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Highlights

1) B-doped synthetic diamond surface successfully tested for space application.

2) Angular scatter of low-energy H and O ions is less than that of other synthetic
diamond samples.

3) Boron-doping allowed preventing electrostatic charging of synthetic diamond
material.

Abstract

For the detection of low energetic neutral atoms for the remote sensing of space plasmas, charge state
conversion surfaces are used to ionize the neutrals for their subsequent measurement. We investigated
a boron-doped Chemical Vapor Deposition (CVD) diamond sample for its suitability to serve as a
conversion surface on future space missions, such as NASA's Interstellar Mapping and Acceleration
Probe.

For H and O atoms incident on conversion surface with energies ranging from 195 to 1000 eV and
impact angles from 6° to 15° we measured the angular scattering distributions and the ionization
yields. Atomic force microscope and laser ablation ionization mass spectrometry analyses were
applied to further characterize the sample. Based on a figure-of-merit, which included the ionization
yield and angular scatter distribution, the B-doped CVD surface was compared to other, previously
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characterized converston surfaces, including e.g. an undoped CVD diamond with a metallized
backside. For particle energies below 390 eV the performance of the B-doped CVD conversion
surfaces is comparable to surfaces studied before. For higher energies the figure-of-merit indicates a
superior performance, From our studies we conclude that the B-doped CVD diamond sample is well
suited for its application on future space missions.

1. Introduction

The measurement of Energetic Neutral Atoms (ENAs) is a powerful technique to study space plasma
distributions via remote sensing. whereby plasma ions charge exchange with the neutral ambient gas
[1]- The newly created ENAs keep the velocity and the direction of the original plasma ions but since
they are not bound by the electromagnetic forces anymore, they travel along ballistic trajectories. This
allows for remote observation of space plasmas. Requirements for ENA instrumentation are the
registration of the ENA, its mass and energy. and its direction to obtain the full information on the
plasma distribution. A crucial step is the ionization of the ENA. For ENAs with energies of only a few
hundreds of eV/q, the oniy possibility for the ionization is the application of a conversion surface [1}.
The ENAs are scattered from a suitable conversion surface, where a considerable fraction of the
scattered particles are either positive or negative ions [1]. ENA imaging instnunents for positive as
well as for negative ions have been realized, for example [2,3]. Examples of ENA imaging by these
instruments are presented in [4], for positive ions and in [5], for negative ions.

A key component in the ENA imaging instrument is the conversion surface. The desired properties of
a conversion surface are a high ion yield, as well as a narrow angular scattering distribution of the
particles from the surface. A high negative ionization yield increases the sensitivity of the instrument
and a narrow angular scattering distribution increases the transmission through the ion-optical system
[24]. In addition, chemical stability of the surface is desirable. Further the avaitability of high quality
surfaces, at a reasonable price, plays an important role, because depending on the instrument design it
can be necessary to cover a large area with conversion surfaces. Diamond was identified already by
previous research as a potential material for conversion surfaces, where for polished natural diamond a
high ionization yield and good angular scattering properties were presented in [6]. However, the high
costs of natural diamond were prohibitive to equip instruments for ENA detection with conversion
surfaces of this material. As an alternative, synthetic diamond surfaces, e.g. coatings of free-standing
chemical vapor deposited (CVD) diamond were investigated [7-9]. For NASA’s Interstellar Boundary
Explorer Mission (IBEX) diamond-like conversion surfaces were used in the IBEX-Lo ENA camera
[3]. Despite the very successful application of synthetic diamond surfaces in the IBEX mission, the
research on diamond based conversion surfaces continues, e.g. [10], looking for improved ionization
yields, narrower angular scattering distributions, and easy availability of high quatity surfaces. For
example, NASA’s I[nterstellar Mapping Probe (IMAP), the follow up mission of IBEX, aims at
measuring interstellar neutral atoms at the boundary of the heliosphere with larger spatial resolution,
larger energy range and higher sensitivity than IBEX did [11}. The Jupiter Neuiral Atoms Analyser
(JNA) onboard ESA's Jupiter fcy Moon Explorer (JUICE) will map neutral atoms to study the Jovian
plasma environment and its interaction with the icy surfaces of the Jovian moons [12]. Both, IMAP
and JNA require high quality conversion surfaces, the first one especially regarding angular scattering
properties, the latter especially regarding chemical inertness and radiation bardness as the conversion
surfaces are exposed to strong radiation. With advancing space research, also the requirements on
conversion surfaces will increase. Therefore, the constant research on newly available materials and
their characterization as potential conversion surfaces is important and of high interest for other space
instrumentation appiying similar surfaces, for example time-of-flight (TOF) instruments making use of
secondary electron emission propetties.



2. Experiment

2.1 Experimental set up ILENA

Figure 1 shows the schematic of the measurement set up of the Imager for Low Energetic Neutral
Atoms (ILENA) test facility at the University of Bern, Switzerland. As the setup has been described in
detail in earlier publications [6,7,13,14], only a short description will be given here. An ion beam of
the species of interest is produced by an electron-impact ion source. The ions are accelerated to the
desired energy and focused by suitable ion optics toward the sector magnet, which deflects the ion
beam by 90°. By applying a suitable magnetic field, it is ensured that only the selected atom species
reaches the charge state conversion surface (CS). Passing through a pinhole of 1 mm diameter and
further ion optics, the ions are directed onto the test conversion surface, where they are scattered. The
sample is mounted on a holder that can be rotated to allow for different angles of incidence. After
interaction and charge exchange processes with the surface, a retarding potential analyzer (RPA)
prevents positive ions from entering the detection unit and similarly a grid to repel electrons. For
position sensitive detection of the negatively charged ions and the neutral atoms, three microchannel
plates in Z-Stack configuration are used.
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For our experiments, we used a beam of positively charged ions, although charge state conversion
surfaces are needed for the conversion of neutrals, because ions can easily be guided and accelerated
by electric and magnetic fields. However, positive ions are effectively neutralized prior to scattering
off the conversion surface [6,7], which justifies using positively charged ions for our experiments.
Positive ions in the scattered particle beam are deflected by the positive potential of the RPA grid.
Therefore only neutrals that are not ionized upon scattering and negative ions reach the detector. For
the measurement of the negative ionization yield, the detector is floated on a negative potential so that
only neutral atoms are detected. The portion of atoms that become negatively charged upon scattering
off the test surface can be determined by the ratio of the detected particles with and without setting the
detector to floating potential. A set of five measurements, three without and two with floating
potential, is used to monitor time-dependent instabilities of the system [10].

To correct for the contribution by recoil sputtering, each measurement is repeated with noble gases
since these do not form negative ions. The ionization yield measured for He and Ne is subtracted from
the results of H and O, respectively, as their masses are comparable.

The typical base pressure of the facility is about 5-10® mbar that rises during operation of
(4.0 £0.5) - 1077 mbar because of the introduction of the test gas. Prior to each set of measurements,
the ion optics were optimized for maximum transmission throughout the experiment. The count rate
was adjusted to a constant value to ensure the same statistics of about 6 - 10° counts in total for each
measurement.



The angular scattering was evaluated by analysis of the Full Width at Half Maximum (FWHM) of the
angufar scattering distribution. In the analyses the angular scattering in azimuthal and in polar
direction were analyzed separately.

Except for energies below 500 eV, all measurements were performed with atomic ions. At energies
below 500 eV, a reasonably high count rate could not be achieved with atomic ions and therefore,
molecular ions were used for these measurements. Because about 80% of all molecules dissociate
before reaching the conversion surface [6], under consideration of the atom energy, the analyses of
these measurements are similar to the measurements conducted with atomnic species. In these analyses
it was assumed that the energy of a molecule is equally divided between the two atoms, which are
formed by the dissociation. A relative error of 10% of the atom energy was assunied to consider cases
deviating from the perfect bisection of the molecule energy.

2.2 Boron-doped CVD Diamond

Earlier experiments of scattering low energy neutral atoms on an undoped free-standing CVD
diamond surface ((300 & 50) um thick) showed that the conductivity of the C8 was not sufficient and
electrical charging of the surface was observed [10]. This is not surprising as pure diamond is a very
good insufator. Electrostatic charging of the sample during measurements resulted in deflection of the
incoming ions. and thus in distorted angular scattering distributions, and generally in experiments not
being able to be reproduced [10].

In [7], a natural type Ita diamond was investigated for suitability as a CS in an ENA detecting
instrument, which did not charge during the scattering experiments. Natural diamond of this type
contains only very few impurities, mainly N with a concentration of about 10" ¢m™ [15] but no B
impurities [25]. The second type of natural diamond, type Ib, is characterized by a higher electric
conductivity than type Ia due to the abundance of B impurities of up to 10 ppm (atomic fraction) [25].
The type [Ib diamond is a very rare material occurring in the natural world [151, but the synthetic
equivalent is commercially available. Based on the physical parameters of conductivity and
concentration of impurities of natural and synthetic diamond samples that were investigated in former
studies [7,10], we concluded that electrostatic charging of a CVD sample used as a CS could be
prevented by a B-concentration of about 10" e¢m™. According to the manufacturer [Diamond
Materials GmbH, Hans-Bunte-Strasse 19, 79108 Freiburg i.B., Germany], the B-doped CVD sample,
investigated in this study, contains B with a concentration of 5 * 10’® cm™, which is equivalent to a B-
abundance of 28.4 ppm (atomic fraction).

Similar to the experiments conducted in [10], we measured the variation of the angular scattering in
long measurement cycles. for the B-doped CVD surface. In previous experiments it was observed that
the mean angular scattering explicitly decreased over time due to electric fields caused by the built-up
surface charge. These fields deflected the incoming fon beam and caused it to impinge at a different
surface location on the CS. Any kind of significant change of the scattering angles in long
measurement cycles under constant measurement conditions would indicate such electrostatic
charging effects.
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Fig. 2: Charging Experiment Scaftering angle in polar direction for (193=19.3) eV H; impinging on the B-
doped CVD diamond as a function of time,

Figure 2 shows the mean angular scattering in polar direction as a function of time for nine
measurements carried out with (195+19.5) eV H uader constant measurement conditions over the
duration of 250 minutes. It shows that the results are reproduced within the measurement accuracy of
£ 0.5 degree, thus surface charging is not observed. Additionally, also the angular scattering in
azimuthal direction and the ionization yield were investigated for the measurements shown in Fig. 2.
The results confirmed the reproducibility of the measurements, even with a measurement duration of
4 hours. It can be concluded that the B-atoms in the diamond lattice of the sample lead to a sufficient
increase of the electrical conductivity, hence preventing surface charging by the impinging ion beam:.

For the chemical characterization of the B-doped CVD sample, especially for quantifying the
abundance of B in the sample, we measured the chemical composition of the sample with our Laser
Ablation lonization Mass Spectrometer {LIMS, instrument name LMS}, which has been originally
designed and built for space research at the University of Bern. A femtosecond laser system (A = 775
nm, repetition rate of < | kHz, ©~ 190 fs, energy/pulse < Iml) is used for clean material ablation and
ionization, coupted with a reflectron-type TOF mass analyzer. Delails about LMS can be found in the
numerous publications on the functionality and perforinance of the system, for example [16-20].

Figure 3 shows the mass spectrum of the B-doped CVD sampie measured with LMS by applying a
laser irradiance of about 12.5 TW/cm?. For the mass spectrum displayed in Fig. 3, spectra from 357000
single laser shots were accumulated in the histogram. The mass resolution of about 250 % 50 is
sufficient to distinguish between single masses and thus between isotopes. The relative abundance of
2C and "*C was measured to be 98.93 % and 1.07 % respectively, which is in good agreement with the
terresirial abundance of 98.89 % and 1.11 %, respectively [21] and thus is a confirmation of good
conditions for laser ablation measurements,.
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Fig. 3: Mass spectrum recorded with LMS showing the chemical composition of the B-doped CVD
sample (a). Complete mass spectrum with odd (blue symbols) and even (red symbols) carbon cluster
indicated, and black symbols show large carbon clusters with a periodicity of 4 atoms (b). Low-mass pari
of the mass spectrum showing the location of B atoms; (c) zoom on the "°B and ''B.

The chemical composition measurements showed the high purity of the synthetic diamond sample.
From the production and handling of the sample, a possible abundance of H was expected, but only a
very small signal of H* was visible in the mass spectrum. Additionally, we did not observe any O, N*
or other possible contaminants in the mass spectrum. All mass peaks that were identified in the mass
spectrum could be assigned to atomic C, atomic B and C clusters. The carbon clusters formed in the
plasma plume by recombination processes of the ablated C-atoms. C-clusters up to Cy4 are visible in
the spectrum in Fig. 3a). We observed that clusters with an even number of C-atoms (marked by blue
upwards pointing triangles in Fig. 3a) had higher signal intensities, thus were more likely to be formed
than those with odd numbers of C-atoms (red downwards pointing triangles in Fig. 3a). This is in
agreement with the observations presented in [22], where the authors state the different processes and
probabilities for C-cluster ion formation induced by laser irradiation. Also in agreement with the
research presented in [22], we observed that for clusters larger than Cy the odd and even rule change to
a periodicity of 4 carbon atoms. In Figure 3 this is indicated by the black diamond shaped symbols and
the dotted lines above the corresponding mass peaks, which were added to guide the eye.

For the quantitative analysis of the chemical composition of the B-doped CVD sample, all clusters
were included in the calculations and the areas of the mass peaks were corrected by the according
relative sensitivity coefficients (RSCs), which is necessary, as the sensitivity of the LMS is not the
same in all species [20]. Based on the results of former studies [20,23], and based on the atomic orbital
ionization potentials of the elements, the corresponding RSCs were applied, resulting in a composition
of the sample of almost 100% C, (24.4+4.0) ppm (atomic fraction) B and (6.2 +2.9) ppm (atomic
fraction) H, which corresponds to the specifications given by the manufacturer.

The surface roughness is an important parameter affecting the angular scattering of the CS. Therefore,
we conducted Atomic Force Microscope (AFM) measurements of the CVD sample to characterize the
surface. Figure 4 shows the AFM image of the B-doped CVD diamond surface. The image covers an



area of 20 um x 20 um, representing the typical sample surface, and a vertical scale of 8 nm. AFM
imaging was carried out in an ambient environment at room temperature employing Nanosurf
FlexAFM scan head at the department of Chemistry and Biochemistry at the University of Bern. The
average and root mean square surface roughness calculated from the whole image are 1.04 nm and
1.42 nm, respectively.

L opm [nm]

Fig. 4: AFM image
An area of 20 pm x 20 pum, representing the typical sample surface, was imaged with a Nanosurf FlexAFM
scan head. The vertical extend of the surface roughness is 8 nm peak-to-valley.

3. Results and Discussion

3.1 Angular Scattering
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Fig. 5: Angular scattering
The angular scattering in
azimuthal (a) and polar (b)
direction was meuasured for the
B-doped and the metallised
[10] CVD diamond ai an
angle of incidence of 8°.
Measwrements shown with an
enzrgy unceriainty were
carried out with molecules.

CVD diamond with a metallized backside, presented in f1G]. Figure 5a)

scattering in azimuthal and polar direction, respectively. The energy of the atoms is considered with a
relative error of 10% for the measurements that were carried out using Ha and O, for the reasons
mentioned in Sec. 2.1. An increase of the angular scattering, in both azimuthal and polar direction, is
observed with increasing incident energies, which is in agreement with the findings from earlier
pubiications [8,10,14].

For the B-doped CVD diamond sample, the measurements of the angular scattering in azimuthal
direction resulted in 13° to 20° (FWHM) for measurements with H and 10° to 15° (FWHM) for O. For
H at energies below 500 eV this corresponds to a narrower angular scattering than reported for the
metallized CVD diamond [10], while the scattering distributions are comparable to the sample
investigated in [10) with energies of 500 eV and above (Fig. 5a). For measurements with O and
energies below 390 eV, the angular scattering in azimuthal direction is slightly higher for the B-doped
CVD diamond than the resulis reported in [10]. On the other hand the angular scattering of O in
azimuthal direction is significantly smaller for the B-CVD sample for energies between 780 eV and
1000 eV, compared to the metallized CVD sample.

Figure 5b) shows the angular scattering in polar direction measured for H and O on the B-doped CVD
sample, and the data measured on the metaliized CVD sample [10] for comparison. We measured a
scattering in polar direction of 8.5° to 11° for H and 7.5° to 10.5° for O. Compared to the metallized
CVD diamond, the scattering properties of the B-doped CVD diamond are significantly better in polar
direction. Only for O at 195 eV ate the angles comparable. For all other evaluated measurements
significantly narrower angular scattering in polar direction is found for the B-doped CVD sample.

3.2 Negative [onization Yield

The negative ionization yield is of major interest for CSs in space plasma research [23] as it
contributes directly to the total detection efficiency of an ENA delecting instrument. The negative
ionization yield is defined as the quotient of the regisiered number of negative ions to the number of
neutrals.
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Fig. 6: Negative ionization yietd

Measurements of the ionisaiion vield for H and O, carried out at an angle of incidence of 8°. Resulis of
the metallised CVD diamond from [10] are shown for comparison. Measurements shown with an
energy uncertainty were carried out with molecules.

Measurements were cartied out at an angle of incidence of 8° for H and O. The data were corrected for
the recoil sputtering background using the measurements of He and Ne, respectively. In Figure 6 the
results are shown together with the data of the metallized CVD diamond frem [10]. For the B-doped
CVD diamond, we measured a negative ionization yield between 8 and 13 %, depending on the atom
energy, for O. The negative ionization yield of H was measured to be about 2 %, independent of the
atom energy.

The measured negative ionization yields for H are similar to the previous measurements with the
metallized CVD diamond sample [10] within the range of uncertainties. For O the B-doped CVD
diamond sample shows a stronger energy dependency than the metallized CVD sample. In comparison
lo the metallized CVD sample the negative ionizations yield measured for the B-doped sample is
lower for energies below, but higher for energies above 500 eV.

3.3 Figure of Merit

A high negative ionization yield and narrow angular scattering distribution are preferred for the
application of a CS in an ENA imaging instrument. In [10] a Figure of Merit (FoM) was introduced to
combine these two key variables. There the FoM is defined as the negative jonization yield divided by
the fraction of the hemisphere above the CS that is covered by the scattered atoms. The resulting FoM
is unitless and should preferably be large quantity {10].

In Figure 7a) the FoM resulting from the measured angular scattering and ionization yield (Fig. 5,
Fig. 6) is shown as a function of atom energy for an angle of incidence of 8°. For comparison the data
for the metatlized CVD diamond [10] were added to the graph. Compared to the metallized CVD
diamond, the B-doped CVD diamond sample shows a slighity better performance for H over the whole
range of energies covered by our experiments. For O the FoM decreases with increasing energy for the
metallized CVD diamond due to the steep increase of the angular scattering with increasing atom
energy {(Fig. 9 in [10]). For the B-doped CVD diamond sample we find a FoM that is constant within
the range of uncertainties over the investigated range of energies. Thus, for the measurement with O



the metallized CVD diamond sample shows a better performance for energies < 250 eV, while the B-
doped CVD diamond sample is favorable for energies > 390 eV.

In Figure 7b) the FoM of O for different angles of incidence is displayed as a function of the incident
atom energy. Data points of measurements at a constant angle of incidence are connected by a line to
guide the eye. For comparison, the data of the metallized CVD diamond sample from [10] are shown,
100. It can be observed that the B-doped CVD diamond sample performs significantly better than the
metallized CVD diamond at small angles of incidence and particularly at high atom energies. For
larger angles of incidence, the difference in the FoM can stiil be observed, but becomes less important.
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Fig. 7: Figure of Merit
a) The Figure of Merit in dependence of atom energy for H and O at an angle of incidence of 8° on the
B-doped CVD compared to the values measured on a CVD sample with a metailic coating [10].
b)  Figure of Merit for different angles of incidence for O on both CVD diamond samples. For reasans
of clarity, data points measured at larger angles of incidence are connected by lines.

The FoM is defined here very general since the evaluation of the CS is not done for a specific ENA
instrument with a known angular acceptance in polar and azimuth direction. However, the choice of
FoM definition is not that critical for the qualitative assessment of a CS. For example, if we use the
scattering in the azimuth angle instead of the fraction of the hemisphere in the FoM we arrive at the
same conclusion of the B-doped CVD diamond sample being superior to the metallized CVD
diamond.

4. Conclusion

A B-doped CVD diamond from Diamond Materials GmbH was tested in the ILENA test facility at the
University of Bern [13}] for suitability as a conversion surface in an ENA imaging instrument for
future space missions, such as NASA’s Intersteliar Mapping Probe (IMAP). The B-dotation was
chosen to prevent possible electrostatic charging of the conversion surface upon ionization of
impinging neutral atoms. Such charging effects were observed in earlier measurements of a pure CVD
diamond sample [10}.

For characterization of the B-doped CVD diamond sample, we measured the B-abundance in the
sample with our LIMS instrument [16-20]. Our measurements result in an abundance of
(24.4+4.0) ppm B (atomic fraction) in a pure C-matrix, which is in agreement with the specifications
given by the manufacturer. Despite the high sensitivity of the LMS we did not observe any
contaminants in the sample (Fig. 3), which could possibly occur due to manufacture processes and



handling of the sample. During the subsequent ILENA measurements electrostatic charging of the
sample was not observed, even during long duration measurements up 1o 250 minutes. This is in
agreement with our estimations of the dopant concentration needed for preventing electrostatic
charging, performed prior to the experiments,

The surface roughness of the B-doped sample was determined by AFM #maging. With a result of Ra
= 1.0 nm (8 nm peak to valley) the sample seems to have an equally smooth surface as the metallized
and the puwre CVD diamond sample investigated in [10], where Ra = 1.3 nm was reported, despite that
the B implantation in the diamond may lead to a higher surface roughness. Furthermore, the AFM
imaging was carried out after the measurements in the ILENA facility and after chemical composition
measurements with our LIMS instrument.

The anguiar scattering in both polar and azimuthal directions and the negative ionization yield were
measured in the TLENA test facility for H and O covering an energy range between of 195 eV and
1 keV. In comparison to a metallized CVD diamond [10}. we measured smaller angular scattering in
azimuthal direction for H for energies below 500 eV and comparabie values for energies above (Fig.
52). However, the angular scattering in azimuthal direction for H as a function of energy shows a
smoother increase for the B-doped sample than for the metallized CVD diamend sample. For O, in
comparison to the metallized sample, we measured a larger anguiar scattering in azimuthal direction
for low energies, but smalter angles for higher energies, which results in an even smoother increase of
the angular scattering with energy (Fig. 5a). In general, small angular scatter and a reduced
dependence of the angular scattering on atom energy are of high advantage for the ton-optical design
of an ENA imaging instrument and for its calibration. The smailler angular scattering means less
particle loss and allows for highly optimized ion optics and thus, for a higher angular resolution of the
instrument,

For the angular scattering in polar direction, we measured clearly smaller, thus favorable angular
scatter than it was reporied for the metallized CVD diamond sample. The angular scattering in polar
direction is mainly influenced by the scattering geometry, thus by the angle of incidence. Similarly to
the angular scattering in azimuthal direction, the polar scattering affects the design of an ENA imaging
instrument. A smailer polar angle of the scattered ionized neutral atoms allows for a more compact
design of the instrument, higher optimization of ion optics and therefore, for higher angular resolution
of the measurements in space. From these results we conclude that the properties of the B-doped CVD
diamond CS are advantageous for its application in an ENA imager for space research.

From our measurements in the ILENA test facility, we determined the negative ionization yield of the
B-doped CVD diamond sample. For H incident on the B-doped CVD diamond surface in an angle of
8¢, we measured an ionization yield of about 2 %, which is a value comparable to the ionization yield
determined for the metailized CVD diamond sample {Fig. 6). For O at an angle of incidence of 8° on
the B-doped sample, we determined, in comparison to the metallized sample, a lower negative
jonization yields for energies below 500eV and higher for measurements above 500 eV. Since the
negative ionization yield reaches a saturation value at high energies, this saturation level of about 13 %
is slightly higher for the B-doped CVD diamond sample than for the metaliized sample, whiclt reaches
an ionization yield ol about 12% at energies above 800 eV.

For the investigation, how the angular scattering and the negative ionization yield can counterbalance
each other, the Figure of Merit {FoM) was used. For H, the FoM derived from the measurements on
the B-doped sample for 8° incidence are comparable to the metallized CVD diamond sample. For O
we find, in comparison to the metallized CVD diamond sample. a higher FoM for energies above
390 eV (Fig. 7a). In addition, measurements were carried out for angles of incidence of 6°, 10°, 12°
and 15° (Fig. 7b). Similar to the results reported in [10], we observe a clear increase of the FoM with
decreasing angle of incidence. For smaller angles, 6° for example, the much narrower angular
scattering distribution clearly compensates for the smaller negative ionization yield, which results
from the measurements at these small angles of incidence. Accordingly the much larger angular scatter



for larger angles of incidence cannot be compensated by the slightly higher negative ionization yield.
These resuits show that although the ionization yield is one of the main constraints of the detection
efficiency of an ENA imaging instrument. the angular scattering is of great importance, tco. The
scattering properties of a CS are not only important for the optimization of the instrument design, but
our analyses show that small angular scattering can outbalance the ionization yield.

In [10] it was shown that highly polished CVD diamond is a material with promising properties
compared to alternatives, like for example Al2Os [14] or to the H-terminated diamond like carbon CSs,
which were applied for example in the IBEX-Lo camera [8]. The chemical inertness and especially the
off-the-shelf availability of the samples emphasize the advantages of CVD diamond for its use as a CS
in ENA imaging space instrumentation,

The FoM shows that the performance of the B-doped CVD diamond sample outperforms the
metallized sample, which is the most distinct for small angles of incidence. This better performance
can be ascribed to the smaller angular scattering, which is, among others, an important driver of the
total transmission and thus detection efficiency of an ENA space instrument.
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