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Abstract

In this paper we report on the first observation of the formation of negatively charged ions upon reflection from a diamond
surface. Positive H, and O, ions are scattered at small angles of incidence from a polycrystalline diamond surface. Charge exchange
is observed yielding neutral particles and negatively charged ions. The negative ion fractions in the reflected particle flux are 5.5%
and 29% for hydrogen and oxygen, respectively. These high negative ion yields are maintained in a moderate vacuum environment
(1077 mbar) over weeks without further periodic reconditioning of the surface. © 1997 Elsevier Science B.V. All rights reserved.
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1. Introduction

For a mass spectrograph for low energy particles,
designed to explore the two-dimensional structure
of magnetospheric features on the IMAGE satellite
mission [1], surface ionization was identified as
the only viable ionization technique to have the
potential to meet the requirements concerning ion-
ization efficiency for the energy range of 10 eV to
1keV within the limitations imposed by the
resources (space, weight, power, etc.) available on
a satellite [27]. It was concluded that the ionization
efficiency should exceed 1%, should be uniform
over large areas, and should exhibit good long-
term stability. Surface ionization introduces new
demands on the design of the mass spectrometer
and requires the development of new analyzer
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elements with matched ion optical properties. An
instrument meeting these demands has been
described recently [ 3,4]. The main species of inter-
est in magnetospheric research are H and O atoms.
In the past 15 years, surface ionization has been
studied extensively for potential application in
fusion plasma research. With this technique, ioniza-
tion efficiencies of up to 67% in the energy range
from several eV to about 1 keV [5-7] have been
achieved, using low work function (WF) surfaces
for converting neutral particles or positive ions
into negative ions. The physical process of ioniza-
tion after reflection is resonant charge exchange
from the conduction band of the converter surface
to the affinity level of the scattered particle [7].
In most applications of surface ionization so far,
a metal surface has been used, where the work
function of the surface was significantly reduced
by the application of a monolayer or less of an
alkali metal [8] or an alkaline earth metal [97.
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The application of this overlayer of metal usually
involves a dispenser, which releases defined quanti-
ties of the metal upon heating. Since the alkali
metal and to a lesser degree the alkaline earth
metal surface are chemically very sensitive, they
degrade even in good vacuum after some time, and
regeneration of the converter surface at regular
intervals is necessary for long-term operation. This
regeneration of the converter surface involves heat-
ing of the surface to substantial temperatures to
evaporate the adsorbates, and the alkali or alkaline
earth metal overlayer. Then, a fresh alkali or
alkaline earth metal layer is applied. In addition
to surface heating, the handling of a dispenser
introduces some complexity, such as monitoring
the WF of the surface. Despite these experimental
challenges, Cs/W(110) [10] and Ba/W(110) [11]
converter surfaces can in principle be used on a
space platform.

In parallel, we were looking for an alternative
converter surface, where the regeneration of the
surface would be easier or not necessary at all.
Recently, a LiF(100) surface, a wide bandgap
insulator, was successfully employed for surface
conversion, and negative ion yields of up to 70%
for oxygen were reported [ 127]. Unfortunately, LiF
is not a very stable surface chemically, and the
usable energy range of the LiF surface does not fit
our needs. As a potential candidate for surface
ionization, we studied a diamond surface, which is
chemically inert and very stable and is also an
insulator. The diamond surface proved to be well
suited for surface ionization. In this paper we
report the details of these measurements.

2. Experimental setup

An experiment to study surface ionization was
built to investigate the suitability of various conver-
sion surfaces for their application on a space
platform [[137. To assess the applicability of surface
ionization to space instrumentation, two important
issues had to be investigated: (1) degradation of
the converter surface due to residual gas, and
(2) degradation of the converter surface due to
intense UV radiation. In addition, the particle
reflection properties, which are important for the

ion—optical design of the satellite instrument, had
to be studied. Our experiment was designed to
address the above-mentioned issues and thus to
identify a conversion surface which meets the strin-
gent qualifications necessary for space research.
The schematics of the experimental setup are given
in Fig. 1.

The experiment consists of an ion source, a beam
guiding system, a sample stage with housing and
with an alkali dispenser unit (not used for this
study), and a detection unit. All these units are
contained in a single vacuum chamber pumped by
a turbomolecular pump.

Tons are formed in an electron impact ion source
(Nier type), with the intensity of the primary beam
ranging from 0.1 to 2 pA, and are accelerated to
energies from 100 eV to 3 keV. These ions are then
deflected in a 90° cylindrical energy analyzer, with
an energy width of the ion beam at the sample of
AE/E=1% (FWHM). The energy analyzer focuses
the ion beam on the entrance aperture of the
sample housing. Two diaphragms limit the beam
size to & 1 mm and the beam divergence to 1°.
The impact angle of the ion beam on the conver-
sion surface can be chosen between 90° and 0°
with respect to the surface normal. The reflected
beam is recorded on a two-dimensional position-
sensitive MCP detector (& 40 mm) which floats
on an adjustable high voltage. In front of the MCP
detector, a retarding potential analyzer (RPA) with
three grids is mounted. The detector unit, including
the RPA, is shielded electrostatically, and can be
rotated independently from the converter surface
around the same axis. The outer grids of the RPA
are grounded to shield the inner grid, which has a
permanent bias to suppress positive ions. An addi-
tional grid in front of the MCP detector at a
negative potential with respect to the MCP detec-
tor serves to reject secondary electrons originating
from the converter surface. Using the two-
dimensional information from the detector, an
angularly-resolved conversion efficiency can be
derived. In addition, angular scattering in the polar
and azimuth directions is measured with the
detector.

Located outside the vacuum chamber is a halo-
gen lamp coupled to a monochromator, which
provides monochromatic light of variable wave-
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Fig. 1. Schematics of the experimental setup.

length for the work function measurement. This
light is introduced into the vacuum chamber by a
fiber-optical system and directed onto the conver-
sion surface. The released photoelectrons are either
measured with a pico-amperemeter attached to the
sample or with the MCP detector. The latter is
necessary when investigating an insulating surface.
To test the UV response of the conversion surface,
it can be exposed to very intense ultraviolet radia-
tion produced by a QUANTATEC Xe lamp.

For the converter surface we used a silicon (100)
wafer coated with polycrystalline diamond of 2 um
thickness [147]. The converter surface was stored
in a container in air for several years before
introduction into the vacuum. Our polycrystalline
diamond sample has a mirror-like smooth surface
with a grain size ranging from 10 to 100 nm, as
verified by a SEM measurement. The surface was
prepared in a manner suggested earlier [15,16].
The sample was washed in methanol immediately
before being mounted in the vacuum chamber.

After pump-down, the entire vacuum chamber was
baked-out at 100°C for 24 hours, after which a
residual gas pressure of 5x107® mbar was
achieved. During operation the pressure may rise
into the low 10~7 mbar range as a result of leaking
the test gas into the ion source chamber. The
surface was heated to approximately 500°C for a
few minutes before a set of measurements was
performed.

3. Results

Although we eventually want to use surface
ionization to negatively ionize neutral atoms, for
this experiment we used positive ions to investigate
surface ionization. Furthermore, we used hydrogen
and oxygen molecular ions rather than the respec-
tive atomic ions, because molecular ions can be
produced far more efficiently in our system. The
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impact of using positively charged molecular ions
on the results is discussed in detail below.

The negative ion yield in the scattered beam is
determined by measuring the total reflected beam
and only its neutral component. The ionization
efficiency # of the surface can be calculated from

No
Ntot,

where N, denotes the counts of the neutral portion
of the reflected beam within a given detector area,
and N, denotes the total counts within the same
area and time. To sweep out negatively charged
particles from the reflected beam, the MCP detec-
tor is floated on a high negative voltage with
respect to the converter surface.

No reflected positive ions were detected in our
experiment. Secondary electrons originating from
the conversion surface and from the three RPA
grids were hindered from reaching the MCP detec-
tor by a negative potential of 150 V on the entrance
grid of the MCP detector. To identify further
contaminations to our negative ion signal we per-
formed measurements using Ne primary ions,
which do not form negative ions. This result is
used to modify Eq. 1. The final ionization efficiency
of the surface is derived after corrections are
applied to Eq. 1 accounting for the energy depen-
dence of the detection probability and the different
detector efficiencies for neutral particles and nega-
tive ions [11]. Applying all these corrections
lowers the final negative ion yield compared to the
measured number.

Fig. 2 shows the measured negative ion fraction
in the reflected beam for HY primary ions in the
energy range from 300 to 800 eV that were scat-
tered from the polycrystalline diamond surface.
After applying all corrections, the negatively
charged fraction in the scattered flux is 5.5% at
400 eV and declines somewhat for higher energies.
Because of the difference technique used for deter-
mining the negative ion fraction in the scattered
flux, significant uncertainties are introduced as
indicated by the error bars in Fig. 2. Fig. 3 shows
the negative ion fraction in the reflected beam for
Oj primary ions in the energy range from 300 to
800 eV that were scattered from the polycrystalline
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Fig. 2. Measured negative ion fraction in the scattered particle
beam from a polycrystalline diamond surface for different
primary energies for H, primary ions at an incoming angle of
82°. The entire scattered flux has been evaluated for this figure.
The horizontal error bars only apply to the energy perpendicu-
lar to the surface, E,..,; the error in the total energy, Epui, 1S
less than the symbol size.
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Fig. 3. Measured negative ion fraction in the scattered particle
beam from a polycrystalline diamond surface for different
primary energies for O, primary ions at an incoming angle of
82°. The entire scattered flux has been evaluated for this figure.
The horizontal error bars only apply to the energy perpendicu-
lar to the surface, E,..,; the error in the total energy, Epuay, 18
less than the symbol size.

diamond surface. After applying all corrections,
the negatively charged fraction in the scattered flux
is 29% at 300eV and is almost constant with
energy.

For hydrogen as well as for oxygen, we find that
the ionization efficiency of the diamond surface
remained constant for periods of weeks. Fig. 4
shows two sets of measurements of the negative
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Fig. 4. Measured negative ion fraction in the scattered beam
from a polycrystalline diamond surface for O, primary ions at
770 eV at 82° impact angle for extended time periods. The full
symbols indicate the first set of measurements, the open
symbols indicate the second set of measurements. Before each
set of measurements the sample was heated to approximately
500°C.

ion yield for O, primary ions for extended time
periods demonstrating the long-term stability of
the diamond surface. Within the uncertainties of
the measurements, no degrading effect e.g. due
to the background gas (in the low 10”7 mbar
range) or due to the primary beam was observed.
Initially, the diamond sample was heated before a
set of measurements was started. However, later it
was verified that this thermal cleaning is not neces-
sary. A diamond sample was left in air before
introduction into the vacuum chamber, and the
reported ionization efficiencies were reproduced.
Fig. 5 shows the dependence of the negative ion
yield on the energy component perpendicular to
the surface of the reflected particles for an OF
primary ion beam with an energy of 770 eV and
an incoming angle of 82°. The outgoing angle of
the reflected ion is used to derive the energy
perpendicular to the surface, whereby reflected
atomic oxygen ions are assumed. The intensity of
the scattered particle flux is overlaid in Fig. 5, and
shows a pronounced peak in specular direction,
but also a pedestal extending to large polar angles.
This feature probably comes from particle reflec-
tions at grain boundaries of our polycrystalline
surface. Using single-crystal surfaces, we never
observed such a pedestal. The negative ion yield is
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Fig. 5. The dependence of the negative ion yield (asterisk, left
hand scale) on the energy perpendicular to the surface as it is
evaluated from a measurement of OF at an energy of 770 eV
and an incoming angle of 82°. The outgoing polar angle of the
reflected ion is used to derive the energy perpendicular to the
surface, whereby reflected atomic oxygen ions are assumed.
The intensity of the scattered ion flux is overlaid (diamonds,
right hand scale).

found to be mostly independent of the energy
perpendicular to the surface. The modulation seen
in Fig. 5 in the negative ion yield is caused by
statistical variations due to the limited number of
counts available for an angle bin. For small energies
perpendicular to the surface (small polar angles),
the negative ion yield drops gradually to zero.

The measured angular scattering in polar and
azimuthal direction for a HJ beam impinging on
a diamond surface at an impact angle of 85° with
an energy of 770 eV is displayed in the upper panel
of Fig. 6. The measured angular scattering at
FWHM was 15° in the azimuthal direction and
15° in the polar direction. These values are consis-
tent with MARLOWE [[17] computer simulations
we performed. In the lower panel of Fig. 6 the
angular scattering is shown for an OF beam at an
impact angle of 87°. At this shallower angle of
incidence a narrower specular peak and a reduced
pedestal are observed.

To test the UV response of our diamond surface,
we illuminated it with an intense UV lamp for a
period of 75 hours. No adverse effect on the
negative ion yield is observed. The intensity of the
lamp is three times the intensity of the sun at the




P. Wurz et al. | Surface Science 373 (1997) 56-66 61

H, 770eV 85°
107 ‘ | ‘ S

—~~
o

L)

T

S’

f‘, O" 3
2 »

£ ;

] L

< -5F

—10!%
<N i

70 75 80 85
Polar (deg)

O;" 770eV 87°

10 -
O
CE ‘
bt < -
2, L
= or
3
£ -
N [
< -5}
~10

70 75 80 85 30
Polar (deg)

PR
o.8
0.8 /
<.+ A '/ ‘
/)
4

.= A ',‘""/"f':f’ll":““:“\‘\\!\\

L
< j b

Fig. 6. Measured angular scattering in polar and azimuthal directions for an ion beam with an energy of 770 eV impinging on a
diamond surface. Upper panel: HY at an angle of 85°, lower panel: O at an angle of 87°.

location of the earth in the UV range below
150 nm; i.e. the conversion surface is irradiated
with 2 x 10'® photons s~ cm ™2, which compares
to 6 x 10! photons s™! ¢cm ™2 from the sun in this
wavelength interval at the position of the earth
[18]. From the geocorona a photon flux of 2 x 107
photons s~ cm™? is expected on the conversion
surface [ 10], given by the field of view of 10° x 90°
for the proposed instrument [ 3,4]. Also, in earlier
work where we studied the UV degradation of

Cs/W(110) and Ba/W(110) conversion surfaces,
we did not find any indication of a degradation of
the ionization efficiency with exposure to intense
UV radiation [10,11].

4. Discussion

Incoming ions approaching a metallic surface
are effectively neutralized via an Auger-type
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electron transfer process or by a resonant electron
transition [19,20]. As a result, using positive
primary ions will not affect the determination of
the ionization efficiency. This has been demon-
strated experimentally by comparing ionization
efficiencies for D* and DP° primary particles [21].

The interpretation of the results is complicated
by the fact that the hydrogen and oxygen molecules
dissociate upon neutralization in front of the sur-
face on the incoming part of the trajectory. In the
case of hydrogen, two different ion states are
involved in the charge exchange with the surface
for the neutralization, one which is bonding
(b®ZF) and one which is anti-bonding (X'Z;)
[20]. Collisional dissociation can be ruled out as
a relevant dissociation process for hydrogen,
because the elastic energy transfer is too low at
the energies and scattering angles used in our
experiment [22,237]. From recently published data
we estimate that the dissociation of hydrogen
molecules when approaching the surface amounts
to 80% in our experiment [22-247. H™ and Hj
ions are both detected in our measurements.
Although H, only forms a metastable negative ion
[25], its lifetime of >1075 s [26] exceeds the time
for detection by an order of magnitude in our
experiment. The measured negative ion yield repre-
sents the value for atomic hydrogen, because the
flux impinging on the conversion surface consists
mostly of neutral hydrogen atoms. This conclusion
is in agreement with earlier measurements in the
same energy range [25], where no difference in
the negative ion yield was observed for primary
H* or HJ ions. The authors concluded that the
incoming molecular hydrogen ions dissociate
shortly before they hit the surface, leading to the
reflection of two individual neutral hydrogen
atoms. Using D5 primary ions instead of D™ jons,
a small reduction in the negative ion yield was
observed for low energies (< 1keV) [21], indicat-
ing that the yield of negative deuterium molecular
ions is somewhat lower than for the negative
atomic ion.

As with hydrogen, the oxygen molecule also
dissociates upon neutralization when approaching
the surface. The most likely mechanism is resonant
electron capture into repulsive II states, yielding
oxygen atoms in the *P or *D states which then

hit the surface. From measurements of oxygen
molecules scattered from Ag(111) surfaces we esti-
mate the dissociation to be around 80% at our
energies [287]. The much larger valence bandwidth
of diamond (21 eV) may mean that this estimate
is too high, because the bound O, states can be
populated by a resonant transition rather than an
Auger transition. Again, collisional dissociation of
the oxygen molecule can be ruled out for the same
reasons as for the hydrogen molecule. Thus we can
assume that the flux impinging on the conversion
surface consists primarily of oxygen atoms and the
measured negative ion yield represents the value
for atomic oxygen. To verify this assumption we
did one measurement using atomic oxygen ions.
The result of this experiment gave a conversion
efficiency which, within the measurement uncer-
tainty, is in accordance with the results obtained
for O, (Fig. 3). This agrees with the assumption
that most of the molecules are dissociated before
they hit the surface. The O; ion is also detected
in our system, because O, forms a stable negative
ion with an electron affinity of 0.44 eV [297]. Once
the internal energy of the molecular ion exceeds
this value, O3 autodetaches with a lifetime of the
order of 10719 s,

We proceeded to estimate what effect the mixture
of atomic and molecular particles has on the
outcome of the measurement of the total ion yield
[11]. By assuming the above-mentioned dissoci-
ation rates for the hydrogen and oxygen molecules,
and knowing the detection efficiency for hydrogen
and oxygen atoms and molecules and their respec-
tive negative ions for our detector, we get pairs of
ion yields for the atomic and molecular ions for
each measurement of the total ion yield. Since we
don’t know either value in the pair, we cannot
determine the individual ion yields. However, the
effect on the yield of atomic ions is small, since
this is the majority component in the scattered
flux. Most likely, the yield for atomic ions is a
little bit higher than the total ion yield we measure.

In the following we will briefly review the exist-
ing theories dealing with the formation of negative
ions upon scattering from surfaces to see if these
theories can explain our results for diamond sur-
faces. Two different physical processes are dis-
cussed in the literature, with publication of
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supporting experimental and theoretical work. One
concept pertains to metal surfaces and the other
to insulating surfaces.

4.1. Charge exchange with metal surfaces

Surface ionization using metal surfaces — and in
particular using low WEF metal surfaces — is a well-
established method developed for fusion plasma
research, and a lot of literature is available, e.g.
[5,6,7,27]. Briefly, the incoming positive ion is
neutralized at a large distance in front of the
surface through a resonant transition followed by
an Auger de-excitation. Therefore, in the outgoing
part of the trajectory only neutral and negatively
charged particles have to be considered. In order
for a negative ion to be produced the affinity level
must be populated with an electron transferred
from the surface. The affinity level undergoes a
downshift close to the surface because of the inter-
action with the induced image charge in the metal.
To first order this downshift amounts to

7 1
dm ey 4(z—z5)

AE(z)= (2)
where z is the distance to the surface and zg is the
electrostatic screening length in the metal. Once
the position of the affinity level gets close the work
function of the metal, resonant one-electron tunnel-
ing between the metal and the atom will populate
the negative ionic state. Since affinity levels of
atoms are of the order of 1 eV, the work function
of a metal (usually around 5 eV) has to be lowered
by the application of a thin overlayer of an alkali
metal or an alkaline earth metal [8] to obtain
appreciable yields of negative ions [5,97.

For clean metals electron tunneling does not
occur because there are no occupied states close
to the affinity level of the atom. However, if the
particles are sufficiently fast the population of the
negative ion state can proceed via kinetic effects
facilitated by the relatively high velocity compo-
nent parallel to the surface [30,31]. The interplay
between electron capture into the affinity state of
the atom and electron loss to the conduction band
of the surface results in an effective distance of
formation, z*, of the negative ion. The final nega-

tive ion yield is dominated by electron loss, thus
only modest negative ion yields of the order of
1073 are obtained. The main feature of negative
ion formation after grazing incidence scattering
(angle <1°) from clean metal surfaces is a kinetic
resonance with an onset at a velocity perpendicular
to the surface around 0.1 a.u. and a maximum
yield of a few per mill of 0.5 a.u. [31]. The velocity
where the yield of negative ions maximizes is given
by

Umax=+/2(WF —Ey—AE(E¥). (3)

The negative ion formation is most effective where
the largest number of occupied electrons are in
resonance with the affinity level E, [31], with the
downshift, AE(z*), evaluated at the effective dis-
tance of formation of the negative ion.

The Fermi edge of the diamond surface is about
5¢eV below the vacuum level, which is similar to
most of the metals, with the main difference being
that the bandgap extends from the Fermi edge up
to the vacuum level for the diamond crystal (and
even beyond for the (111) surface). If kinetic pro-
cesses governed the negative ion formation for
scattering from diamond, Eq. (3) would predict the
maximum negative ion vield to be at velocities of
0.483 a.u. and 0.426 a.u. for the formation of H™
and O~ ions, respectively. Since diamond is an
insulator, an important ingredient of the theory of
kinetic charge transfer is missing: the electron loss
from the ion to the surface. Moreover, the “free
electron metal” assumption, another ingredient of
the theory, is certainly not fulfilled for diamond.
Thus the prediction by Eq.(3) may not be taken
that seriously. However, no indication of a kinetic
resonance is observed in our measurements where
the velocity parallel to the surface ranges from
0.077 a.u. to 0.12 a.u. This is below the onset found
for negative ion production for scattering from
clean metal surfaces [30,31]. Thus, kinetic
processes are most likely not responsible for the
formation of negative ions in our case.

4.2. Charge exchange with insulating surfaces

The charge exchange between the surface and
the projectile is certainly different when an insulat-
ing surface is used. The bandgap of the insulating
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surface effectively prevents neutralization once a
negative ion state is populated. For scattering
oxygen atoms from a LiF surface, O~ fractions
of up to 70% have been reported [12]. It was
suggested that the electron is picked up by the
projectile from the F~ ions from the surface of the
lattice in the course of a binary collision. LiF is an
ionic crystal and the valence band electrons are
located at the fluorine ions. Since in grazing inci-
dence scattering the particle interacts with several
surface atoms at comparable distances, the prob-
ability of electron transfer to the affinity state
increases correspondingly. Once the affinity state
is populated, neutralization by tunneling of the
electron back to the solid is inhibited, because
there are no empty states available due to the large
bandgap of the insulator. The dependence of the
yield on the parallel velocity also exhibits the clear
signature of a kinetic resonance, with an onset at
0.11 a.u. and a maximum negative ion yield at
0.23 a.u., indicating a kinetic charge exchange pro-
cess. Eq. (3) would predict the maximum to be at
a parallel velocity of 0.91 a.u., but the same reserva-
tions as above have to be applied to using Eq. (3)
for measurements on LiF.

Diamond is also an insulator with a bandgap of
547 eV [16]. Like the LiF surface and other wide
bandgap compounds, the unreconstructed
(hydrogen-terminated) diamond (111) surface
exhibits a negative electron affinity, the lower edge
of the conduction band being 0.7 eV above the
vacuum level [16]. In contrast to LiF, which is an
ionic crystal, diamond is entirely covalent. Thus
the electrons are not localized at specific sites on
the surface and negative ionization is possible at
every impact location. Our particles come in at an
angle of 8° with respect to the surface. This is
much steeper compared to the measurements
reported for LiF [12], which were done at grazing
angle of incidence (0.5° to 1.5°). In our measure-
ments the interaction of the projectile with the
surface will be restricted to only one or very few
atoms, and surface channeling will not occur. This
compares to the 20 to 70 atoms which contribute
to the population of the affinity level when scatter-
ing from LiF [127. The electron transfer has to be
much more efficient for diamond than for LiF,
because it has to occur in a single impact. As was

stated above, no kinetic resonance is observed in
our measurements. The velocity range where we
observe negative ionization is below the onset for
negative ion production for scattering from a LiF
surface [127]. Thus, the charge exchange as it is
discussed for the LiF surface does not seem to
apply for the diamond surface.

The effect of the velocity perpendicular to the
surface on the kinetic resonance is small, both on
the insulator and on the clean metal surface. It
was found that the negative ion yield increases
slightly with the velocity perpendicular to the
surface, but does not change the shape of the
resonance at all [12,317. The velocities perpendicu-
lar to the surface we used are in the same range
as these earlier measurements.

The formation of negative ions observed in our
experiment appears to be outside the scope of the
current theoretical models. Diamond is not a low
WF surface and we find no indication for kinetic
processes being responsible for the formation of
negative ions. We chose diamond as a conversion
surface, because we thought that a surface which
easily releases electrons into vacuum might also
work well for providing an electron to an atom
being scattered from its surface. Diamond surfaces
are known to be good electron donators facilitated
by their low or negative electron affinity (in partic-
ular the hydrogen-terminated (111) surface). Our
conjecture is that a theory explaining the high
yields of negative ions from diamond surfaces will
have to include the electron affinity of the surface
in some way. Since single crystal diamond coatings
of defined orientation are not available at present,
we decided to investigate polycrystalline diamond.
In the future we plan to use single-crystal diamonds
cleaved from natural diamonds. These diamonds
have significant nitrogen and boron impurities
which change the electronic structure. Type IIb
diamond is even a semiconductor. It remains to
be seen what effect that has on the formation of
negative ions.

5. Conclusions

‘We have observed the formation of negative ions
upon reflection of positively charged particles from
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a diamond surface. We showed that the formation
of negative ions by surface ionization can be per-
formed despite moderate residual background gas
pressure, and can be maintained for extended
periods. Elaborate surface preparation does not
seem necessary. These are major advantages over
the conventional conversion surfaces using Cs
or Ba overlayers on metals [6-97], which need
elaborate preparation procedures and periodic
reconditioning. Moreover, the ionization efficiency
of the diamond surface does not degrade upon
intense UV irradiation. Since the ionization effi-
ciency remains constant with time for the diamond
surface, the incoming neutral particle flux in a
space instrument can be measured quantitatively
all the time without further diagnostic devices,
which is an additional asset for an application on
a space platform. All the previously mentioned
requirements for the application of a diamond
surface for surface ionization in space instrumenta-
tion are met.

Diamond has the smallest lattice constant, and
the atoms of a diamond crystal are more densely
packed than those in any other known material.
Therefore, a single-crystal diamond would be an
even better surface for particle reflection.
Atomically flat and monocrystalline surfaces show
not only smaller angular scattering but also a
higher particle reflection, i.e. fewer particles are
implanted into the converter surface. Thus with a
single-crystal diamond surface, we would expect a
reduction in the angular width of the scattered
beam. The higher particle reflection and narrower
angular scattering of a single-crystal surface would
enhance the high sensitivity of our instrument,
where the expected flux of neutral particles entering
the instrument is of the order of tens per second

[41.
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