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In the paper we propose to show the PIG ion source with
axial ion extraction is suitable for formation of ion beams
with absolute value of energy known with great accuracy I1ev.
The hydrogen ion source mentioned wgs developed for the use

in corpuscular diagnosgtics of plasma [1]. The structure of
ion soﬁrce is simple and it can operate some hundreds of
hours without repairs. Energy of ions flying through the re-
flector cathode ehannel is defined by the potential Vr be-
tween reflector cathode and anode. The minimum energy of ions
is about 120 eV, total intensity of the ion beam I(H+ H2,H+)=
= 45 pA. Discharge current I, =(0,2 - 6) mA. megnetic field

= (400 - 1250) G, gas consumption Q = 0,8 cm” per hour. Un-
symmetrical feeding of the Penning discharge is posgible [2]

with Vk $ Vr’ where Vk is the potential between cathode and

anode.
Fig, 1 shows a schema-
p zzzzzzzzd 4 = D tic representation of
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the apparatus in which
mmmm
ION SOURCE the energy of ions was

measgured.
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Energy distribution for ions ejectéd from the ‘enning
discharge with Vk>Vr is shown in Fig. 2. In the standard ion
beam I{ there are positive ions (HI,HE,H? and reéidual gas

ions) with an energy gt = e(Vr - AVa), where the potehtial

0 | I
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fall AV, between the anode and the axis of plasmd column va-
ries within (0,5% - 80%)Vr,'according to the discharge para-
meters and the geometrical size of the gelectrodes. Energy
spread E< 6 eV and V,<2V can be reached, when a quiescent
Penning discharge burning 1is held with A1« 1, where ALl is
the ion path through the cathode potential fall and 1 is thev
distance between the cathodes [1].

In the negative ion beam spectrum we can see the peak Ii
in which negativé jons, namely 07, OH and H were detected,
These jons are created in the interaction of positive plasma
jons with the molecular layer adsorbed af the Al cathode sur-
face [3] with starting energy E, = 1,5 eV [4]. After accele-

o
ration and deceleration in the cathode fall regions, the nega-
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tive ions leave the discharge tube with the energy Ei = Eo +
+ e(V, - Vr)' Passing the discharge tube and vacuuh chamber
of the apparatus in which a pressure p< 5.10—6 Torr is held,
negative ions undergo collisioq processes with gas molecules:
the dominant process 1s single electron loss in which a beam
of fast atoms is generated. Passing the vacuum chamber the
energetic atoms lose or capture one electron and they are de-

; and Ig respectively., The proton beam

tected as the peaks I
I; is created, when negative idns H™ lose two electrons in
discharge plasma region. The proton energy in the beam Ig is
Ey = e(Vk + Vr) - AR, where AE; implies energy losses asso-

ciated with the collision processes mentioned,

The beam of negative ions IE contains 0° and H~ with ener-
gy E5<iEI « We suppose these ions to be created in the disso-
ciative collision processes of residual gas molecules with

secondary electrons near the cathode.

High energy taile of the beam II which contains H~ only,
could be explained as follows: plasma ions with energy
Enuevk fall on the cathode surface and after one or more col-
lisions with lattice atoms they are reflected into the dig-
charge tube. Energy distribution of the reflected ions H-,
produced by dissociation of the primary ions HZ and HB’ appe-
ars as the regions B~ and A~ respectively. We can also see

the specific shape of high energy taile in the beam I+

The beam of neutral particles is formed by electron at-
tachment, when the beam Ii(Hl’HZ’H3) passes through the char-
ge exchange gas target. Fig. 3 shows mass spectrum of the

primary hydrogen ion beam with energy 6 keV (peaks I, - Ig)
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and the secondary ion bean rormed after passing the priaary

ijon bea. through cha suchange targei anc stripping target

{neaks I, - le}. he Jischarze potential Voo o= V. = 350 Ve
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The peaks IB’ £5 and I- are ithe peams Of M{, ., and u;

-

respectively. The pcaks Il, T.. and 14 are formed Dy ilons H{
and B produced in dissocl t
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gas molecules.

Ton intensity of I7 - Ill ig not in proportion to the
density of Hl and PE in the neutral beam between the tarzets,
because the large effectiveness of dissociation processesSe.
Target pressures were typically p = (4 = 8).10_3 Torr, charge
exchange target containing 02, stripping target I . inergy of
hydrogen atoms represented by the beam I is E° = e(V,- AVa)+
+ AL = E, vhere AE<1,5 eV [5] is the exothermic energy

and Ee the energy loss due to the internal excitation of the
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product of.

References

[1] &. Jakubka, J. Stockel, Proc. 1llth Int. Conf. on . hen.
in Ionized Gases, p. 482 (1973)

[2] 7. Plinta, Nucl. Instruments 2, 219 (1$5€)

[3] J. Stockel, K. Jakubka, Proc. 5th Czech. Conf. on Llcc-
tronics and Vacuum ~hys., p. Ia-18 (1572)

[4] i« wamingk;, Atomic and Ionic Impact .hen. on lietal
surfaces (1965)

[5] :i.H. Pliicchnann, Hes. Young, J.ui. McGowan, rhys. Rev.,
13, 19 (1967)



