of  the  electron  beam  radius  cor-  45 
responding  signal  is  denoted  by  ISI  when  the  values 
represented  by  f  (ls  +  Alp)  and  f  (ls  -  Alm)  are 
compared  with  each  other  and  the  not  larger  one  of 
them  is  denoted  by  Ymin,  and  when  focusing  lens 
exciting  currents  corresponding  to  two  intersecting  50 
points  of  the  curve  represented  by  the  formula  Y  = 
f  (I)  of  the  electron  beam  radius  corresponding 
signal  and  the  straight  line  represented  by  the 
formula  Y  =  (Ymax  -Ymin)a  +  Ymin  are  denoted  by  ln 
and  Im  respectively  55 
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