
J )  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0 1 5 6 9 1 3  

B 1  

Publication  number: 

EUROPEAN  PATENT  SPECIFICATION 

mtci.4:  H  01  J  37 /317,   H  01  J  3 7 / 0 5  
(§)  Date  of  publication  of  patent  specification:  12.07.89 

(2$)  Application  number:  84902825.3 

(8)  Date  of  filing:  20.07.84 

(8)  International  application  number: 
PCT/JP84/00372 

(g)  International  publication  number: 
WO  85/01389  28.03.85  Gazette  85/08 

ION  MICROBEAM  IMPLANTING  APPARATUS. 

Proprietor:  Hitachi,  Ltd. 
5-1,  Marunouchi  1-chome 
Chiyoda-ku  Tokyo  100  (JP) 

Inventor:  ISHITANI,  Tohru  Seibu  Sayamadai 
Haitsu  R304 
1354-56,  Irumagawa 
Sayama-shi  Saitama  350-13  (JP) 
Inventor:  TAMURA,  Hifumi 
10-8,  Kiyokawa-cho 
Hachioji-shi  Tokyo  193  (JP) 
Inventor:  UMEMURA,  Kaoru  Hitachi  Dai  3 
Kyoushinryou  A301 
4-1-2,  Hiyoshi-cho 
Kokubunji-shi  Tokyo  185  (JP) 

)  Representative:  Dost,  Wolfgang,  Dr.rer.nat., 
Dipl.-Chem.  et  al 
Patent-  und  Rechtsanwalte  Bardehle- 
Pagenberg-Dost-Altenburg  &  Partner  Postfach 
86  0620 
D-8000  Miinchen  86  (DE) 

Priority:  14.09.83  JP  168137/83 

Date  of  publication  of  application: 
09.10.85  Bulletin  85/41 

Publication  of  the  grant  of  the  patent: 
12.07.89  Bulletin  89/28 

Designated  Contracting  States: 
DEFRGB 

References  cited: 
WO-A-82/04351 
GB-A-2098793 
JP-A-52107  897 
JP-A-59  003  856 

CO 

t o  

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 

paid.  (Art.  99(  1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 

Q .  
LJJ 



EP  0 1 5 6   913  B1 

degree  of  contamination  N  [atoms/cm2  •  sec]  of 
the  sample  3  by  the  vaporized  particles,  is  given 
by  the  relationship: 

5  N=3.51x1022[P/(MT)1/2][S/rtL2]-a  (2) 

where  a  is  the  probability  that  vaporized 
particles  will  adhere  to  the  surface  of  the  sample, 
and  is  approximately  1  . 

10  For  instance,  with  a  liquid  metal  ion  source 
using  gold  as  the  ion  material,  the  melting  point 
Tm  is  1336°K,  and  the  vapor  pressure  P  is  0.0133 
Pa  (10~4Torr)  at  a  temperature  of  T=1413°K.  Gold 
has  an  atomic  weight  of  M=3.27x10~2S  kg 

15  (M=197  amu).  If  the  area  is  S=1x10"2  cm2  and 
the  distance  is  L=40  cm,  Equation  (1)  shows  that 
the  degree  of  contamination  N  is  1.3X1010  atoms/ 
cm2.sec.  If  converted  into  a  current  density,  this 
value  becomes  2.1x10~9  A/cm2. 

20  However,  this  value  only  concerns  atoms 
vaporized  from  the  ion  source  1  as  neutral 
particles,  it  does  not  include  the  neutral  particles 
that  are  generated  by  the  conversion  of  electric 
charge  as  emitted  ions  are  travelling. 

25  The  sample  is  particularly  contaminated  when  a 
high  concentration  of  ions  is  implanted,  i.e.,  when 
the  beam  is  irradiated  for  an  extended  period  of 
time,  when  a  material  with  a  high  vapor  pressure 
is  used  as  the  ion  material  in  the  ion  source  1,  or 

30  when  these  are  impurities  therein. 

Disclosure  of  invention 
An  object  of  the  present  invention  is  to  provide 

an  apparatus  for  implanting  an  ion  microbeam 
35  which  is  able  to  protect  the  samples  from 

contamination  from  neutral  particles  emitted 
from  the  ion  source. 

This  object  is  achieved  according  to  the 
invention  by  an  apparatus  as  defined  in  claim  1. 

40  According  to  an  advantageous  embodiment  of 
the  present  invention  as  defined  in  claim  2,  the 
focusing  point  coincides  with  the  bending  point. 

Brief  description  of  drawings 
45  Fig.  1  is  a  diagram  of  the  fundamental  structure 

of  a  conventional  apparatus  for  implanting  an  ion 
microbeam; 

Fig.  2  is  a  diagram  of  a  specific  structure  of  a 
Wien  filter; 

so  Fig.  3  is  a  diagram  of  the  fundamental  structure 
of  an  apparatus  for  implanting  an  ion  microbeam 
according  to  an  embodiment  of  the  present 
invention;  and 

Fig.  4  is  an  diagram  of  the  portion  of  the 
55  apparatus  of  Fig.  3  which  bends  the  optical  axis, 

illustrating  the  removal  of  a  beam  of  neutral 
particles. 

Best  mode  for  carrying  out  the  invention 
60  An  embodiment  of  the  present  invention  will  be 

described  below  with  reference  to  Fig.  3.  An  axis 
along  which  ions  are  emitted  from  the  ion  source 
1  intersects  an  axis  along  which  ions  are 
implanted  into  the  sample  3  at  an  angle  0,  and  an 

65  intersection  point  P  thereof  is  positioned  at  the 

Description 

Technical  field 
The  present  invention  relates  to  an  apparatus 

for  implanting  an  ion  beam  as  defined  in  the 
precharacterizing  part  of  claim  1  and  as  known 
from  WO—  A—  8  204  351. 

Background  art 
Fig.  1  schematically  shows  the  structure  of  a 

typical  conventional  apparatus  implanting  an  ion 
microbeam.  In  Fig.  1,  ions  emitted  from  an  ion 
source  1  are  accelerated  and  focused  onto  a 
sample  3  by  a  pair  of  electrostatic  lenses  2,  2'.  An 
EXB  (Wien)  filter  4  is  placed  between  the  two 
lenses  2  and  2',  so  that  the  desired  ions  seeds  can 
only  travel  straight  through  the  Wien  filter  4,  and 
pass  through  an  iris  6.  Fig.  2  shows  the  Wien  filter 
4  in  detail.  In  the  Wien  filter  4,  a  uniform  electric 
field  E  is  produced  by  parallel  electrodes  10,  11, 
and  a  uniform  magnetic  field  B  is  produced  by 
magnetic  poles  12,  13.  When  monovalent  ions  of 
a  mass  M  are  accelerated  at  an  acceleration 
voltage  Vo  and  travel  straight  through  the  filter  4 
to  form  an  ion  beam  14,  the  following  is  the 
relationship  between  the  mass  M,  acceleration 
voltage  Vo,  uniform  electric  field  E,  and  uniform 
magnetic  field  B: 

(1) (2eVo/M)1/2=E/B 

where  e  is  a  unit  electric  charge. 
Only  those  ions  which  have  a  mass  that 

satisfies  Equation  (1)  are  able  to  pass  through  the 
Wien  filter.  Ions  lighter  than  these  ions  which  are 
travelling  straight  travel  along  a  light  path  15,  and 
heavier  ions  travel  along  a  light  path  16,  so  that, 
none  of  these  ions  are  able  to  pass  through  the 
iris  6.  The  focused  beam  7  is  deflected  by  a  beam 
deflector  8  to  scan  the  sample  3.  In  the  apparatus 
of  Fig.  1,  since  the  ion  optical  axis  is  straight, 
neutral  particles  emitted  from  the  ion  source  1  are 
not  affected  by  electromagnetic  field  of  the  beam- 
focusing  system,  reach  the  sample  3  in  the  form 
of  a  diverging  beam  9,  as  indicated  by  the  broken 
lines,  and  contaminate  the  sample  3.  The  degree 
of  sample  contamination  can  be  calculated 
roughly  as  described  below.  In  an  apparatus  for 
implanting  an  ion  microbeam,  a  liquid  metal  ion 
source  is  usually  used  as  the  ion  source  1.  A 
single  metal  or  an  alloy  containing  the  desired  ion 
seeds  is  employed  as  the  ion  material,  it  is  heated 
to  a  temperature  above  its  melting  point  in  the  ion 
source  1  so  that  it  melts.  During  this  time,  a 
quantity  of  neutral  particles  corresponding  to  the 
vapor  pressure  of  the  molten  metal  are  emitted 
from  the  end  of  the  ion  emitter,  and  reach  the 
sample  3. 

If  the  temperature  of  the  molten  metal  is 
denoted  by  T[°K],  the  vapor  pressure  at  this 
temperature  by  P  [Torr],  the  atomic  weight  of  the 
emitted  neutral  particles  by  M  [amu],  the  area  of 
the  vaporization  region  at  the  end  of  the  ion 
emitter  by  S  [cm2],  and  the  distance  from  the  end 
of  the  emitter  to  the  sample  3  by  L  [cm],  the 
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emitted  from  the  ion  source  in  a  step  of  implant- 
ing  an  ion  microbeam.  The  present  invention  can 
also  be  applied  to  the  exposure  of  a  resist  to  an 
ion  beam. 

5 
Claims 

1.  An  apparatus  for  implanting  an  ion  beam 
comprising  sequentially  positioned  along  an  ion 

m  beam  path: 
(a)  an  ion  source  (1), 
(b)  a  first  electrostatic  lens  system  (2,  5) 

accelarating  ions  emitted  from  said  ion  source  (1) 
and  focusing  said  ions  to  a  focusing  point  along 

15  the  ion  beam  path, 
(c)  a  Wien  filter  (4)  separating  said  focused  ions 

by  mass, 
(d)  a  second  electrostatic  lens  system  (6,  2') 

focusing  said  mass  separated  ions  onto  a  sample 
20  (3),  and 

(e)  an  ion  beam  deflector  (8)  for  scanning  the 
sample  (3)  with  the  ion  beam  characterized  in  that 
the  optical  axis  of  the  ion  beam  path  is  bent  in 
the  Wien  filter  and  the  Wien  filter  is  positioned 

25  along  the  beam  path  such  that  said  focusing  point 
and  the  bending  point  of  the  ion  beam  are  located 
near  the  optical  center  of  the  Wien  filter. 

2.  The  apparatus  according  to  claim  1,  charac- 
terized  in  that  said  focusing  point  coincides  with 

30  said  bending  point. 

Patentanspruche 

1.  Vorrichtung  zum  Einpflanzen  eines  lonen- 
35  strahls,  welche,  langs  einer  lonenstrahlbahn  auf- 

einanderfolgend  positioniert,  aufweist: 
(a)  eine  lonenquelle  (1), 
(b)  ein  erstes  elektrostatisches  Linsensystem  (2, 

5),  welches  die  von  der  lonenquelle  (1  )  emittierten 
40  lonen  beschleunigt  und  die  lonen  in  einem  Brenn- 

punkt  langs  der  lonenstrahlbahn  fokussiert, 
(c)  ein  Wien-Filter  (4),  welches  die  fokussierten 

lonen  nach  Masse  trennt, 
(d)  ein  zweites  elektrostatisches  Linsensystem 

45  (6,  2')/  welches  die  massengetrennten  lonen  auf 
eine  Probe  (3)  fokussiert,  und 

(e)  eine  lonenstrahlablenkeinrichtung  (8)  zum 
Abtasten  der  Probe  (3)  mit  dem  lonenstrahl, 

dadurch  gekennzeichnet,  date  die  optische 
so  Achse  der  lonenstrahibahn  in  dem  Wien-Filter 

gekrummt  ist  und  das  Wien-Filter  langs  der 
Strahlbahn  derart  positioniert  ist,  daS  der  Brenn- 
punkt  und  der  Krummungspunkt  des  lonenstrahls 
nahe  des  optischen  Zentrums  des  Wien-Filters 

55  angeordnet  sind. 
2.  Vorrichtung  nach  Anspruch  1,  dadurch 

gekennzeichnet,  dafc  der  Brennpunkt  mit  dem 
Krummungspunkt  zusammenfallt. 

60  Revendications 

1.  Dispositif  d'implantation  d'un  faisceau  ioni- 
que  comportant,  disposes  successivement  le  long 
d'un  trajet  du  faisceau  ionique: 

65  (a)  une  source  d'ions  (1), 

center  of  the  optical  path  within  the  EXB  (Wien) 
filter  4.  Fig.  4  shows  in  detail  the  structure  of  this 
portion,  illustrating  means  for  removing  neutral 
particles  emitted  from  the  ion  source  1. 

The  beam  9  of  neutral  particles  does  not  bend 
at  the  point  P,  but  continues  straight  on,  and  the 
diameter  d'  thereof  on  the  iris  6  is  determined  by 
the  projection  of  diameter  ds  of  another  iris  5.  The 
distances  from  the  ion  source  1  to  the  irises  5,  6 
are  denoted  by  Ss  and  S6,  respectively.  In  this 
embodiment,  the  angle  9  is  1.75X10"2  rad 
[approximately  one  degree],  so  that  the 
approximation  9=sin  9=tan  9  holds.  Therefore, 
the  relationship  between  the  diameter  d'  and  the 
diameter  ds  is: 

(3) d'=(S6/S5)d5 

If  the  distance  from  the  point  P  to  the  iris  6  is 
denoted  by  I,  the  distance  Ax  of  a  point  where 
neutral  particles  reach  from  the  center  of  iris  6,  is 
given  by: 

(4) Ax-I  •  9 

The  iris  6  has  a  hole  of  diameter  d6  at  the  center 
thereof  to  enable  the  passage  of  the  beam  of 
desired  ion  seeds.  To  prevent  the  beam  9  of 
neutral  particles  passing  through  this  hole,  the 
following  requirement  must  be  satisfied: 

(5) Ax>(d'+d6)/2 

In  this  embodiment,  d5=d6=0.5  mm,  S5=100 
mm,  S6=260  mm,  1=170  mm,  9=3.5x1(T2  rad, 
therefore  if,  Ax=2.97  mm,  d'=1.3  mm,  Equation 
(5)  is  satisfied. 

The  reason  why  the  intersection  point  P  of  the 
two  optical  axes  is  positioned  at  the  center  of  the 
EXB  filter  is  because  the  positioning  of  the  focus- 
ing  point  of  the  beam  by  the  lens  2  at  the  center  of 
the  EXB  filter  4,  as  shown  in  Figs.  1  and  3,  is 
convenient  for  the  formation  of  a  microbeam, 
because  of  aberrations  in  the  filter.  This  embodi- 
ment  preserves  this  convenient  feature. 

In  the  EXB  filter  4  of  the  present  invention,  the 
optical  axis  of  the  beam  is  bent  through  an  angle 
9  at  the  inlet  and  the  outlet  of  the  filter,  but  the 
angle  9  is  as  small  as  a  few  tens  of  mrad,  and  the 
deterioration  in  the  performance  of  the  EXB  filter 
due  to  the  bending  of  the  optical  axis  is  negligibly 
small. 

In  a  conventional  apparatus  based  upon  a  liquid 
metal  ion  source  using  gold  as  the  ion  material, 
samples  were  found  to  be  contaminated  to  a 
degree  of  between  1013  to  1014  atoms/cm2  per 
hour.  With  the  apparatus  of  the  present  invention, 
on  the  other  hand,  no  contamination  was 
detected,  and  it  was  found  that  the  degree  of 
contamination  was  improved  to  at  most  1010 
atoms/cm2. 

According  to  the  present  invention  described 
above,  it  is  possible  to  produce  high-performance 
semiconductor  devices,  since  samples  are  pro- 
tected  from  contamination  from  neutral  particles 
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pour  balayer  I'echantillon  (3)  avec  le  faisceau 
ionique, 

caracterise  en  ce  que  I'axe  optique  du  trajet 
du  faisceau  ionique  est  courbe  dans  le  filtre 
de  Wien  et  le  filtre  de  Wien  est  dispose  le 
long  du  trajet  du  faisceau  de  telle  sorte  que 
ledit  point  de  concentration  et  le  point  de 
flexion  du  faisceau  ionique  sont  disposes  pres 
du  centre  optique  du  filtre  de  Wien. 

2.  Dispositif  selon  la  revendication  1, 
caracterise  en  ce  que  ledit  point  de  concentra- 
tion  coiincide  avec  ledit  point  de  flexion. 

(b)  un  premier  systeme  de  lentiles  electros- 
tatiques  (2,  5)  accelerant  les  ions  emis  par 
ladite  source  d'ions  (1)  et  concentrant  lesdits 
ions  en  un  point  de  concentration  le  long  du 
trajet  du  faisceau  ionique, 

(c)  un  filtre  de  Wien  (4)  separant  lesdits 
ions  concentres  selon  leur  masse, 

(d)  un  second  systeme  de  lentil  les  electros- 
tatiques  (6,  2')  concentrant  lesdits  ions 
separes  selon  leur  masse  sur  un  echantillon 
(3),  et 

(e)  un  deflecteur  de  faisceau  ionique  (8) 
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