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We describe in this paper a method of jon beam production the absolute e e

energy velue of which is defined with the accuracy X 1 eviThe minimum

energy value reached is about 120 eV without addifional deceleration, =5

The source of H;, HZ, H;. and H™ ions is a Penning discharge with ] r\~~ %: 3
e .- ———— ——
unsymmetric Al cold cathodes supply [1] (Vi >Vp) and axial ion extraction -

Ve

through the reflector cathode channel (fig. '1). Dimension of the discharge
echamber are such as to satisfy a discharge plasma condition Dz L1,

where A z is axial length of the cathode fall potential regions AVK and

AV, and 1 is the length of the plasma column,” Intensity of the magnetic
field is about BOO Oe,
|

The typical energy spectrum of the ion beam is shown in fig. 2, The po-=-

sitive hydrogen ion beam l;t {the rate of its atomic and molecular components

Vg

depends on the discharge chambre gas pressure) whose energy E, is given
by the reflector cathode fall ‘

Vi~ Vo

AV = Vo = AV, (1)

where the polential fall A VAR hetween the anode and the axis of the plas—

ma column varies which makes the jon beam unsuitabie for the accurate ener-

gy analyser calibratio n

The negative ion beam I” conlains the ions H”, These ions originale lﬂ l b

in the bombardement of the cathode surface by the plasma positive ions, The
secondary ions H~ emitted at the cathode are released with small energy . -

E; < 2 ev. They are accelerated by the catheds fall electric field and after

passing through the discharge plasma and decelerating field of the reflector

A
H

v V)

cathode fall, they form the negative ion beam the energy of which agrees

N

with the potential difference Vi, - Vg (without including the energy E;).

Intensity of the negative ion beam I cannct be treated in a simple way.

However, as a rough approximation, equation (2) can be used assuming the

cosine . - law distribution

- 2
I = K 1, sin" @ (2)
where we take the coefficient of the negative ion secondary emission K=1Om1', FIGT

the intensity of the positive ions,'bombarding the cathode surface with the
energy about 500 eV, IA = 3 mA and the semi-angle of th‘e cone into
which the accelerated ions are directed to form the ion beam @ = 30 “
On passing the discharge chamber the negative ions undergo the col- 1,0

lision processes., The dominating process is electron detachment with the
. ~15 2
[

cross section GTD‘ = 10 m<. The intensity is then defined by the b
tenuation equation *
al 13
I = I exp F—n 6%.0 *) ] (3)
. - +
where the neutral gas density is n = 2.10%% cm™ ana x = 5 cm. o I 2100
o

The beam of HI ions IZ (fig. 2) is produced in the stripping collision

<1000

between fast hydrogen atoms and hydrogen gas molecules In an outside re-

I'x 094 —
Y

gion of the discharge. The energy of the ion beam is

—

D = E- 5 - 4
E, ET + E, + ABp - B (2)
where AEP expresses the variation of the plasma potencial \IP alang the
axis of the plasma column and Ei is the ionization energy of Hl' The po-— 400

tential VP can be positive or negative [:2]. E: Ebv]
The ion beam with the energy E,

E3=.:3~x-2E1~1-2AEp--1:.j (5)

is formed by H; ions produced partly in the stripping collision process be—
tween fast hydrogen atoms and hydrogen gas molecules in the region of the E
plasma colL}mn 1 which, under the condition of two collisions, expresses

equationt (6) [3], partly in the two-electron detachment collision between

fast negalive ions and hydrogen gas molecules — equation (7):

Ik 10" (4]

¢ {1 - exp (=n@ 1) - 6_?;_ [exp (-nG, D= exp (-nq.on]}
To 01 (&)

LA ) [1 ~ exp (-n 0, I)] (7)

In our experiment the intensities [ and [§ were in a good agreement 10
with the caleulated values which verifies our hypothesis about the origin of ' F]GZ.
the negative ion beam with the energy 57,

Applying the values of the energies By, Ey By and E” to the egua—

tion (1) and (4) or (5) we can find the potencial differencies AV and
AR References:
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As an example we present data of typical values of the ion energies
in eV and the corresponding discharge potentials in V for the discharge In [3] B. Michalik (to be published)
hydrogen atmosphere, These results show that the potential differencies bet-

ween the anode and the discharge axis are negative and small



