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ATOMIC AND MOLECULAR SURFACE AND VOLUME PROCESSES
IN THE ANALYSIS OF NEGATIVE HYDROGEN DISCHARGES

J.R. Piskes and A.M. Karo,

Lawrence Livermore National Laboratory, University of California,
Livermore, California, U.S.A. 94550

Abstract

The generation of hydrogen negative ions in hydrogen discharges is due to a com-
bination of electronic excitation and wall relaxation processes. Principal processes
are energetic electron ercitation to form Hy(r”), followed by low-energy electron dis-
sociative attachment to form H~ + H. Wall recombination of Hy, H ions are also
a source of Ha(v").

We consider the formation of H,(¢") and H~ by H; and Hg ions incident upon
metal surfaces.! A four-step model for incident H; () recombination and dissociation
proceeds via: (1) Electric dissociation of high v ions in the image field ultimately
producing atomic dissociation fragments; (2) resonant capture to form Ho(t*3",) and
Hy(X 13, ¢/"), with b dominant over X in ratio 69:31; (3) Auger relaxation of bto X
to contribute to the Hy(X ' T, "), yield; (4) Ha(¢") drift to surface to experience
“hard” nuclear collision and form final population distribution, H,(¢v"), and final
dissociation products.! Experimental H,/H yields are consistent with four-step ratio,
not consistent with single-step singlet-model ratio, and imply rapid Auger relaxation
following b-state capture. Final vibretional distributions reported here differ markedly
from earlier calculated distributions. Level shifts due 1o image effects cause H, n =
2-parentage capture to be marginally accessible for barium surfaces (¢ = 2.7 eV)
but quite possible for cesium (¢ = 2.14 eV) and Cs/Mo (¢ = 1.6 eV) surfaces.
Predissociation of Ha(c®I1,} competes with Auger relaxation but predissociation times
are too long to allow significant H, dissociation.

Opposing image shifts of Hj (*3,), H,/ X T,) allow direct H~ formation from
H(+"') by rebounds from Ba, Cs, Cs/Mo surfaces. H™ yields are evaluated explicitly
for Ba surfaces.

For Hj incident: (1) Small (2%) electric dissociation 1o H* + H,; (2) rescnant
capture to 2p 2E' - 24,,? B, states; (3) drifting H3(+*) in *4, ground electronic state
dissociates into H,+H to provide Hy(¢") distribution; (4) hard collision of drifting
Hy(r") produces final distribution Hp(v”}). Final vibrational distributions from H7
and H; are compared. Low work function surfaces .llow capture into Hy(2s 2A4})
and F3(2p A7) states. Vibrational and rotational couplings, respectively, couple



these states to 2p 24, to allow predissociation to yield H,(5*) + H. The lowest
vibrational level of 2s 24} is too long-lived (1.8 x 107'2 sec.) to compete favorably
with Auger relaxation to 2p 2E’, but predissociation lifetimmes may shorten for higher
vibrational levels, analogous ta Ha(c 3.}, to provide a finul Ho(v") distribution,
that is distinct from that obtained from Hs(2p 2E’) resonant capture? The lifetime
of 2p 2AY against predissociation appears to be too long, 10~"! — 1072 sec, to be
competitive with Auger relaxation. Ha(n = 3) states can be accessed only with
very low work function surfaces, ¢ < 1.5 eV. But predissociation times appear to be
excessively long compared with Auger relaxation to allow one to access the broad H,
vibrational distributions observed® in the predissociation of the 3s 24}, and 3d 2E”
stales.

I. Introduction

The principal source of negative ion generation in hydrogen discharges is now
recognized to be jow-energy electron attachment to H,(v”) molecules excited to the
middle portion of the vibrational spectrum.? Electron excitation processes are gener-
al] taken to be the principal source of H,(¢") generation,® with high-energy excitations
through the singlet spectrum being the principal excitation process populating the ac-
tive portion of the vibrational spectrum. A description of the collisional re-excitation
from level »”, to level v”, requires a 15 x 15 matrix of cross sections linking all initial
and final levels. These cross sections have been evaluated and incorporated into the
modelling code.®

An additional source of vibrational excitation may be derived from recombination
of Hf and Hj ions on the surfaces of the discharge. In this case the molecular
ions will impinge with kinetic energies given by the plasma potential, 1-10 eV. In this
paper we report the evaluation of the H3(¢v"} resulting from the surface recombination
Pprocess.

The use of low-wark-function materials for the discharge surfaces makes possible
two additional source of negative ions: the direct formation of negative ions by hydro-
gen aloms rebounding from the surface, and the dissociation of H; ions formed in the
surface selvage. In a recent paper van Os et al.” have demonstrated the efficacy of Ba
surfaces as an active medium for &~ formation. Here we shall extend our discussion
to Hf, Hy collisions on Ba surfaces and inventory the generation of H, H(v"), and

3
H~ rebounding from these surfaces.

II. Surface Recombination and Dissociation of H; and Hy
ions

The surface recombination of H3 and Hy proceeds through a four-step model out-
lined earlier.” We shall suinmarize briefly the H, problem: (1) the initial populations,
p{¥), of the H; (v) vibrational level v = 18, 17, 16, ..., are successively quenched as
the image field electrically dissociates the incoming H ion. (2) Kesonant electron
capture from the surface forms H,(6*3,) halting any further clectric dissociation.
(3) Almost immediately. e, with a rate comparable to the resonant capture rate.
Auger relaxation relaxes the repulsive b state Lo form the ground clectyonic state,
Ho( XY, ) With some lesser probability resonant capture occurs directly to the sin-
glet ground state® The final vibrationa) distibutions for the gronnd crate formed by
transitions throngh each of these channels s lustrated by Refl oL



In the fourth step (1) molecnles in these distributions strike the surface and un-
dergo a “hard” nuclear collision,” rebounding to form the final distribution, H.{v").
This distribution, for 10 eV incident Ho(v") molecules and taken from a fortheoming
paper.t? is shown in Fig, 1.
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Figure 1: Final population distribution, H,(+"), per incident 10 eV H; ion.

The H; (v") recombination for conventional metals with work functions ¢ >
4.5 ¢V proceeds through the 2p 2E’ — 2p %A, state to yield Hy(v”) + H. The
Ha{v") distribution is obtained by projecting the initial population of v on the Hy
potential surface'’ onto the Ha surface,'? followed by a projection onto the Ha(v")
piane.! This Hp(¢") in turn undergoes a “hard” collision to provide the final Ha(v")
distribution shown in Fig. 2.

Inspection of the distribution here for v = 5 and comparing with final 117 dis-
rbutions™ shows that the H, o 3 a more useful lon for negative yon generation

than ic 11, .
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Figure 2: Final population distribution, Hp(+), per incident 6 eV H jon.

I1I. Molecular Ion Collisions with Low Work-Function Sur-
faces

Molecular ion collisions with low work-function surfaces will allow for resonant
captures into higher electronic states. These captures in turn will be Auger relaxed
to provide an additional contribution to the ground state vibrational distiibution.
Low work-function collisions zlso allow for two additional mechanism for negative
ion generation: Direct H~ production by electron capture 1o f atoms backscattel-
ing from the surface, and &~ production by dissociation of H; ions formed from
rebounding H,(v"') moving ouiward through the surface seivage.

The generation of H~ ions by H*, H incident upon barium surfaces has been
characterized experimentally by van Os et al.” In Fig. 3 their data is re-plotted for
comparison with the product function

N(-) - a(H)[1 - exp-w, /v9]. (1)

plutted against the outgoing perpendicular velacity component. s .

From this figure the asymptotic dependence on »; indicates a formation prob-
abilitve a( M), equal to 0.3; the survival probability. given by the hracketed factor,
rettains as large as .33 for perpendicular cnergy companents as low as 2.0 e\
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Figure 3: H~ generation vs outgring normal velocity or energy, Eq. 1.

In general one expects the energy level of a neutral atomic or molecular system
to be raised as il experiences an increasing image field. Bruch and Ruijgrok'® have
shown however, that there is an insignificant level shift for image-plane separations
z — 2, > 3a,, the range where resonant electron capture would be expected to occur.
For the downward shift of the negative ion level we use the expansion,

1
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The dipole and quadrupole polorizabilities, a, 8 for H~ are 215.5 and 7765.0, respec-
tively.’¥!5 No information is available {or the polarizability of the H; ion, but in a
first approximation the H; configuration is an H~ + H configuratior. from the level
crossing outward, and ft  this discussion we shall approximate the H; level shift by
Eq. {2) and using the H polarizabilities.

The energetics of the barium —H; , Hy(v”) system is illustrated isometrically in
Fig. 4 where is shown the energy variations as a function of image-plane separation
and internuclear separation. The relative positions of the H;, Hp(v") potentials
are shown in the right hand plane for infinite surface-molecule separation. At this
separation the /{; level lies too high to allow resonant capture from the barium

(o 2.7 eV)to Hy(v") o form Hy .

At an hnage-plane molecule separation of 3.2 «, the H; configuration has shifted
downward with respect to Hy(v”) such that the asymptotie 11, potential hes as low
as the f0 0) level At this separation resonant electron capture can oceur from

2

the birinm 1o levels o o, 1. and 3 of T, resulting in 11, dissociation into

7
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Figure 4: Energetics of the barium H; , Hy(v") system.

We can now summarize the resonant capture possibilities for a 6 eV incident Hy
ion rebounding as 4 eV Hy(v") and 2 eV H fragments. In the initial recombination
process 20% of the H; leads to 3H dissociation 80% and to H + H; to give a yield*®
of 1.4H/H;. From the van Os data of Fig. 3 we conclude that 10% of these atoms
will appear as H™ ions to give 0.14H~/H3 .

From Ref. 10 we have that 32% of the rebounding H(v") are in levels v" = 0, 1,
2, and 3, and these molecules are subject to H, formatior and dissociation in their
flight from z — z, = 2 to 3.2 e,. From Fig. 3 we find that 0.33 of these H~ survive to
give an additional 0.10 H~/H7. The remaining flux is then 0.54 H/H3}. For those
Hy(v' > 3), representing a fraction 0.48 H,/HJ, no resonant capture to form Hj
can occur.

One can now take inventory of the subsequent capture and dissociation processes
for 6.0 eV incident H; on barium. The relative ratios H : H, : H~ per incident
H; ion are found to be 1.80:0.48:0.24. The new contribution oflered by the low
work-function barium surface is the 0.24 H~/H;. The H; intermediary state has
effectively converted the low-lying H,(v") population into an additional source of H~
and 1J.

Work performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48
and AFOSR-1SSA-89-0034.
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