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 gl. Introduction

   There  are  several  main  aTeas  of  application  for e-beam

 lithography. Two  of  them  are  a)  mask  making  for all
 kinds of  optical  lithography,i'j) X-ray proximity
 printing6} and  ion beam  steppers"9)  and  b) direct wafer  ex-

 posure  for the development  of  new  devices with  ex-

 tremely small  lateral dimensions such  as  new  cell con-

 
cepts

 
for

 silicon technology,iO) GaAs  electronics,ii)

 optoelectronic  components  or  quantum  devices,i2) For
 research  and  fabrication of  these ultra  small  devices, the

 throughput  of  today's conventional  e-beam

 nanolithography  equipment  is orders  of  magnitude

 srnaller  than  that required,  In this paper  we  would  Iike to

 discuss e-beam  nanolithography  with  special  focus on  the

 throughput  problem  and  propose  a multi  beam  (MB)
 system  for obtaining  throughput  improvements.'3} This
comb  probe concept  will  be  applied  to the inspection of
nanometer

 patterns and  finally some  novel  multi  ion
beam  techniques and  their applications  will  be presented,

g2. Throughput  in E-Beam  Nanolithogruphy

  When  extremely  small  patterns below 500 nm  have to
be exposed,  throughput  is an  ongoing  problem.  For one
6-inch

 wafer  with  50%  coverage  and  a  20 ptC resist  for ex-
ample,

 the exposure  time  in a  conventional  e-beam  pat-
tern gene;,ator with  10nm  spot  and  50A/cm2  current
density amounts  to 1 year per level! Thus the  overhead  in
a  lithography system  such  as loading, beam  aiignment,

stage  movement  a.s.o.  is of  minor  importance and  the  ex-       .
posure  time  becomes  the determining quantity. In the
case

 
of

 
exposure-limited

 throughput  7L.,. we  obtain  (see
Fig,    1)

          7Lxpas;Ci 
==i

 
-i
 mna2[Cli}2),  a)

which
 is determined  by the  bearn current  density1' (beam

current
 D, the coverage  X, the resist  sensitivity  C, and  the47

average  number  m･n  of  the smaliest  exposure  elements  ti2
exposed  in parallel. The  smallest  exposure  element  ti2 is
determined by the smallest  possible spot  size  diameter  6,in

 a round-beam  system  (half width  of  the intensity
distribution) or  the edge  slope  i in a variable-shaped  spot
system  (resolution). To  expose  an  element  02, a  minimum

number  of  electrons  N  is necessary.  N  has to be
suficiently  large to keep the statistical fluctuations below
a desired level. The smallest  surface  charge  density (resist
sensitivity)  is then

                   c)  {;,l, (2)

For a  pattern element  of  100 nm  diameteT  exposed  with

about  10000 electrons,i`} eq. (2) yields 16paCoulomb･
cm-2  when  keeping the  dose fluctuations by shot  noise

below 1%, Combining eqs,  (1) and  (2) and  taking  into ac-
count  that the critical demension d  is correlated  with  the
resolution  ti of  the  system  d,=mti  (m= 4.,.5), we  obtain
the relationship

Ne
TexpoT

    O.B 

 [cm2/s] 

    O.6 

O.4

O.2

       O.2 O.6 1.0 [pm]
               -dc

Throughput-Limit
forCirtical Dimension d,

/ndi/--Z'lfld."---m6-N!

ThroughputT:

Teipoltt-'IItm  nO2

MinimumdoseC/

c.,. 
-
 {il 

-
 
Ndi
 2e {Il : lg8 

,.}=i6ge.2

Texpok-i:'(=
 k 

-KiE'
 dc4

2')':7t forvsss

Fig.
 
1.
 Limits of  exposure  speed  fer single  spot  systems.
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restrict ourselves  to these approximations  for simplicity).

IL he resuEt  indicates (eq. 3),, tZiat the  throughput  
T,.po

aecreases  by more  than  3 orders  of  magnitude  
when

 go-

l:.g,,g,iO,gi 
.a,,g',2

 ge,,ff,n,.?.g,,,gi 
!.",T2,,gs,tS:rg･,.d.us

 .kJh ih,:
fact that smaller  beagns csn'L'ain less current,

H. eeERRMANN.  A, HFIIBERGER, E. KNAPliK, P. SCHAF=ER, U. SCHNAKENBERG

           with
 a beam  current  of  a  few geA on  the wafer  target. This

       (3) Bk.o,,",id.ge//:･1',i",gggX,.Pe,S,X,rg,SP.e,ed,,,Of,gb,O,".t,Pi.iC.?ll,!,S,i:}

2.1 TIPzemuiti-beava c6ncupX

  Conventional writing  systems  with  a  single  spoti5) ex-

Dose  one  image point at a  tirne, which  is a fiexible {nethod
inst leads to low  throughput,  E-beam  steppers  

m
 
con-

l'Ea,i,ts,P,VkO,gi.:?,a.M,El.ii,lr,TiUN,l,eX,P.gi"i.3g,Pe,e,d"1/"lb,"t,":,:ftt,-.
beam  (MB> concept  i,s to corabine  the  fiexibility of  

a

writing  system  with  the speed  of  an  e-beare                                       step. per,

leading to the prgncip. ge of  a  csmb  probe  printer,

  Figure 2 represents  a  scheinatic  of  one  possiigge con-

figuration of  tbe  printer. A  ribbon  beam illuminates a

     array  of  sauare  hcles im a  thin  membrane  
apeTture

//?aetaerto forTn sh'aped  beams. Each beamlet is proviged

with
 its own  microcapacitar  (defieetion plate"J allowing

 vrobe  defiection foT individual beam blanking (see side

 View of  Fig. 2). The  pateern is generated by  stepping  
the

 compiete  comb  probe  sideways  to fi11 in the gaps between

/):･go.eP

::･:Prrk･Skg･:,g,ig2V/fftg::
"

geti/8
a

:d,k,:
"ee,IMtglk,/O

,f3i.llalia,tB,

 lffected collectively.  Hovvever, intensity rnodulatRen  
is
 
a.p-

 plied to each  beam  indaviduaily, similarly  to a method

 reported  earlier.!S･'g>

   First experirllents  i./ltdicate that  it seams  feasible to

 form hundreds or  even  thousands  of  deflection elerfients,

     meeting  the Tequirernents  of  the printing system.
 thus

 The  goal foT such  a system  is to combine  nm  resolution

s

  sour:e

   cy,ir.derlens

ue.･

:ondenseTIens

contrclplate

side  view  ot  lett figure

     abiLii
  -i"

magnitude  larger than  that  of  today's conventionas  
equip-

ment.

  The beam  cuTrent  on  thc wafer  can  be further improv-                                 '
e.d,12y,J,e2d,`g,gs,ag2.:i,:C,ii:".,,b,eS,M,i81,,b.Z,i,P,t,,",,S.'l,2C,?g

seem  quite promisiflg fer this purpose. 
The  sources  

are

?g,o/lsc,te,d,i,"･,to,,`Se,yg,z",e,stlh,g'Zg.c,oe.tio.l,gis`,2,2,,,t,,tLXitk'
fis shewn  in Fig. 3. Each  source  consists  of  a  p-n 

diogte,

ioiased in an  avalanche  breakdown. Electrons diffusing

into the  strong  fie]d wjthin  tine p-n region  are  accelierated

directly into the vacuum,  Because  of  the  smal1

:,a,P,a`g,":",C,e8.f,,i:fi,S,J:lcgS.G･Sgr.r.cg,d,i:.m,s'f.r,a,b.oyi,i.s'.I?l
 range)  and  their brightness is comparable  

to
 
field

 gmi?-
 ters. Thus a  great deal of  further improvement capacgty  

is

 available  within  the  ve(EB (cornb probe)  principle, and

 stage  speed  and  data transfer rate  will become the domi-

 nant  facters that limjt tinroughput in nanolithography.

2,2 Requiremengs.formugtg-beam  systems. ,
  One  of  the most  stringent  requirements  

m

              is the  placement  accuracy  of  tke pat-
nanolithography

tcrn,  The principle of  the comb  probe  printer is especiglgy

a.d,ae,te,d,t.OhlgiS,\EO,b,ge(M,e,B,e,C,,a..".Se,O.fB?,2.S,M,a'2g,ei].e,3tiO.i,

nonlineaTities
 due  to defiection distortion and  beam  settS-

ing are  avoided.  (ModcTn metrology  tools for nanometer

pattern measurement  use  the same  principle: fixed beam,

moving  specimen),  Ing addition,  the blanking  
egernents

are  positioned in the object  plane and  thus do noe  
eause

ps,'lgk",, SAzpggc,.e:l-B\k,?y,,l:,a,1:,, gg,f:ii:tig",･, s:i, ,kh, ,sg

to nanolithograp'lty  pattern generators.

  To  guarantee  full flexgbility of  a  MB  system,  
'L'he

 elec-

 tron  probes have to  be as small  as the  underlying  CAD

p.agrag,t/g(,n,p,g,ax2e,g,i,":sss,s.ggee,rg":,lge':e.so,zr,:ti."ge

  gi,c,atg?sJg,:.:,e,za,m,zBatr.".iT,'g,"ge."l:`e.tkO.dU,S?kl'g,ue,Sd-
 in Fig, 4, Instead of  one  aperture  plate, two  of  thern aTe

 employed  for MB-formation. For mask  making  
they

 coincide;  for high resolutioR  direct wafer  
exposure
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mask  making

(high speed)

Mtilti-Beam Concepts  for Ntinometer  Deyices

Waferexpo$
(high resoluti

aperture  plate

piezoelectric
drive

fixed aperture

mevingaperture

Fig.
 4. With  the  variably  shaped  multi-beams  (VSMB)  different re-

 quirements for retic[e making  and  direct wafer  exposure  can  be met,
 

Probe
 shaping  is performed  by moving  one  aperture  plate wiLh

 respect  to a fixed one.

                                          49

   This problem will be solved  for the e-beam  printer by
 making  provision for a demagnification change  of  several

 percent 
together

 with  a  small  rotation  of  the complete

 
cgmb

 probe. How  to fit the pitch of  the comb  probe  to a

 given design grid is best explained  by  using  the numerical

 
example

 in Fig, 5, The complete  comb  probe  with  a pitch
 of  200 nm  is projected onto  the wafer  and  scanned  in a
 Mebes-like raster  while  the stage  is moving  normal  to the

 Fomb probe  (Fig. 5 upper  part), By using  a  suitable  blank-
mg  sequence,  a  pitch of  175 nm  can  be realized,  Combin-
ing

 this pitch with  a  ± 7%  magnification  change  allows  a
range  from 163 to 187 nm  for the pitch to be covered.
The

 other  examples  in Fig. 5 reiating  to 200 nm  and  225
nm

 pitch clearly  demonstrate the procedure  for obtaining
arbitrary

 grid patterning. The problem  imposed on  the
electron

 optics  is to maintain  full aberration  compensa-

tion when  changing  the magnification.  The  method  de-
scribed,  however,  should  be suMcient  to fit the pitch of
the

 comb  probe  to arbitrary  design grids. Accurate  con-
trol

 of  pattern dimensions requires  the proximity effect25)
to

 be corrected  for, This is possible by suitably  adapting

?he exposure  dose. The largest dose determines  the  stepp-
ing

 
frequency

 of  the  comb  probe:  a  smaller  dose per im-
age

 
element

 can  be achieved  by using  shorter  blanking
periods,

 200nm--

f25nm

-x-'r

>1
e-beamrasterscan

1e-beamprobesenwafer
y

- x

scate i

f 1 f
stage

'

Mebes  [ike pattern generation

163...175nm.t87

  186...

 200nm...214

 210...
 225nm,,240

k-17snm--

1-2oonm-1

/

2.3 instrumentdasign

  
A

 schematic  of  one  possible MB  configuration  is
shown  in Fig. 6, The  ribbon-beam  illumination should
provide a  current  density )50  A1cm2  in the wafer  plane,
A  line-shaped cathode  is magnified  by a  telecentric c6n-
denser lens system  for the illumination of  the 20 mm  long
array

 of  1024 square  holes. A  magnetic  multipole  inside
condenser  2 compensates  both the spherical  aberration
and

 the  astigmatism.  The electron  probes  are
demagnified and  imaged onto  the wafer  by a  double

aperture-linearsource-
paLP"/

L22snm-1
blankingpJate&   ･-l

Fig,
 
5.
 

Matching
 the comb  probe  to  arbitrary  grids by combining  a

 
smal1

 demagnificatien change  (7%) with  a  suitable  b]anking se-
 quence.

aperture
 is shifted  by means  of  a piezoelectric  drive,

resulting  in smaller  probes  but Iess current.  Thus  the
probe  size can  be easily  adapted  to the desired pattern.
  In multi-beam  approaches,  the probe  can  only  be
deflected by a collective  procedure.24) Therefore it is
diMcult

 to vary  the relative  position of  individual beams,

FIthough this is necessary  to take  design grid variations
mto  account.

4

/
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     /
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Fig. 6.

 JmagmgPens4

 stigmator
-deflector

Schematic  of  an  instrument design.
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telecentric  imagmg  system.

Iines per field without  dynamic corrections,  it generatgs a

?i:li:'gi"iZmt'gCrEb2fsi;0e9.pt"£eX`Ser"Ri':g3iPfi:aM,iorneSi?ieel'Z.:

tke  lens excitations  and  the  rotation  of  the comb  probe  is

eeYmedaptZ':cr8tSiPoenCZ-kOdtrhoetSttrognecbia:gWee8rkei;eeif//ieTnQeCd'Olk
electrostatic  multipoles  if necessary.  The  distortion of

          be must  be coTnpieteiy  corrected  by meanstohfe
 
CIOeffsb

 
PerxOcitations

 aand the pole piece shape･i6)

Preliminary ealculatioris  yieLd aberration  dises of  aloout

3C nm  resolution  acTess  an  aTnage field diameter of  
208

ptMT. gFei 
gm'
 
o7s){

 
criticai

 
part

 
of
 the system  is the  controi  piate

shown  in Fig, s, c5nsisting  of  the  probe-formmg  aper-

L"s,e･LaE?a,",d,`h.e,,d,:fl.?,gtig",.,p,iai･gf,o,ucav'd.u:,ibs,2m,.
 troplating  a thin Au-membrane  or  with  a  3 ,um tkfick

 silicon feil using  standard  micromechanical  technogogy.

 The  fabrication of  the deflection plate is illustrated zn

 Fig, 9. Starting from a 4-inch <iOO)-orientated wafeT,  it is
 covered  with  a  low pressure CVD-Si3N4 layer for passwa-

 tion,  After etching,  a CrlAu  rnetaliization  is applied  as a

LIscHK[., W.  BENNEcKE,  M.  BRuNNER,  K. H,  ff'ERRN{ANN, A. Hin'uBERGER, 
E.

 ･ ' This  has to resolve  lOsOOO seEMENs

KNn,pEK, P, ScHAFFVR, U, SCHNAKI.NBERG

      LPCVD-Si3N4
      .tt
     1 OOO)-Si
a) 7Tnd  

,!
 mu.t

m
mu

  Au

b}fi-L.  t-.!zz.i.Xi

--va -ZM'

   Besist
=)
 ff･:r

 -:-ti.-･]7rt-F,d.]Fti･  t･

 -200pm

m

m
'-Enl

d)-ill

IIIi7=rs.-rK-10pm

pm

T4oT,M20l

l
 t ttt t
 t tttttt
. tt+.t .t
 t/ tttt     '    ttt

/ [ltl ' 111S･ 
',
 

'idistancefremaxisn"t'

l.`Ol
  

,ol

   j

ge'abrication of 
'the

 deflection plate
CU.Schnakenberg,IMT-FhG,a9S8}

V'ig. 9. Fabrication  o.: defiection plat: (left) and  microcapacttors  
with

 inteTconnection lines (right).

pt
   rf  O.O mm

t'i･

r=O.02mm

+va

r=O.04mm

",t"F.effTfve-'t

distancefromaxis

  
,.7Mr=e,06mm s"J----r--.-

r =･ O,08 mm r-O.10mm

Fig. 7. Ca]culated aberratgon  d.ises indicating 30 nfn  re?olu:･ ion 
within

 200 "rn field sizc.  Uppe=  close  to axis, Lower:  off  axis.

   .llL,

4"5
L.,,l

apertureplate

   !sha
 "
 --2F--

et -..muw
  di".tsE'

'

1'

i

7

plating base, followed  by lithography and  Au-elec-

troplating to form  the interconnection lines, The

microcapacitors  are  egectroplated  in resist up
 
to

 .a
thjckness of  approximately  2S um.  The  blanking plate is

finished by anisotropic  wet  etching  of  the  siljcom  
bylk

xnaterial
 from  the rear  side  arrd  by removing  the plating

base,
  Special software  and  electronic  hardware is required  to

control  the e-beam  comb  probe and  to supply  the

capacitors  with  the deflection voltages  respectively.

Although  the limae-printing frequeney  is relativegbr  
gow

     1 MHz),  the cemplete  pattern information for the(severa'full
 line has to be  applied  simultaneously  to all electron

probes.
               cial pattern  generator is being reaiized

to
 5g nPtrreeSle6n4t'oauStPoef ioi4 microcapacitors  in paraliel with

a  clock  cycle  time  of  several  MHz.

defLectienplate

Fig. 8. Control plate, consisting  of  a  probe forming ap. eTtvre  Dlate

 and
 a defiection pE,ate for E"di/vidual beam  blanking.

2.4 77!roughpui  comparison  of multi-beam  esdiew ver･-

    sus  variabSe  skaped  spot rV:gS) systems

  In accordance  with  eq,  (1), the  exposure-!tlnited

throughput  for MB-systems is proportional to M,  
the

average  nuTnber  of  usable  beamlets for a  pattern,. wheTe

m･n
 is the ayerage  number  of  exposure  elements  in VSS

systems.2G'29)  If we  assume  the  same  current  density on  tke

target  for both  systems,  we  simply  get

                 ?'k,,=M  (4)
                 n,ss mn

As  long as  this ratio  is >1,  the MB  throughput  is

superior  to that of  VSS  due to the larger number  
of

 
ex-

posure  elem ¢ nts  printed at a  time.  Figure 10 ilgustrates
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Comparjson  MB  vs  VSSr
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Mbelti-Beam Concepts  for IVanometer  D
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      M
      "  -103
      

'mn
    ･
   

La

            l
 c)largegrid,d>>b
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           ndtieme- 102
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,"i:I

 
amples.

 
The

 mean  value  of  the  beam  curTent  l' is expressed  by  the cur-

 
rent

 
densityj.and

 the  mean  value  of  the probe  cross  section  Z An  
e

 
beam

 
system

 
is
 suprior  to others,  that allews  an  optimum  nufiber  

o}

 
exposure

 elements  m･n  (orfi) to  be exposed  in paralle].

l2g.e7.2:･.a.mei,e,s,eg.vL\g,sg.?S,s,o.ve,r.agE,･,go,`".g,,Z'o:'g.ecg,2
 pitch     , The anlalysis  demonstrates that MB  yields ultimate

t?g,o,"g,gp,tt,fgg,:li?,szsyl.ut･lo,",2:eo.iltep,g,rsp,l.y,g?ltikegfi
grids etc.),  while  VSS  is superior  in the case  of  

coarser
structures

 and  Iow coverage.  (In the examples  jndicated
we

 assumed  the maximum  aspect  ratio  of  VSS  to be 1:1O

7g,dYe,ia,2g,z`,c,r,os,z,s.ef.tip.".oi,th,zv,:gl:ss.ih.ap,e.d,tp.o-`
parison between MB  and  VSS  it should  be added  that  the
MB  system  seems  to have advantages  with  respect  to
resist

 heating. The  comb  probe  extends  over  a  line of  200

giM,u,,W.zaC:;'ZiS,r.ge.C,2:.lga,ke.d,,W.iih.,tl:,:a,:･teXL".::2",gi,2g
severe.

 g3. Multi-Beam  Nanometer Patterll Inspection

   When  evaluating  the physics of  defect inspection of

:,a.",o,llli:teE}R･,2`,te,".s.wlkh,el,es,t,21,,b,e:m.,s.･,2hg,thg,2u,g,h.p.gl
 Keeping the           

fiuctuations
 of  electrons  (shot noise)  small

corppared,with
 the defect signal  amplitude,  this leads to

gn inspection  throughput  <  1 cm21h  for 100 nm  patterns
inspected  with  conventional  systems.30)

  
In

 
older

 to improve  the throughput,  an  e-beam  techni-
que  

utilizing
 the multi-beam  concept  is proposed.  It uses

several
 beams in parallel to scan  across  the sample,  each

:
b

:
e

.

a,,mM
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"

.pel,11(llAgy:.2Ckgclfi
dogn'

I,.
ep,i

/
e

i,E,'gO.a.;,/,`i:.,kg)'n,
i

:/i,gl･Oi.
"i.i]iui,

Inask1wafel are  indicated). Each  of  these primary  beams
is
 
thus

 equivalent  to the beam  in a  scanning  electron
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nanometer

 patterns with  paraliet

  
microscope.

 The  comb  ofbeams  is focused onto  the s

  gg:.ug,i:g,:.d,efg`:ajigg.,Lm,I:･,z'gjo.",l･g".s.:y,Lts,itio,t's.g2.I!Y
  

celerates  the  secondary  electrons  SE which  are  generated
  

by
 each  probe  in the  opposite  direction. A  magnified  im-

  
age

 
of

 
the

 
illuminated

 elements  is thus formed  in the up-

  ge,z,p.%r;.ogkhs.e,i,e,ctr,o,",ho.p.ti?:i,C,zi.",M,:.(,",gZ:'",?.".iZ,?.".e
  of, the system  is equivaient  to an  emission  electron

  
microscope.

 A  deflection system,  e.g. a Wjen  filter, is
  

used
 to place the secondary-electron  image  off  axis onto  

a
  linear image sensor.

   This
 detector provides sensitive  areas,  each  of  which

  
detects the secondary  electrons  generated by its corre-

 ae･:}/I;/d,L",g,er,::/:a,r,y,p.'.o.bs',T,he,,/rg"s,iB,\e,?,'a}e,g.by,$,e
g.th.es.' ,e,zar, :tis.i was,ce,x?.?,ii2m,,.p."t･zr;'g.\7c,fiisga zfi2
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ondary

 electrons  onto  the linear image sensor  can  be met
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resulting

 throughput  improvement  is proportional to the
 
number

 of  primary beams and  research  work  is under

 way  for its experimental  verification.

 g4. Multi  Ion-Beam  Techniques

  The scattering  properties of  ions in comparison  with
e.lectrons

 are  best explained  by the Monte  Carlo calcula-

ii.o.",s ::)i,li[a: 
p`,p.eg,igl"

 g",d,5y,s,ev･3}',d.e,p,lzt,:･:,i".Flci,,t2fi

:
S

t
"

,

baiili:ali,e
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;a,/y-ig
e
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C

:2,\,
e

:
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a larger volume,  Ieading to the proximity  etfect.2S) From
these

 scattering  properties, ions seem  quite promising  for
nanolithography

 without  suffering  from  the proximity
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Fig, 12. Scattering properties ofians  in comparisen  with  
elcctrons(i..

 Karapiperis et ai, 1981; D. F. Kyser et ai, 
1975).

effect. For focused  ion beam  lithography tine saine

throughput  problem  exists  as  for electrons.  Therefore  
the

gge,ttAgn,,[:,?g,b:J･a,tgfiS,ar..;o.,w,n,?lg.ei1･?e.M..B,hco,n,ce,2t,s,".:
for focused ion-beam milling  (e.g. mask  repair)  gn order

to avoid  redeposition  asud  to irnprove speed.  .
  The  defiectiorm angle  or of  charged  particl.es in a

homogeneous  electric fiegdi (capacitor) is given by (see

Fig. 13)

                 .=iY
 (s)

                    2di (J,

          (t=capaeitoT length, d== capacitor  spacingpt

which  is obvieusly  independent  of  the  particle. mass.

Thus  the same  defieetion device can  be used  fonops.as

 well  as electrons,  The  bEanking frequency, however,  
]s

 ln-
 auenced by the large ion mass  causing  a low drift velocity

 through  the defiector, , The  ultimate  blanking frequcncy

               11 i
             f=-=.=J with  zit=-- (6)
            

"
 T･ zzg  v

 is obtained  by v=(2q(J6J'  ngY/Z  and  eq.  (S):

              f=ttr.U,(.2q.,)
`'t

 (7)

 A  fixed defiection angle  or, a  capacitor  voltage  U  ana  
a

g7g;Lfi,k,iOs,e,",Zrs･x.%,iLft,).f,?q,X`g?,`elzSi,si.alt.e.bew.e,n,;h.?

v
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 t ts

doflectien an  le:
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 independentctmflss!

   2d  Uo

blankin :

 t-l=2-1dii Ate+,

 "i 2'£･ id 'V211Ii."
for ions  suricientev  large ier d<

Fi?i,I,/L'.
 
.D,E:egS.r,Z

 
a,2g.';'.

 ZZ:.:i;:",k,1:g, 5.r:el-:"gl,g;:,g･hg"g,f:'",;':zii
 capaciter  plate d/,stance d. The  :ontrol  piate meets  

this
 
ree.uirernent.
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Fig. 14. Ion  beam  steppeT  witb  modifications  (controt plare, 
ribbon

 beam  illumination, beam  stop)  for multi  beam applications  (by per-

 mission  of  IMS,  Vienna,  AustTia),

the garge ion mass  rm. The  control  plate as discussed an

S2.3 exactly  meets  these  requirements  and  may  thus be

used  in an  ion-optical arrangement.  .
  The ion beam  stepper  seems  to  be best suited  to m-

troduce the MB-･concept  into ien optics,7']3)  bur with  
two

modifications  as  shown  in Fgg. 14. The  mask  has been

ke,elgze.Sl.y.as,o.",ttg]p,i'a,ke,[?.r.gfi..".ei,aScg,a.n.Frr.kb?r,,o,fg:'-
beam  to improve  expesure  eencieney.  Minideficction of

the  resulting  comb  probe is performed by means  of  
an

eiectrostatic
 rrtultipoge.  Focusing  and  alignment  

nTe
 per-

formed by  standa.ra' procedures.

g5. Snmmary

  In summary,  we  introduced the multi-beam  c.oncept

for applications  in nanolithography,  in pattern mspeg-

kLo,".･,a"S,g:,g?,"m?sai･:.Be;.h.",iqv,e,s6.U,//;g.,`hgg,p//pE"L\gel.i;
magnitude  compaffed  with  today's most  advanced  

equip-

ment.
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