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1. Introduction

During the contract period, our experimenta activities concentrated on ion-surface collison
gudies, gas phase collisons, the effects of adsorbates on field emisson, and the origin of H;O" in mass
gpectroscopy. In the area of ion-surface collisions we have measured sputtering yields for negative ions
and dectrons arisng from collisons of ions and photons with a variety of metdlic substrates upon which
is known amount of adsorbate, which dragtically dters the emisson characterigtics. Kinetic energy
distributions of the gected anions and e ectrons have adso been determined. We have developed a
theoretica model which, to alarge degree, describes the process and eucidates the role of the
adsorbate in the emission processes. In an additiona experiment performed at the Synchrotron
Radiation Center (Madison, WI) we have studied secondary negative ion emisson initiated by UV
photons; those results are competible with the predictions of the above-mentioned modd. In the
category of gas-phase collisons, we reported work on proton transfer and ion-molecule reactions for
reectants involving H;* and D5, measured absolute cross sections for a variety inelagtic channels for
reactants involving CH," and CF,, and finaly, measured dectron detachment and decomposition cross
sections for collisons of SF; with N,. Additiondly, we reported absolute cross sections for various
reactive collisons involving collisona decompostion of Sk and the reactants CF;* and CHF;. The
idea here was to use these measured cross sections to model and understand the sdlient features of the
popular gaseous didectric, Sk , and the etching discharge which utilizes CHF;. A somewhat different
st of experiments explored the role of adsorbates on the process of dectron field emission and the
nature and origin of the anomalous cation signd often seen a mass 19 amu in mass Spectroscopy.

The laboratory collison energies for these experiments ranged from afew dectron volts up to
500 eV. Thegod of dl the sudies was to develop an understanding of the collisond dynamics and
pathways for sysems which are both intellectualy interesting and of some potential importance to
various aress of applied physics.

Very brief accounts of these activitieswill be given in this report in section 2. Detalled
discussions of the experimenta results and their andyses, published during the contract period, may be
found in the artidles listed in section 3, al of which may be found in peer-reviewed archivd literature.



2. Brief reviews of work performed
A. lon-surface collisons

We demondirated that ion-induced secondary eectron and negative ion emission from metalic
subgrates is dramatically enhanced if amonolayer or so of oxygen is dlowed to accumulate on the
ubstrate surface. Those experimentd results were explained with amodel that provides for the yidds
and kinetic energy distributions observed for both the eectrons and anions. The modd is characterized
by the excitation of a substrate-adsorbate negative molecular ion (such as WO for atungsten substrate)
to an anti-bonding sate. This dectronicaly excited state may then decay via dectron emisson into the
vacuum or dternately, the O may survive intact into the vacuum. We extended these types of

measurements to include other adsorbates and the results for W/O are compared to those for W/Cl in

Total Anion + Electron Yield (%)
Total Anion + Electron Yield (%)

Figure 1l The probabilities for ion-induced secondary anion and electron emission from tungsten
as functions of both impact energy and coverage of Cl (left) and O (right) are shown as
per centages.



figure 1 in which the total negative ion and eectron yieds are shown as a function of (positive) ion
impact energy and the amount of adsorbate on the surface. Asmay be seen in thefigure, the two
adsorbates dramatically enhance the secondary emission processes and do so in completely different
ways. The god of these experiments was to understand ion/atom -surface interactions for energies
common to discharges used for materias processing and plasma containment devices. The experiments
were performed for impact energies ranging from the energetic threshold observed for the processes ( -
50eV) upto 450 eV.

Al. Secondary Negetive lon and Electron Emisson Mo(100)/O

Absolute yields for secondary electron

emisson and O sputtering due to positive ion

impact were determined for Mo(100) with a 0] T . T T T T T T T T
fractiona coverage of adsorbed oxygen. Both the 0.8—: Electrons |
electron- and anion yidlds are essentialy zero for no
oxygen coverage and grow linearly with the

coverage until it reaches about one monolayer. At

moderate oxygen coverages, the yidds are quite
large for impact energies of afew hundred eV.

Normalized Intensity

Thus, anion and eectron sputtering play an
important role in discharge environments. Kinetic
energy (K.E.) digtributions of the sputtered oxygen

negative ions and the secondary electrons were dso

measured. An example of these resultsis shownin

Kinetic Energy (eV)

figure 2 where eectron and anion K.E. speciraare

Figure 2. The experimental kinetic energy
distributions for electrons and O are shown as
about 0.5 monolayer of adsorbed oxygen. Both  symbols. The lines are the results of calculations
which utilize a model described briefly in the text.

shown for 250 eV Na" striking Mo (100) with

processes were described with a mode invoking
the formation of a collisonaly excited MoO™ surface state which subsequently dissociates producing
electronswhich (i) return to the metd, (ii) escape to the vacuum, or (iii) survive intact on the O asit



escapes into the vacuum. The dectron K.E. digtribution caculated with the modd is shown as the solid

linein the top pand of figure 2 and that for O as the dashed line in the lower pand. For the sputtered

ions, an additional mechanism - a collision cascade, given by the dotted line - must be used to account

for the high energy tail in the K.E. didribution for O'. The net caculated K.E. didribution for the

sputtered O is shown as the solid line in the lower pand of figure 2.

A2. Secondary negative ion and dectron emission: photon-induced

The experimentd results discussed above were explained with amodd that could provide for

the yidlds and kinetic energy distributions observed for both the eectrons and anions. The modd is

amilar in severa respects to those used to describe desorption induced by eectronic trangitions (DIET)

for other dectron- and photon- stimulated surface
processes and, in the present casg, is characterized
by the excitation of a subgtrate negative molecular
ion (such as AlO™ for an Al subdtrate) to an anti-
bonding state. Figure 3 shows a schematic
representation of this process used to interpret the
observationsfor the Al/O system. While this modedl
was developed for ion impact, the mechanism for
excitation should nat, in principle, be limited to such.
If the modd is correct, one should observe the same
characterigtic secondary emission by direct excitation
of the AlO" surface state with photons of near-
resonant energy.

A “proof of principle’ experiment was
carried out at the Synchrotron Radiation Center

where the beamline was able to provide photons
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Figure 3 Schematic diagram of potentias used
to describe ion-induced secondary emission of
anions and dectrons from an Al/O surface

with energies ranging from 5 to 40 eV under UHV conditions. The experiments served two purposes,

both to quantify the change in the surface work function as aresult of oxygen coverage and, more

importantly, to search for photon-induced anion emission as function of photon energy. The anion

experiment was conceptudly smple: An duminum polycrystaline substrate was exposed to oxygen
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and then to photons of a given energy.

During the measurement the detector was
biased to detect anions which left the Al/O
surface with anenergy of 2+ 1.56V,

corresponding to the most probable ion

Intensity (arb.)

energy observed in the ion impact

experiments. Figure 4 compares the anion

emission from a clean surface (thereis

essentidly none) to that from the same

Photon Energy (eV )

surface with about one monolayer of

adsorbed oxygen. The photon energy Figure 4 Theyield for photon-induced anion emission
_ _ _ o is shown as afunction of photon energy for an Al
required for meximum anion emission, 8.7 g hgrate with 1 ML adsorbed oxygen [€] and for

eV, isin remarkable agreement with the cdean Al [9].
vaue required for a Frank-Condon trangition

between the AIO™ potentidsillustrated in figure 3.

. - .. 8 T T T T T T T T T

A3. Secondary negative ion and eectron emisson: ] -
Stainless dted. 61 S
1 electrons e 1
Secondary eectron and anion yields 44 e 1
were measured for sainless sted surfaces with g 2- . |
| 7 ]

surface conditions ranging from those found in § 0 gepei” —
normal dectrodes to a surface completdly free of % 10—: BN
adsorbates. The motivation behind those 28 ]
6 negative ions = e -
experiments was to ascertain the (often time- 4. ]
dependent) role of discharge electrodesin 2 ,.-": e R I
determining the equilibrium concentrations of 0 b—L*'“'“*"‘**‘**“"***'—"

100 200 300 400
electrons and negetive ionsin various plasmas. The Impact Energy (eV)

yields are shown in figure 5 as afunction of ion Figure 5 Secondary yields vs. impact energy

impact energy for three surface conditions: asurface  for stainless stedl with three surface conditions

. o . _ (seetext).
with no in situ cleaning- [squares], after hegting to



600 °C -[circles], and after heating and sputter-cleaning - [triangles]. The secondary yields decrease
dramaticaly as the surface becomes free of adsorbates, most of which was oxygen. We used these
results to explain some of the observed properties of an oxygen discharge.

A4. Si(100) subdtrate.

The oxygen-chemisorbed silicon surface has been frequently explored owing to its connection to
materids processing. The study of interactions of low-energy incident ions with these systemsisrelated
to understanding plasma interactions with the adsorbed silicon substrate, and sheds light on the nature
of the chemisorption process aswell. The detailed nature of oxygen adsorption to the many facets of
dlicon have been the subjects of numerous theoretica and experimenta surface studies. In the case of
Si(100), oxygen isthought to chemisorb both in its atlomic and molecular form, with the former
occurring in the initia stages of oxidation. In particular, it is thought that O, molecules initialy adsorbed
are unstable and dissociate as the surface topology of Si(100) relaxes back to that of a* perfect”
surface. [ The surface structure of clean Si(100) is not that of the perfect crystal. Every other pair of S
atoms on the surface moves closer together forming what is designated asa 2 x 1 surface topology. As
oxygen is adsorbed on this ‘recongtructed’ surface, the espoused Si atoms move apart and the surface
topology reverts to approximately that of the perfect crystal.] The oxygen atoms that adsorb do so
essentialy as O i.e., each adsorbed atom is calculated to gain 0.98 dectrons from its neighboring
slicon atoms. We performed an investigation on the effects of an oxygen adsorbate on secondary
electron and anion emission.  This emisson was effected with postive sodium ions, having an impact
energy in therange of 50 to 500 eV. The use of low energy positive sodium ions as a surface probe
precluded secondary eectron emission viakinetic (momentum transfer) and potentid routes, the former
since theimpact energies were below 500 eV and the latter Since the ionization potentia of sodiumis
less than twice the work function for most metals, a necessary condition for Auger neutrdization, which
leads to potentid emisson

The absolute probahilities for secondary emisson of eectrons and anions are shown in figure 6
as functions of the impact energy; the rdative dectron yield is seen to be quite smdl. Infact, the
electron yied did not exceed 0.3% for any coverage or impact energy studied, in sharp contrast to
what has been observed for metdlic substrates. The anion spectrum arising from 250 eV Na' incident
on the surface is shown in the inset of figure 6. The dominant peek is O, with alesser contribution from
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OH'; peaks at 60 and 61 amu, dueto SO, and

SO,H", were also present. : o 4
The kinetic energy spectrafor both O and € xa” g 3
are independent of the sodium impact energy and - / S
L A T 12 3
oxygen coverage suggesting that the dynamics Mass (amu) / | 2
descriptive of secondary emisson involve dectronic 11
excitation and not collisona momentum trandfer. / _/_‘_,_._/—f—- o
I~ 100 200 300 400
Moreover, eectron kinetic energy spectra are very Na’ Impact Energy (V)

amilar to those for the anions, suggesting that a

common mechanism underlies emission of both. A Figure6 Secondary anion (squares) and electron
(triangles) yieldsfor Na* on Si(100) for an oxygen

model devel oped for ion-induced secondary emission  coverage of about 3/4 monolayer.

from metdlic substrates describes dectronic excitation of a metad-adsorbate complex, eg. MX', to a

higher, repulsve potentid, (MX)*. Thisexcitation can result in anion desorption into the vacuum, (M

+ X), or decay of the system to yield afree electron (M + X + eor MX + €). Severa factors

complicate this picture when applied to an adsorbed semiconductor substrate, the most important of

which is the presence of aband gap and fairly tightly bound electronsin the valence band. An dectron

transfer mechanism which can occur on insulator or semiconductor surfaces involves Auger de-

excitation. Here, an eectron from the vaence band transfers

to an unoccupied orbital of an excited species located near SO)

O+S,+e
or on the surface, and an ectron is Smultaneoudy emitted dEon“l £ !
Evn e

to the vacuum from the excited state. This processis often
referred to as “Penning ionization” in collisons of highly
excited metastable atoms with atoms or surfaces, where

secondary electron emisson is routingly observed. We

f
E.
g
suggest that secondary anion and electron emission follows %Z
impact-induced excitation of SO°. A schematic diagram of

this processis shown in figure 7, including the pogitions of

Figure7 A schematic diagram illustrating
Si(100) surface states and the energy levels of Si(100). The  the potentials descriptive of O and Si(100).

E. isthe bottom of the conduction band, E;
subsequent decay of (SO)* may result in O being gected the fermi leve.
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into the vacuum intact, i.e, as O. The probability that O survives such a dissociation depends on how
rapidly O leaves the surface and can be substantia for metalic substrates, as shown in previous
experiments. Alternately, dectron emission to the vacuum from (SO)* could occur via a mechanism
gmilar to the Penning ionization process if an dectron from the slicon vaence band transfersto fill the
unoccupied orbitd of (SO°). Therate for such atransfer process depends primarily on the overlap of
the silicon vaence band orbitals with those of the unoccupied sates of (SO). Therdaivedy smal
probability for eectron emisson suggests that this orbital overlgp isindeed smdl, perhaps dueto a
reduced spatid digtribution of the surface wavefunctions. Furthermore, as (O)* recedes from the
surface the energy level of the unoccupied orbita rises above the top of the valence band, and such
autodetaching eectron transfer will not occur. Secondary anions and electrons which originate from the
decay of (SO)* will have asymptotic kinetic energies (with respect to the vacuum) which depend on
theinitia pogtion of (SO°)* on the antibonding state curve, asillustrated in figure 7. The energy
digtributions for € and O would then be amilar; thisis, in fact, observed.

Ab. Raregasion projectiles.

The first substrate/adsorbate investigated using

rare gas projectiles was Al/O and the results were
unexpected. Figure 8 illustrates the case for Ne
impacting a Al/O surface. The squares are the results

for aclean surface and the circles (triangles) represent a

coverage of about one-half (one) monolayer of oxygen

Secondary emisson yields (%)
o

on the Al substrate. The dectron yield goes down as 141
12

the coverage goes up, despite the fact that the 101 /\ _—"
macroscopic work function of the Al/O system 87 g— 99—

6 /A/ \A\A
decreases dightly with oxygen coverage in this range. 4] ¢

. electrons

Based upon previous experimenta results where 21

0 T T T T T T T T T T
potentia eectron emission was precluded, one might 0O 100 200 300 400 500

expect that €ectron emission initiated by Ne™ would be Ne- Impact Energy (eV)

expressed as a sum of the auger-type potential emisson Figure8 Secondary yields for Ne* on Al/O are

. shown for clean(é) Al; -%2ml (&), and —oneml
and the adsorbate-related process described above. oxygen (1) on the substrate.
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Clearly the Stuation is much more complicated. On the other hand the secondary yield for O isvery
smilar in dl respectsto that initiated by ions with very low ionization potentids.

A6. Neoative ion projectiles.

A saries of experiments which used negative ions to initiate secondary emisson from metallic
subgtrates and the effects of adsorbates upon those processes was completed. One of the principal
moativations for sudying negative-ion - induced emission was to completely eiminate the role of
potentia energy (such as the recombination energy
asociated with the neutralization of an impacting
positive ion) as a precursor for the secondary
emission processes.  An example of the results of
these experiments is shown in figure 9 in which the
probability of secondary electron emission is shown
for O impacting a Cu(110) surface with various

RN EEEENE)

Electron Yield (%)
O B N W b~ O o N

amounts of adsorbed oxygen. These observations

o

are very smilar to those observed for impacting K

akali cations and support the notion that the

underlying mechanism for adsorbete-altered Figure9 The probability of secondary

secondary electron emission has essentially nothing  €lectron emission for O+ Cu(110) is shown
as a function of the O- impact energy and

to do with the recombination energy of theimpacting adsorbed oxygen on the metallic substrate.

(One monolayer of oxygen corresponds to an

particle. We have adso measured the kinetic energy O, exposure of about 10 L.)

distributions of the secondary dectrons (and
secondary anions) and the results are consistent with our mode devel oped for ion-induced, adsorbate-
atered secondary emission.

A7. MgO: ametd-insulator trandtion By exposng aprisine Mg crysd to oxygenit is

possible to dter the substrate from metdlic to gpproximately insulator conditions in a controlled manner.
Exposing Mg(0001) to about 8 Langmuir (1 L = 10° torr-sec) of oxygen resultsin roughly one
monolayer of oxygen adsorbed on the Mg surface. Subsequent exposure of the Mg to oxygen can
result in an oxide build-up gpproximating that of a vapor-deposition grown Mg-oxide crysta. The

latter is an insulator and, as such, has consderably different eectronic properties near the surface. Our

9



god in these experiments was to monitor the secondary emission properties as the oxide “grows’ to

acertain if there are subsequent changes in the emission characterigtics as the metdlic/insulator

trangition occurs.  Absolute secondary electron and anion emission probabilities for low energy (< 500

eV) O, N,*, Ar, Ne" and He" impacting an oxygen-adsorbed Mg(0001) single crystal surface were

measured as afunction of oxygen exposure and of incident ion impact energy. Secondary anion

emission was observed throughout the range of adsorbate coverage studied, from that of a*“clean”

metal (defined by a demonstrated adsorbate-induced work function shift) to that rendering an insulative

metal oxide, and was determined to comprise
mogtly O. Both dectron and anion emission were
observed to be largely unaltered as oxygen
accumulated on the surface. Secondary anion and
electron kinetic energy spectrawere also measured,
no significant dependence on oxygen exposure was
observed The results for 270 eV Ar* impacting Mg
are shown in figure 10. Adde from initia changes
in the emission - undoubtedly related to the severe
change in the surface work function upon initia
oxidation - thereis rdaively little dteration in the
€electron emission as the oxidation progresses.
Once again, this observation is compatible with the
notion that the underlying mechanism for emisson is
smilar to that described in the previous paragraphs.
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Figure 10 The secondary yields of electrons
and O which result from Ar* (270 eV)
impacting Mg(0001) as a function of oxygen
exposure are shown.



B. Gasphaseinteractions

B1. Proton transfer and ion-molecule reactions with Hy*

By using an experimenta arrangement which employs both a static gas collison cdl and a
crossed-beam configuration, we measured absol ute cross sections and product branching ratios for
callisons of H;" and D;* with various atomic and molecular targets. For collisions of H;* with H,,
proton transfer to the target (creating a“new” Hg*™ ion) exhibits alarge cross section for rdative
collison energies below about 10 eV. These collisons often result in the formation of excited H;*
product ions, some of which subsequently autodissociate producing dow protonsor H,*. The

branching ratios for proton transfer and/or

subsequent decomposition of the newly 1.0 X : :
formed trictomic ion are shown in figure 11 0.6 A\A Hy +H, i
. . & _—0-09 ]
fOI’ bOth H3+ + H2 aﬂd D3+ + D2 . It |S O 6_ \A EF‘ \ _O'o d)O/o ° n
: I\ 9
obvious that proton (deuteron) pick-up by the 04 N
4 {5 o o 4
target is often sufficiently indadticto causethe g 0] { % TO-0-0g1
o 0.2+ .
resulting triatomic product ion to dissociate % 0.0 000631 B A na A ARA
into H,* + H or H* + H,. These cross section g 1.0 ' ' '
A
measurements are essential input required to 081 \, EF':P?:\ D, +D, T
model and hence understand the equilibrium 0.6+ X(E/ e 0
. . o = ~o28a88><8><3
concentrations and ionic energy digtributions 0.4 / S o -
| | . I\
in hydrogen discharges, where H;" is 024 / A R -
routinely the dominant molecular ion. The 00100002 Wlasm A s
. o 2 5 10 25 50 75100
species- and energy distribution- Relative Callision Energy (eV)

measurements have been made for aDC
i _ ) Figure 11. The branching ratios for proton
hydrogen discharge in acollaborative effort  oefer (21, and the formation of slow H*[~] and

with agroup a NIST. Thiswork was H,"[O] are shown for Hs" + H, and itsisotopic
equivalent. The H" and H," ions presumably arise

directed toward achieving the godl of from autodissociation of excited products, [H;"]*

successfully modding this smplest of
molecular discharges, viz., hydrogen.
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B2. Indadic calisonsinvolving CH,*

Information required for modeling methane-containing discharges such as those used in CVD
source plasmeas are generdly unavailable for collison energies common to such discharges. Inan
attempt to address that problem we have measured cross sections for proton and electron transfer and
collison-induced dissociaion for collisons of CH,*

with CH,, H, and Ar. An example of the results for

ol

CH," + CD, isgiveninfigure 12. Proton trandfer, 4 05 o |
forming CD,H"* is exothermic by about 1 eV and its %(g’ ' __-" Aoty |
Cross section rises as the collison energy falls below % , .“.. ﬁ#’ AAA "“.,ﬂ
10eV. Noticethat the CD;* (indicated by the 5 - S, AMAAA '==
trianglesin figure 12) can be formed in two distinct ) éefé??%;

ways, either by dissociative proton transfer to the 25 10 100

Relative Collision Energy (eV)
target or dissociative dectron transfer from the target.

The pesk for CD;" observed for E . 100V should ~ Figure 12 Crosssectionsfor CH," + CD,---
. proton transfer giving CD,H* [€],and
be dueto the latter and thepesk at E . 10eV is CD,H'[&];charge transfer giving CD,*[&];

undoubtedly due to the former. Despitetheobvious ~ @d findlly, CD5'[?].
complications of these rather large systems, we made some progress in understanding their collisond
dynamics.

B3. lon- Molecule Callisons with SF;

Sulfur hexafluoride is an excdlent didectric gas, used throughout the world in high voltage
switching and transmission equipment. Its dielectric qualities are due to its extraordinarily large cross
section for dectron attachment and its stability againgt eectron detachment in subsequent collisions with
SFs. SF¢ isuser-friendly in the lab, but it turns out that it can be a very potent greenhouse gas, owing
to itslong lifetime in the upper atmaosphere (perhaps severd thousand years). Unfortunately Sk seems
to be routindly released into the atmosphere. One pseudo-fix which has been suggested is to replace
Sk, with 50-50 mixtures of S, and N,. Such a mixture can have about 75 - 80% of the digectric

strength of pure SF;. Henceit is of interest to know the various cross sections for collisons of Sk

12



with N,. Accordingly, cross sections for
S +X—=SF,+e+X

electron detachment and collison-induced 8
dissociation were o ]
measured for collisons of these reactants. The 6] D/ "]
] o N2 a
experiments were performed for collison .
per perf < 5_ Ne\. o / .
energies ranging from afew up to severd = 4 o oo .
w L =
hundred eectron volts. 3 =
] AAMAAD
1 i
The cross section for eectron 2_ . 2 \ e
detachment, s (E), isgivenin figure 13 as a 14" He °A§'
4 ...
function of the rdaive collison energy, E, for 0 T - o
the nitrogen target dong with that for severd Relative collision energy (eV)

rare gases. There are severd driking things  Figure 13 The cross section for collisional electron
about the results. First, there is't much detachment of SF¢ is given for four targets
differencein s (E) for the various targets. Second, s .«(E) has apeculiar shgpe with aminimum in the
vicinity of E=25eV. The sdient features of these observations and those for collison-induced
dissociation (into either Sk + F or SF5 + F) are roughly described with a two-step mode in which
callisond excitation of SF - which is an dmogt-universd function of the relative collison energy - is
followed by unimolecular decomposition. The decomposition rates were caculated with a gatigtica
phase space modd with inputs from recent theoretical caculations for sulfur hexafluoride and itsions.

B4. Reactive collisonsrdevant to a CHF, discharge.

Trifluoromethane (CHF;) is used in semiconductor plasma processing chambers to achieve high
etch selectivity of an oxide layer over asilicon substrate. Such surface etching is governed by theion
and molecule fluxes near the surface, the concentrations of which are dependent upon species
interactions in and their trangport through the plasma. In order to assst in the interpretation of ion flux
measurements and to provide fundamentd data required for plasma modeing, we measured totd cross
sections for sgnificant ion-molecule reactions occurring in CHF; discharges. The reactions studied
included callison induced dissociation for CF;* on CHF;, dissociative charge trandfer for CF;* and F

on CHF;, and eectron detachment from F on CHF;. Collison energies range from afew to afew

13



hundred eectron volts. A myriad of ions and neutrals are formed from the reactants studied here; the
results for collisons of F* with CHF; are shown in figure 14. A few generd conclusions may be dravn
from the experimental observations. Large cross sections for electron detachment, ~14 D?, dissociative
charge trandfer for ionized fluoring, ~25 D? , and

collison induced dissociation, ~6 D?, indicate that

: : —_ K ' ' ' ' ' ]
neutral fluorine, one of the most important radicalsin vt sum ]
semiconductor etching, is adominant speciesin CHF; §§ 1

, , . 18+ L
discharge environments. The cross section for the -
_ o _ 2 21 S, . CF' 1
production of the CF; radicdl is subgtantial as well, < ot T
. . . . 2 8 g
viz.~26 D2, for higher collison energies. g 7 o *
% =j > =
8 ] BE' g o o 1
B H' 8 eobBo
_o06-06
24 -0 o 4
N
CHF
0dl—y

5 100 150 200 250 300
E (eV)
Figure 14 Dissociative charge transfer cross

sections for collisions of F* with CHF; are
presented for four product channels as a

function of relative collision energy.
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C. Field emission - the effects of adsorbates

One of our godsin studying field emission was to ascertain the role of adsorbates on both the
intengty and energy digtributions of the field emitted dectrons. Field emission with aremarkably
narrow energy distribution of 68 meV FWHM was observed from athermaly cleaned Mo<110>
gngletip; such adigribution is seenin figure 15.

The emisson spectra were taken with the . FEED of Clean Moly Tip

3.5x10

FermiLevel

emitting surface at 295K, using a double-pass 3.0x10° ]

2.5x10° 4

cylindrica mirror analyzer in ultra high vacuum.

2.0x10° 4

This narrow energy digtribution is attributed to a

1.5x10° 1

nanotip spontaneoudy formed on the ~75 nm

Pulse Counting, counts

1.0x10° 1

radius Mo tip from in situ buildup by fidd

5.0x10° 4

induced surface diffuson. Auger ectron

w+—ar—~4—+r—+—F—r—T—-—1

spectroscopy (AES) showed that residual T eegen
surface Ca segregated from the bulk during _ o _ _
Figure15 Energy distribution for field-emitted
thermal cleaning and is a probable source of electrons for a clean Mo tip.
mobile atoms that formed the nanotip. A close examination of figure 15 would show a discernible
doublet in the peak distribution that is atributed to a variation in the localized density of States of the
nanotip. Sub-Langmuir oxygen exposure of the

Mo tip immediately increased the energy

FEED of oxygen dosed Moly Tip (low exposure)

i distribution more than an order of magnitude to
. 40407 aFWHM of >1 eV, as shown in figure 16. The
%_ 35997 magnitude of the emission sometimes incresses
‘g 3'0“05'_ upon adsorbate coverage, but not aways. The
é 25401 schematic energy diagram given in figure 17 is
. 2040 - designed to illugtrate the potentid that an

L] electron can experience when an adsorbate

-40 -35 -30 -25 -20 -15 -10 -05 0.0 05 10 15 20 25 30 aom |S a aglvm dlﬂmce _ 10 ao |n tl,.eflgure_
Energy Distribution (ev)
from the surface.
Figure 16. Energy distribution after sub-monolayer
exposure of Mo tip to oxygen
15



In the absence of an adsorbed atom, field emission can occur for strong fields (on the
order of afew tenths of avolt per alomic unit of distance) when meta eectrons near the fermi leve
tunnel through or pass over the Schottky barrier indicated by “surface + fidd” in the figure. By having
an adsorbate atom positioned near the surface the

meta dectron can see alowered barrier and, in fact,

an intermediate, unoccupied, quasi-bound state which I ™ Surface + atom
separates it from the vacuum. Such a potentid is §> B ,//N\ /{—\-\::’\:\\S;jici”'eld

shown as“surface + atom + fidd” in the figure and is E o \ \;uﬁace . atom\ . ﬁ\\el\\f:

typica for an oxygen adsorbate. It is obvious that _8:

fidld emisson can be enhanced by the presenceof the 1 {f

aom. At the close of this project, much remained to 2 dstance fmma;uﬁace‘tgo) N

be learned aboutt relationship of the surfacetofield ~ Figure 17 A schematic diagram of the
potential “ seen” by an electron within the
emission characterigtics, metal.

D. Hydronium ion formation in FTMS

Typicdly, the mass spectra pesk observed at 19 amuinresdud gasandyzersat very high (VHV)
and ultrahigh vacuum (UHV) has been attributed to fluorine. Using Fourier Transform Mass Spectrometry
(FTMYS), the presence of the hydronium ion, H;O*, was fully resolved from F'. Correlation of the mass
19 sgnasfor aconventional quadrupole mass spectrometer (QMS) and the FTM S, positioned adjacent,
unambiguoudy indicates hydronium as the source of mass 19. At partia pressures of H,O in the VHV
range and higher there is sufficient dengty for the formation of the hydronium ion through ion-molecule
interactions. Formation of the hydronium was found to directly correlate with the partid pressure of H,O.
However, in a QMS, formation of H;O* in UHV appears to occur principaly by eectron stimulated
desorption (ESD). Dosing the system with hydrogen from 1 Langmuir exposureto saturation (1 x 10° Torr
for 8 hours) was found to increase the H;O* ESD yidd detected by the QM S by as much as afactor of
10. Theinitid hydronium ESD cross section from a hydrogen saturated grid was etimatedtobes ~ 1 x
10" cn?. Inaseparate experiment, TOF-SIM S sputter yieldsfrom the stainless stedl grid of aquadrupole
mass spectrometer dso showed smal Sgndsof H;O*, aswell asitscongtituents, H*, O* and OH", but no
F*.
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Subsequent work was done to show that ESD of hydronium ions from stainless sted (such as

| PN Nl N Y
18.90 18.95 19.00

P E et g
19.05 19.10 19.15

m/z

5.00 10.00 15.00 20.00 15.00 10.00 15.00 40.00 45.00 50.00

Figure 18 Sandard QMSmass spectra over 0 —50 amu. Theinset - a high resolution FTMS mass
spectrum - shows that the signal is unambiguously H;O", with a mass of 19.02 amu.

condtitute the grids and other surfaces in a conventional mass spectrometer) readily occurred.  Hence

the source of H;O" in a conventiond QMS s identified.
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