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Electron-stimulated desorption of negative and positive hydrogen ions from hydrogenated amorphous silicon
(a-Si:H) surfaces has been studied as a function of incident electron energy. Well-defined thresholds for
emitted ions are observed at electron energies close to Si core-level binding energies, suggesting that the
core-level electronic transitions are most likely responsible for emission of both negative and positive hydro-
gen ions. In addition to thresholds, the negative-ion yield, studied from &@&hH and hydrogenated SO
surfaces, exhibits some resonantlike features, indicating that some other, multistep channels for negative-ion
desorption may also be activated. It has been also suggested that negative-ion formation may follow emission
of secondary electrons.

The desorption of ions by low-energy electron bombardfunction of depth. For the ERA simulation, we used a general
ment, known as electron stimulated desorptie8D), repre-  purpose nuclear reaction analysis program described in Ref.
sents a useful tool for characterization and modification ofL1.
solid surfaces.Several models have been proposed for ESD All ESD experiments were performed in a quadrupole-
from ionic and covalent surfaces. Although these differ intype ion microprobéRiber MIQ 256 equipped with an elec-
detail, all models consider primary electronic excitations, theron source(Riber CER 306 Auger and electron-energy-
relaxation of which results in the breaking of chemical bondselectron-diffraction grazing angle electron gurunder
and desorption of neutral and ionic species from theconditions described in a previous publicatfoithe base
surface'? For electron energies below about 30 eV, ion de-pressure during analysis was in the low 1®Torr range. In
sorption is initiated predominantly by valence-band excita-the 100-eV range, typical electron currents of 14, fo-
tions. Valence-band ionization, which results directly incused to a spot of-1 mn?, can be routinely achieved.The
positive-ion formation has been studied in the most déthil. quadrupole count rate for each ion was maximized separately
However, negative ions can also be observed in the lowand taken from the peak in the energy distribution by biasing
energy regime and they originate from more complex prothe sample holder to typically-/—15 V for positive and
cesses involving unoccupied electronic states via electronegative ions, respectively.

attachment.

It now appears that, in many cases, the valence excitation 600 : : : :
mechanism plays a minor role in the desorption of positive 500} |
ions, as a growing number of experiments show dominant
thresholds at much higher energies related to the excitation » 400F }
of core levels Only very recently have desorbing negative § 300} 4
ions been attributed to core-level excitation processes, possi- © 00l i
bly involving the formation of excited molecular complexes
and/or charge-exchange proceses. 100 1

In this paper, we report on ESD of negative and positive 0 - ' L
hydrogen ions from the surface of a hydrogenated amor- 02 04 06 08 10 12
phous silicon sample(a-Si:H). Onsets observed in the Proton Energy (MeV)
positive-ion yield were related to the core-level binding en- 5 2 . T T
ergies of substrate atoms. For negative ions, resonantlike fea- g 10 "205 H at% ]
tures were observed, in addition to thresholds, suggesting =

. . . o 08 .
that the desorption of hydrogen ions may occur via several S
different, multistep channels. o osr ]

The a-Si:H films were prepared by the glow discharge S o4} y
technique in a system described previodSl film of thick- g o2k |
ness of about 1500 A was deposited on Si substrate at 230 °C 3 0.0 ;

and 0.2 Torr using silane. The deposition rate was 1.5 AJsec. 0 100 200 300 400 500
The absolute hydrogen concentration in the film oft21
at % was determined by the elastic recoil analy&fA),
using 2-MeV helium ions. Figure 1 shows the number of
counts, recorded by a Si detector, as a function of proton FIG. 1. ERA spectrum for intrinsi@-Si:H film on silicon and
energy, together with the corresponding H concentration as te corresponding, derived H concentration vs depth profile.

Depth (nm)
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Mass (amu) function of electron-beam energy. Binding energies of Se2dd X

core levels are indicated by arrows.

FIG. 2. (a) ESD positive-ion mass spectrum froaSi:H, ob- The thresholds in H are most likely related to the Sip2
tained by 400-eV electron bombardmeri) negative-ion mass (~100 eV) and Si Z (~150 e\) core-level binding energy.
spectrum from the same sample under 500-eV electron bombardych threshold behavior is indicative of a desorption mecha-
ment. nism involving Auger decay of a core hole in a covalent Si-H

bond. This process may lead to a localized two-hol&é)(2

The ESD data are summarized in the next few figuresfinal state in the bonding orbital and desorption of Ma

Typical positive- and negative-ion mass spectra from thé!nNscreened hole-hole repulsidtie note here that our H
. N - data(Fig. 3) are in good agreement with the total ESD cross
a-Si:H surface are shown in Fig. 2. In the positive spectru

; . Msection reported in Ref. 13, for deuterium 0§13{l) surface.
[Fig. 2(@), 400-eV electron bombardménin addition to hy- A close similarity between Hand Si” desorption curves

drogen iong(1 amy and three silicon isotope@8, 29, and  (see Fig. 3 points to another desorption channel, which may
30 amu, respectivelywe have observed some anion-relatedaccount for ESD of both Hand Si. As reported previously
peaks, such as Oand C", multiply charged ions, such as for SiO, surface<;*®the electron bombardment can produce
Si?* and G, and the ever present'EThe negative spec- excited Si atoms, carrying 2 (2s) holes. In the case of
trum [Fig. 2b)] obtained by 500-eV electron bombardment,a-Si:H, it is likely that some excited Si atoms carry H atom
is dominated by H, O~, and F peaks at 1, 16, and 19 amu, With them and are emitted dSiH)" complexes. An Auger
respectively. Oxygen peaks are more likely related to th&leexcitation of Si holes in vacuum produciH) ’ mol-
native oxide at the surface, while carbon and fluorine repre€cules, which will readily dissociate to ‘Siand H'". This

sent the most common contaminants on semiconductor Supjephanlsm has previously bgen proposed to expla'ln the
faces emission of H from a-Si:H under noble-gas-ion

5 i i O
Figure 3 shows representative*SH*, and H™ desorp- bombardment® Our data on H and Si, shown in Fig. 3,

. . . . are consistent with such a picture. We would like to point out
tion curves as a function of bombarding electron energy IMere that the lowest threshold for Soccurs at~135 eV

the 20_250'6\/ range. The energy scgle was corrgcted cheIayed from the Si @ threshold by~35 eV. This is consis-
both the bias voltage and the work function of the W filament.o ; "with the measurements on Si6™ for which similar

(~5 eV) of the electron gun, while the ion yield was normal- ghifs were explained in terms of some additional, multielec-
ized by the electron current measured on the sample hj&lder.tron excitations leading to delayed onsets ifi.5i

Both H" and H™ curve exhibit thresholds at95 and~145 Turning now to desorption of H we note that thresholds
eV. The 145-eV threshold is followed by maxima at 170 andat ~95 and~145 eV suggest that the core-level ionization
220 eV for negative and positive ions, respectively. There i$n Si site also plays an important role in Hiesorption. As

an additional threshold for negative ions at about 200 eVan Auger process produces, in general, two holes in the
The negative-ion curve also exhibits two resonantlike feabonding orbital, it cannot by itself account for the direct
tures following the thresholds at 31 and 145 eV and peakindgormation of negative ions. However, the charge state of a
at about 70 and 170 eV, respectively. No positive-ion signaparticle leaving the surface may well be quite different from
was detected below 100 eV, due to the low ion yields and/othe charge state immediately after the relaxation protess.
limitations of the source used for electron bombardnént. Core hole relaxation process may be responsible for breaking
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the Si-H bond, while the outgoing neutral and positively

charged H atoms may capture electrons in the surface region

and desorb as negative ions. This process assumes that the

ejected particles remain in the surface region long enough

(i.e., to have low kinetic energig$o be able to recapture

electrons. It also requires an environment rich in low-energy

secondary electrons. As the secondary electron emission for

most materials consists mostly of low-ener@-10 eV}

electrons and exhibits maximum for electron bombardment

in the 100—-300 eV range, one expects the most efficient

charge transfer, i.e., the highest negative-ion yield, in the o

100-300-eV range. This is consistent with our results for H ,/‘

shown in Fig. 3. oL« 1 1 1)
On the other hand, resonantlike features in theddsorp- 0 50 100 150 200 250

tion curve(see Fig. 3indicate that some more complex pro- ELECTRON ENERGY (eV)

cesses can be active in ESD of negative ions, possibly in-

volving formation and subsequent breakup of superexciting g 4. o desorption yield from a hydrogenated Sigurface,

molecular complexes containing a core hfe. as a function of electron energy. Binding energies of some Si and O
We have also examined desorption of ftom a hydro-  core levels are indicated by arrows.

genated SiQ surface’ Figure 4 shows the Hyield from

SiO, as a function of electron energy. We note a close simi- ) i L ,
larity with the H™ desorption curve frona-Si:H, shown in the direct formation of positive ions, while the charge state

Fig. 3. The lowest thresholds in the Hield from SiO; (Fig. of the emit'ge_d particle depends on the particle’s kinetics and
4) occur in the 20—30-eV region, corresponding to the< 2 the probability of the charge-transfer processes.

core-level excitations. This indicates, once again, that the In conclusion, we have examined desorption of negative
relaxation of core holes, followed by some charge-transfend positive hydrogen ions fromxSi:H surfaces for electron
processes in the near surface region, may account for thenergies in the 0—-250-eV range. Desorption yields display
negative-ion desorption. At the same time, a threshold oflistinctive thresholds at energies related to core-level excita-
~23 eV is expected from a localized two-hole state in thetions of Si atoms. We have argued that the ESD of both
Si-H bonding orbital: approximately 14 eV is required to negative and positive hydrogen ions is mediated by core-
create two holes in the Si-H bond, while hole-hole repulsionlevel ionization of substrate atoms, possibly involving relax-
contributes an additional 9 €§. However, as mentioned ation through charge-transfer processes and, in the case of
above, this process may account for the bond breaking angegative ions, charge exchange in the near surface region.
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