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        An iqn sQurQe bqmb4rded with firie electron beaJtn was st"died fqr several targets

     (Zn, Se, Si). The apparent source diameter was about O.5mm and resulted brightness
    was of the order of 10S.wlpt Aim.strad. And this fofi souree brightness ceukl be ceiitro11ed

    by the grid bias potential 1ike the triode gun.

                               1. !ntredueSion

    In reoent years great attention has been held in the field of ion physks, particularly

with respct to applicatl(ms in semiconductor ion imniantation.i> Generafty･ions are injectea

intq a semiconductor $ubstiata through a mask. If excei1ffnt fine iQn sQurces are deve!oped,

it is possible to inject any ion into the substrate without the mask. And in other fields

for instance mieroanalysis of surface structure a fine ion beam is required to increase the

resQfution.2) Methods to ps6duce ions are extremely versatile in contrast with the electron

erpissiQn.3) Up to now the universal method has not been developed. Particularly in order

tQ rnake ians, vapourizing and ionizing processes are necessary. Often an oven has been

used to ionize neutral gas atoms. If two processes take place simukaneously it is quite

convenient to produce metal ions.

    The high power density laser beam4)'5) or electron beam may be able to evaporate

metals in short time.6),7) In the case of laser beam bombardment the ionization process

wi11 be thermal for it$ high temperature but for electron beam bombardment the collision

with ¢lectrQns w!11 b¢ daminant for its low temperature. And these beams can be fecused

intQ a fine point, so a fine ion $ouree will be expected.

    In thls repo#t, the autbors pre$ent afine metal ion $ou:ce by fine electrQn beam

oblkitue bornl)ardment. The preduced iQns were extraeted by three electrode imrner$iQn

len$ system, The uscxa pctwer deinsiey was Qf the order qf 10` Wl`rmZ which was extremely

IQwer Qc}mpared wlth tbe case of lawt injeetiQn Qver IQ'OW/ern2. The extraetiqn voltage

was of tbe Qrder of 10KV and gct IQStig109A/strad･m2 as tftre normalized brightnes$.

Arrd thq ditxueter Qf foeused i(Mi beara was Qf the order Qf Q,4",-1･1 mm.

                       Z Brightness of an Ion Source

    9ua!ity ef an ian sauree i$ reprasanted by mamy pmpertias i.e. tocal iQn current,

 i I5epartpac;nt Qf Eleetrical llngineering, College of Engineering.

 pt ¢ettme of Electtieal Eingineering, Junior C6nege.
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                             '
divergencg..of beam, diameter gf ion source, velocity distribution, mass contents apd state

;f,gh,a,i',g,eil,.il}g, fi,ISk.t,h.e.EiXSg ,i:,//O.'glY. }..t P'oPerty fgf,. .a gun is thg. brightness of ion source.

                                               /-.                    B-1'!itP2==L/7it,27tuEi2 A/stradtm2 .1''' . . (1)

where 1' is the ion current density at the source in A/m2, P the semi-aperture angle of

the ion beam in ra' dian, rke the radius of source and L the total ion current. And J' is

given by

                          ]'=K)v=geanw,. (2)
where p is the charge density, v the velocity of ion, q the number of charge, e the charge

of electronr n the total density"of atoms and a is the ratio gf nurpber .6f ions ..to. total

atoms. The normalized brighBt:2ss(c/Bvn);'sBdefined aS fOllOWS if Y"i,:Ci ･. /,' '･･' '..(3)

where c is the velocity of light. If eV is the kinetic energy of ion, M is the mass number

of ion ap. q,m. is the mass of proton･, B. and Bn wM be rewrittep by ,. . ..., ,... ;.

 - B= tvl'2-aq312 e3i2nVll?/zm,1i2Ml/2B2 ..                                                    Alstr'ad･m2, . (4)-.
'

 , i B.=c2agi/2eii2nm.ii2Mi!2/tvl'2-nP2Yii2 A/str'ad･m2. '･ (4)'
                                                        'For the single charged ions it follows . '  '. '' .'"'' ' . . '' .'''
                                                 tl t tt t. t..t
    ' Bn =3.31×10-7･anM'i2/P2Vi!2                                                    A/strad･m2. (5)
                                              '
    Thus the brightness and normalized brightnessi depend on the mass of ion, accelerating

voltage V and aperture arigle P. The highest values reported up to now have been of the

order of 10iitvlOi2A/strad･m2 for H2 ion and of 10'O for the metal ions.

                                                          '

                         . 3. E4perimental Apparatus

' The diagrams of experimental apparatus are shown in Fig. 1 and Fig. 2. The electrons

emitted from three electrode electron gun with hair pin cathode were focused by the

magnetic lens onto a large area target at an angle of almost 200 to the target surface.

The accelerating voltage of incident electrons was mainly in the range of 6kVN12kV.

The diameter of electron beam was O.3mm and the used samples were Se, Zn and Si

which were able to vapourize with' 'comparatively low power injection density. Of course

these metal sheets were degassed in a vacum chamber. The bombarding current was

varied from 20ptA to 10ooptA. Ions were produced by･the collision of'evaporated atoms

with injecting electrons or secondary electrons. - The prodess of the'rmal'-ionization may be

thermal ionization may be negligible in our case.

    Thus generated ions were extracted bY three electrode imm' ersion lens system. The

ion current and secondary electrons were controlled by the pptential.of 'grid elbctrdde G

:g,g:ew,,.,"iV".Eig,',Z',la.'eg,p21,eg･,/j.aj.,･o!,s.xitrlc,//.,itL-/L.l,.l?.i,Ff-?,//i.,i,,,th/7t/li,I･l.g,llt/i.,,･r,･o-l･}ilill,ftit.h･h.:i6dg
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 of ion gun system.

Collector or flourescent screen,

       VG: Grid potential,

 VAi, VA2: Lens potential,

   earthed).

reached about 50%. And

experiment. This immer-

     as a true ion source.

 by the unipotential lens

 the property of the used

  were examined with a

 caleulated with the com-

   velQcity was postulated

VA2
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         -,･..･ ' Fig. 2. Electrodes
                 ' T: Target, E, Ai, A2: Unipotential focus:,ng lens system,
                                     G: Grid, E: Extractor, C:
                                     VK: Electron cathode potential,

                                     VE: Extractor potential,
Fig. 1. Section figure of used appatus. VT: Target potential (usually

positive ions. The ratio of total secondary electrons to primary

the presence of reflected electrons was demonstrated by a simple

sion lens system may make a cross over or a waist which is conceived

This minimum cross section was imaged on a fiourescent screen

E, Ai and A2･

                             4. Extraction System

    The characteristics of this ion gun were partly governed by

immersion lens. Therefor the potential distributions in this lens

resistance net-work and the trajectories of charged particle were

puter. An example of path is shown in Fig. 3 in which the initial

                                                 n, = -vVLecx lo2

                                                  l,4

                                        '
kE

                                                                ? 'u.)o v,..,.,2ov 3VL 4 3 '. .s - fz,{

 6 re                                                   .6

   o.osev vG=+20VX .･s･... .4 X6di
                                                                   5-

                                                        v3di
                                                   O 2 4 .6 8 10 12 14 mm
  Fig. 3. Examples of ion path near tatget. d.
         Solid line,1: No initial tangent, Fig..4. Grid cut off potential VGo versus
         Solid line 2: 450 initial tangeht target-grid hole distance d.-
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for O.05eV. If ions are produced near the target surface only, the cut off

defined from the axial potential distribution. The relation of the cut off

target-grid distance `d' is shown in Fig. 4 in a function of grid diameter

meten

vo!tage

voltage

cD' as

can be

 versus

a para-

                        5. Aperture Angle of IoM Beam

    The aperture angle of ion beam was measured from the photograph of ion image on

the flourescent screen without the focusing lens. Photograph 1 shows an example of ion image

on the screen. Microphototrace of these films fitted to the gaussian distribution. If the

region containing 95% of total current is defined as the beamwidth and the sQurce position

is at the target center, the aperture angle will be able to be measured

            Photo. 1 Photo. 2 Photo. 3
      Photo. 1. Image pattern of ion beam without focusing lens near cut off bl'as potential.

               (Here cut off does not mean true iQn beam cut off)

      Photo. 2. Focused image of above image.

      Photo. 3. Focused image of ion beam at deeper bias than cut off potential.

              6. Diameter of Minimum Cross Section of Ion Beam

    The cross over diameter 2rc, as was shown in Fig. 3, was obtained frorn the measure-

ment of the minimum image on the flourescent screen by changing the center eleetrode

potential VAi of the unipotential lens system. Photograph 2 shows an example of focused

ion beam image. Of course characteritics of the focusing lens was studied. From this

study the apparent position of the cross over point was assumed approximately to be on

the target plane. The true position of cross over was present near the grid surface. And

the true diameter of cross over point is given by the apparent diameter rnultiplied by

(yi/g2)ii2, where gi and g2 are the potentials of cross over point and flourescent screen.

The value of gi is reduced from the path and potential distribution. Then the true dia-

meter of minimum cross over was of the order of O.5mm. Measured apparent cross over

diameter is shown in Fig. 5 together with the other data.

                                 7. Ion Current

    The ion current was measured by Faraday cup using focusing lens. Figure 7 shows

the relation of the measured ion current versus bombarding electron current. Of course

the ion current, L, is also a function of the extractor potential IVEI, and the collector
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t
l curves appear at a value of grid potential mentioned in section 3, Figure 6 shows the

 brightness versus grid bias. Usually the three electrode gun shows the rnaximum brightness

 at awhenelt cylinder'potential'fot the immersion cathode lens charactersiticsi, in this ion

 gun the resulted brightness also shows the maximum value at a grid bias potential. At this

 maximum condition, with increasing the bombardlng electron current, the peak brightness

 B varies as shown in Fig. 8. This figure does not show saturation property under our

 experimental region, but steeper inerease in brightness with increasing of bombarding

 electron current will not be expected

                             9. Results and Digcussion

      The above sections show the possibility of the method te get the fine metal ion beam.

  The normalized brightness Was of the order of 108.vl09A/strad･m2. This value was not

  high but the ion current density focused by the lens was 30ptA/cm2, which was of the

  same order as in other metal ion sources. But to be controllable by the grid bias may be

  valuable. Though the ion current at the deep grid bias potential may be produced as a

  result of colksion of neutral atoms with secondary electrons from the target, the authors

  will not discuss it precisely here. And under the poor bombardment power density, the

  evaporation of metal was intermittent as water boiling. As the intervals between evapo-

  rations were shortened with increasing the injection power density, the observed ion current

  became near the continued value.

      Of course the samples were degassed in vacuum chamber near melting point but

  occluded gases were not degassed perfectly. But the ratio of aimed metal ions to total ions

  would be not less than several percent. The mass ana!ysis and the velocity distribution

  were not measured in our case.
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