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Abstract
Solid-state neutron detectors exploit nuclear interactions producing energetic charged particles within a converter layer 
embedding nuclei with high neutron capture cross section and with thickness compatible with the charged particle range. 
Recently, boron-10 (10B) is being considered as a valid alternative to the expensive and decreasingly available 3He gas thanks 
to its large neutron absorption cross section and high-energy reaction products. Minimized amounts of impurities, films with 
optimal and well-controlled thickness, good uniformity over large areas and good adhesion to the substrates are essential 
to achieve efficient neutron detection performance. In this study, we present well-adherent 1-µm-thick 10B-enriched boron 
coatings, deposited over a large area by off-axis pulsed laser deposition (PLD) using a nanosecond Nd-YAG laser beam oper-
ating at 1064 nm and high fluence (~ 10 J/cm2), onto 1-mm-thick Al substrate as well as smooth and rough C substrates. By 
combining plasma plume divergence and peaked profile under off-axis deposition geometry, uniform10B films were obtained 
over an area of a 3.4 × 3.4 cm2. We discuss the morphological characteristics of our deposits as related to the mechanisms 
of nanosecond laser ablation and present energy dispersive spectroscopy (EDS) elemental analysis of the film, paying atten-
tion to the different surface features. Negligible presence of O, N and C contaminants was achieved by controlled vacuum 
conditions. Moreover, we present encouraging neutron detection performances of our film deposited onto Al.

Keywords  Solid neutron-to-charge converter · Boron coatings · Pulsed laser deposition · Boron enrichment · Textured 
substrate

1  Introduction

Early studies of boron (B) date back to two centuries ago 
and point out the ability of boron to combine with almost 
any element to form compounds [1]. The first report on pure 

boron in 1957 [2] documented a very complex structure 
which is nowadays known to have the most varied poly-
morphs (at least sixteen) including interlinked B12 icosa-
hedra structural units arranged/linked in different lattice 
architectures [3, 4].

Boron and boron compounds have outstanding physi-
cal properties, such as high hardness (comparable to dia-
mond), high stability of B–B bonds, corrosion resistance, 
low densities, high melting temperatures, high reflectance 
in the extreme ultraviolet (40–200 nm), as well as tunable 
thermal and electric transport properties depending on the 
dimensionality (thin films, nanowires, boron fullerene (B40 
molecules), borophene (graphene-like structures composed 
of boron atoms) [5–8]. It results in a large number of appli-
cation areas that make up the elemental boron and boron-
based materials of scientific and technological interest. For 
instance, elemental boron films can be used in thermoelec-
tric energy conversion devices operating at high tempera-
tures [9], as protective coatings and biomedical implants 
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[10, 11], for producing extreme UV optics [12], automotive 
parts [13] and neutron detectors [14, 15]. In particular, neu-
tron detection has a broad range of applications in science, 
industry and medicine from life sciences, material investiga-
tion, radiation monitoring in nuclear power plants, nuclear 
material survey and homeland security [16, 17]. Due to 
their charge neutrality, the detection mechanism of thermal 
neutrons (0.0259 eV) relies on second-order effects, that is, 
production of charged particles, detectable by subsequent 
interaction–ionization processes, following capture reactions 
on neutron reactive nuclei. Since the worldwide availability 
of the most used converter element (3He, mainly produced 
by the radioactive decay of tritium) [18] is strongly decreas-
ing with the subsequently increasing cost [19], research 
and development (R&D) of neutron detection programs is 
actually aiming at replacing the technology based on 3He 
gas [20]. In the field of large area neutron detectors, one 
possible solution to the 3He shortage crisis is the replace-
ment of 3He by the boron isotope 10B, which is one of the 
two stable isotopes of boron, taking advantage of its natu-
ral abundance of about 6x108 times higher than that of 3He 
[21], as well as its high neutron capture cross section (3842 
barns) in 10B(n,α)7Li reactions and quite large charged parti-
cles Q-values. To detail, the 10B(n,α)7Li conversion reaction 
results in two main branching ratio (BR) channels leading to 
lithium and helium nuclei as ionizing products through the 
following reactions:

1.	 t o  g ro u n d  s t a t e  o f  7L i ,  B R  ~  6 % :  7L i 
(1.01 MeV) + α(1.78 MeV) with Q = 2.79 MeV,

2.	 to 1st excited state7Li, BR ~ 94%: 7Li (0.84 MeV) + α(1.47 
MeV) + γ(0.48 MeV) with Q = 2.31 MeV.

Boron-based neutron converter layers are preferentially 
inserted in solid-state neutron detectors because boron in 
gaseous form (BF3) is toxic and favors detector aging. The 
working principle of semiconductor neutron detector is that 
α particles and Li ions generated within the neutron reac-
tive layer following neutron-10B reactions lose their energy 
while moving across a semiconductor diode-like architecture 
where they create electron–hole pairs that are in turn col-
lected as an electrical signal. Since natural boron contains 
20% of the neutron active 10B isotope and 80% of the neu-
tron inactive 11B isotope, commercially available sources 
of boron are usually 10B enriched to enhance the number of 
neutron converter interaction events.

For the alpha particles produced in 10B(n,α)7Li reactions 
having short ranges (average ranges of 3.6 μm at 1.47 MeV 
(94% branching ratio) and 4.4 μm at 1.78 MeV (6% branching 
ratio)), micrometer-sized (one to several microns) boron coat-
ings are usually optimized-thickness converters. Indeed, the 

boron-based converter layer is demanding to be thick enough 
to enable high-density production of α particles through 
absorption of most incident neutrons and thin enough to let 
efficient collection of sufficiently energetic α particles outside 
the converter layer, while taking into account charged particle 
energy loss in the layer. Moreover, B-based neutron detectors 
with efficient performance demand high-quality neutron con-
verting films with minimum amount of unfavorable impurities 
(H, C, N and O), uniform thickness over large areas (to favor 
neutron capture and limit the energy dispersion of charged 
products), good adhesion to the substrates, as well as reduced 
aging effects and degradation under operational conditions.

In practice, producing adherent high-quality thick boron-
based films is challenging because high melting point and 
lightweight of boron make difficult to evaporate and sputter, 
respectively, boron sources [22]. Moreover, adhesion problems 
to common substrates result from hardness-related high intrin-
sic stress buildup during deposition and, due to low thermal 
conductivity and brittle nature, boron targets can disintegrate 
under thermal loads.

Deposition of boron thin films is documented based on vac-
uum arc evaporation [10, 23], magnetron sputtering [24, 25], 
chemical vapor deposition (CVD) [26, 27], radio frequency 
(RF) [28] and microwave plasma-assisted CVD (PACVD) 
[26, 29–31], electron beam evaporation [32] and pulsed laser 
deposition (PLD) [33–37]. In general, CVD approaches use 
expensive, toxic and often explosive feed gases and require 
high growth temperature. Among physical vapor deposition 
(PVD) methods, PLD could be a promising choice to grow 
boron-based films thanks to its peculiar features (out of equi-
librium nature, supersaturated deposition flux, hyperthermal 
regime, flexible interplay of the deposition parameters) that 
make it suitable to grow, onto various substrates, metastable 
phases and materials difficult or impossible to deposit com-
monly [38, 39].

In this paper, we present and discuss the results and pre-
liminary achievements of our off-axis geometry PLD-based 
deposition of 10B-enriched boron thick films onto various 
substrates (Si, Al, smooth and textured C substrates). In the 
case of Al substrates, we report on the successful deposition 
of 1-µm-thick adherent films with thickness profile nearly uni-
form over an area of a 3 × 3 cm2 and discuss the morphological 
characteristics of the deposit as related to the mechanisms of 
laser ablation in the nanosecond-pulse regime. Moreover, we 
present detailed morphology and elemental composition analy-
sis of boron deposits onto C substrates by comparing a smooth 
substrate with a textured one. In perspective of applications 
in the field of neutron detection, we also present preliminary 
encouraging achievements concerning the performance of our 
samples as thermal neutrons converter layers.
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2 � Experimental

2.1 � PLD depositions

PLD depositions were performed by ablating a commer-
cial 95% 10B-enriched high-purity (99.9%) boron sintered 
target (about 45–55% in relative density, purchased from 
American Elements Company, USA). The schematics of 
a PLD experimental setup depicted in Fig. 1a also illus-
trate the dynamics of the PLD technique [38]. A pulsed 
laser beam striking a target of the material to be deposited 
induces, under proper focusing and delivered energy con-
ditions, its removal (ablation). A so-called plasma plume 
forms, that is, a peaked highly forward-directed distribu-
tion of the species ejected from the target, that vehicles the 
transfer of the energetic ablated material from the target 
to the substrate surface where they deposit and rearrange 
driven by hyperthermal kinetics. In our experiments, a 
laser beam of the fundamental wavelength (1064 nm) of 
a Q-switched Continuum Powerlite-8010 Nd:YAG laser 
with pulse width of 7  ns was focused, by means of a 
focusing lens, and got to the boron target at an incidence 

angle of 45°. The boron target was placed within a stain-
less steel deposition chamber evacuated down to a base 
pressure of the order of 10−6 Pa by a combined (rotative 
plus turbomolecular) system of vacuum pumps. During 
laser irradiation, the boron bulk target was kept at room 
temperature and rotated with an angular speed of 1 Hz 
and contemporaneously spanned, to avoid cratering under 
multiple irradiation of the same area. The focusing area of 
the laser beam on the target was 8.8 mm2, and experiments 
were performed with fluence value F = ~10 J/cm2 [34] at a 
repetition rate of 10 Hz. A deposition rate of 0.28 Å/pulse 
was estimated, leading to a deposition run lasting 70 min 
for depositing 1-μm-thick boron film.

Off-axis rather than conventional on-axis PLD deposi-
tion geometry was implemented to improve film uniformity 
over a large area [33, 40]. To detail, while in the case of on-
axis configuration the plasma expansion axis corresponds to 
the center of the substrate, for the on-axis configuration the 
plasma expansion axis is shifted of about 1.4 cm from the 
center of the substrate (Fig. 1b).

Different substrates were considered, namely silicon 
(Si(100)), aluminum (Al) and carbon-fiber distributions, 
termed smooth and rough to refer to different surface tex-
ture/roughness, placed at a distance of 5 cm away from the 
boron target. Our preliminary experiments, performed by 
using the natural boron target mainly due to the high cost of 
10B-enriched material, yielded film detachment from the Si 
substrates for hundreds of nanometer-thick boron deposit. 
On the contrary, it was possible to deposit up to 4-μm-thick 
boron coatings onto 1-mm-thick Al substrates without 
observing delamination of the film and substrate distortion 
at room temperature deposition. Turning to the C substrates, 
the same experimental conditions as the ones used to deposit 
boron coatings onto Al substrates were set.

2.2 � SEM and EDS analyses

The deposited boron coatings were inspected by scanning 
electron microscope (SEM) analysis using a JEOL-JSM-
6480LV microscope. In addition, energy-dispersive X-Ray 
spectroscopy (EDS) microanalysis equipped with SEM was 
performed to study the elemental distribution in terms of 
the presence of B and contaminants (such as oxygen (O), 
carbon (C) and nitrogen (N)) in the deposits, paying atten-
tion to the presence of surface features stemming from the 
ablation mechanism.

EDS analysis was carried out by operating with an accel-
eration voltage of the electron beam of 2 kV. The electron 
beam was focused on selected points of a SEM image of 
the sample, and the collected X-ray signal was processed to 
obtain spectra with peaks associated with the atomic species 
within the deposits.

Fig. 1   a Schematics of the experimental setup and working princi-
ple of the PLD technique. b Picture of the performed PLD ablation 
experiment showing, as indicated by arrows, the boron target, the 
boron-containing plasma plume under off-axis geometry conditions 
and the collector substrate surface
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2.3 � Neutron detection performances

A simple detector configuration was assembled in order to 
test the effectiveness of the 10B-enriched boron layers pro-
duced by PLD as neutron converters. The sample was fixed 
on top of a silicon detector (30 mm × 30 mm × 0.3 mm) at 
0.2 mm distance. This assembly was enclosed into a small 
iron box and placed inside a moderator, made from polyeth-
ylene blocks, along with a 252Cf neutron source producing 
8 × 103 neutrons/s (Fig. 2). The test, by irradiation of the 
detector setup with the moderated neutrons, consisted of 
two phases: (1) with the 10B layer directly facing the silicon 
detector; (2) by reversing the sample so that the backing 
was facing the silicon diode thus preventing the produced 
particles from reaching the diode. By subtraction, one can 
then isolate the contribution of the neutron capture on the 
10B from all the other (background) contributions basically 
due to the large amount of gamma rays produced directly by 
the 252Cf neutron source and by other neutron-induced reac-
tions on the materials surrounding the detector.

3 � Results and discussion

3.1 � Morphology and elemental composition 
of the coatings

The general morphological characteristics of the 
1-μm-thick boron coating deposited onto Al substrate 
are shown in Fig. 3, where different magnification lev-
els enable to observe uniform morphology of the deposit 
and the occurrence of droplet-like surface features with 
wide size dispersion (from tens of nanometers to a few 
microns). The presence of such micro- and nanoaggre-
gates may be accounted for the mechanisms of nanosec-
ond laser ablation, that is, evaporation, boiling explosion 
and fragmentation by pressure recoil [41, 42] that account 
for deposition of a mixture of vapor species, droplets and 
irregular debris. Indeed, temperature and pressure gradi-
ents lead to deposition of irregular melted debris formed 
around the ablation crater (heat-affected zones), ejection 
of a large number of melt droplets from the target under 
explosive boiling conditions and formation of nanoclus-
ters by gas-phase condensation in plasma plume [34]. For 
the laser wavelength used in our experiment (1064 nm), 
a depth of the crater in boron target of 3 μm per pulse 
was reported [34]. Because of low thermal diffusivity of 
boron material, the formation of craters deeper than the 
optical penetration depth (~ 1 μm), resulting from absorp-
tion coefficient of the order of 106 m−1 at 1064 nm, would 
indicate an additional mechanism concurring to mass 
removal together with explosive boiling. In this respect, 
it was proposed fragmentation due to a compressive wave, 
generated by recoil pressure at the target surface, that 
propagates underneath the target surface [42]. On this 
basis, the distribution of micrometer-sized spherical-like 
droplets exhibited by the boron deposit under considera-
tion (Fig. 3) can be ascribed to explosive release of melt 
from the irradiated volume driven by the high-fluence 
regime set in our experiments [34]. In addition, the large 
surface features with irregular shape, particularly evident 
in Fig. 3c, would be debris resulting from fragmentation 
processes within the boron target. At least, condensation 
of the vapor species within the supersaturated volume of 
the plasma plume is responsible of the smaller spheri-
cal droplets dispersed in between the micrometer-sized 
droplets. By comparison with the literature [34], our sam-
ple exhibits reduced density and size of both microm-
eter droplets and irregular shaped clusters, which can be 
ascribed to different target-to-substrate distance and abla-
tion spot area.

Fig. 2   Setup for neutron detection tests constituted by a moderator, 
made of polyethylene blocks, surrounding the detector box containing 
the 10B neutron converter and the silicon diode (the moderator poly-
ethylene top cover was removed to take the picture). The 252Cf neu-
tron source, handled by means of the black stick shown on the right, 
is inserted into the circular housing visible on top of the detector box
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In addition to morphology, thickness uniformity (Fig. 4) 
and elemental composition (Fig. 5) in terms of spatial 

distribution of boron and possible environmental contami-
nants were investigated.

Thickness uniformity tests were performed by a pro-
filometer for an 1-µm-thick boron coating deposited onto 
a Si substrate under the same PLD conditions as the boron 
coating deposited onto 1-mm-thick Al substrate. Figure 4a 
shows the plot of the film thickness measured versus the 
distance from the center of the film along two perpen-
dicular directions (labeled by positive and negative coor-
dinates) including the measurement points reported in 
Fig. 4b. As a result of off-axis PLD deposition configura-
tion, film thickness was found to be almost uniform over 
an area of 3.4 × 3.4 cm2 (Fig. 4). The film thickness was 
estimated with an uncertainty of about 10%.

In regard to contaminants, some impurities may be incor-
porated in the growing film stemming from the boron target 
and environmental contamination, such as carbon (C), oxy-
gen (O) and nitrogen (N). In particular, the content of O has 
to be minimized to limit neutron detection loss effects under 
thermal neutron irradiation.

The results of EDS elemental analysis of our 1-µm-thick 
boron coating deposited onto an Al substrate are shown in 
Fig. 5. Panel (a) provides a microscope image of the investi-
gated area where the measurement points are indicated by a 
cross and labeled by a number (from 1 to 4). Panel (b) shows 
the boron signal measured over the different measurement 
points reported in panel (a). Noteworthy, the whole surface 
of the sampled area was analyzed to ascertain the presence 
of boron everywhere. Panel (c) reports on the EDS spectra 
corresponding to the measurement spots labeled in panel (a).

In particular, the B-Kα peak at 0.183 keV, the C-Kα peak 
at 0.277 keV, the N-Kα peak at 0.392 keV and the O-Kα 
peak at 0.525 keV are clearly indicated on the recorded EDS 
spectra.

According to the results of Fig. 5b, the smallest intensity 
of boron signal was found over the region surrounding the 
micrometer-sized cluster (Fig. 5a). This result is consist-
ent with the size of the droplet in Fig. 5a being larger than 
the (average) film thickness and the droplet standing out of 
the film. Figure 5c shows scarcely visible O and N peaks, 
which is expected on the basis of the low background pres-
sure achieved within the vacuum chamber before PLD depo-
sitions. In regard to C, its peak is clearly observable in the 
EDS spectra acquired at the measurement points 2 and 4, 
which are not associated with microdroplets. Accounting for 
the acceleration voltage (2 kV) of the electron beam set for 
the acquisition of the EDS spectra, processing of Al sheet 
is very likely to be responsible for the detected C signal. 
Indeed negligible C contribution was measured in the case 
of the measurement points 1 and 3 under the same EDS 
working conditions.

Fig. 3   SEM plan view micrographs, with progressively increasing 
magnification going from a to c, of the boron coating deposited onto 
1-mm-thick Al substrate
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Turning to the PLD depositions performed onto C sub-
strates, Fig. 6 compares the boron coatings covering a 
smooth C substrate (left panel) and a textured C substrate 
referred to as rough C substrate (right panel). On compar-
ing with the boron film deposited onto Al under the same 
experimental conditions, similar surface features can be 
observed that, as already discussed, can be ascribed to 
the mechanisms of nanosecond laser ablation. The deposit 
onto the textured C substrate exhibits a larger density of 
spherical droplets with size larger than a few micrometers 
and a background of smaller micrometer-sized particles 
which are larger as compared to the case of the not tex-
tured C substrate. As discussed in regard to the case of 
Al substrate, the presence of micrometer droplets can be 
ascribed to the typical mechanisms of nanosecond laser 
ablation. On the other hand, under nanosecond abla-
tion regime, nucleation and coalescence effects of small 
nuclei and energetic vapor species both in the expanding 
plume and onto the substrate, driven by the hyperthermal 
growth kinetics, lead to the nucleation of particles smaller 
than the droplet features. These considerations account 
for the common surface features exhibited by the depos-
its obtained onto untextured and textured C substrates 
(Fig. 6).

On comparing flat and textured C substrates, the pres-
ence of edges and wirelike features of the textured C sub-
strate can introduce trapping zones and curvature effects 
that are expected to influence the mobility paths of the 
hyperthermal deposited species. Two kinds of mechanisms 
can be envisaged to explain the larger surface features in 
the case of the textured C substrate: first, overlapping, and 
subsequent coalescence, of droplets and splashing favored 
by shadow effects of the wirelike crossed features (yellow 
arrows in Fig. 6e, f); second, the Ostwald ripening mecha-
nism, i.e., growth of larger features at the expense of the 

smaller ones by attachment of diffusing adatoms/clusters 
originating from the vaporized part of the plasma plume, 
favored by curvature and morphological constraints of the 
wirelike features. Further experiments are in progress to 
assess these mechanisms as a function of the deposition 
conditions.

The results of chemical investigation carried out by the 
EDS technique are reported in Fig. 7 for the boron coating 
deposited by PLD onto smooth C substrate (Fig. 7a–c) and 
rough C substrate (Fig. 7d–f). Panels (a) and (d) show the 
microscope image of the investigated area where the meas-
urement points are pointed out by a cross and a numeric 
label. For any sample, the measurement points were chosen 
as associated with a microdroplet and surroundings.

Panels (b) and (e) report on the boron signal detected for 
each EDS measurement point. Panels (c) and (f) show the 
EDS spectra corresponding to the measurement points with 
indication of the position of the Kα peaks of B, C, N and O 
elements.

Notably, in the case of the investigated areas and for both 
samples, the boron signal acquired on the droplet is larger 
than the one detected for the surrounding regions, which is 
consistent with a larger thickness sampled by the electron 
beam. The EDS measurements also indicate that the distri-
bution of boron around the droplet is uniform: comparable 
signals resulted from the measurement points 2 and 3 in the 
case of smooth C substrate and from the measurement points 
2, 4, 5 and 6 in the case of rough C substrate. In addition, 
the EDS spectra in Fig. 7c, f depict negligible contribution 
from contaminants in all the EDS measurement points of 
both samples.

Noteworthy, by comparing the intensity of the boron sig-
nal resulting from EDS measurement performed, under the 
same conditions, for the boron coatings deposited by PLD 
onto smooth and rough C substrates in the measurement 

Fig. 4   a Thickness uniformity 
test performed from the center 
of the film along two perpen-
dicular directions (labeled by 
positive and negative coordi-
nates) for the 1-µm-thick boron 
coating deposited by PLD 
onto a Si substrate; b thickness 
measurement points over the 
surface of the sample under 
examination (labeled by positive 
and negative coordinates)
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points detailed in Fig. 7, a systematically higher value in the 
case of the smooth C substrate was observed (Fig. 8). This 
issue can be accounted for by the fact that, under identi-
cal deposition conditions, the rough substrate offers a larger 
surface area over which the species of the plasma plume can 
distribute. All of this has to be considered while testing the 
efficiency performances of our boron samples as neutron 
converter layers.

3.2 � Neutron detection performances

Although this paper mainly aims at the optimization of the 
deposition aspects by PLD of boron-based thick films, we 
also present a preliminary result about the effectiveness of 
the 10B-enriched boron layer, deposited onto 1-mm-thick Al, 
as a neutron converter. For this purpose, we used the simple 
detector configuration described in the Experimental section 
and shown in Fig. 2.

The neutron detection performances obtained experimen-
tally were compared with a GEANT4 [43] simulation of 
the detector irradiated with thermal neutrons. The detector 
geometry and materials, including the iron box, were coded 
in GEANT4. The simulation consisted in the irradiation of 
the detector with 106 thermal neutrons, generated on the 
outer box and impinging perpendicularly on the converter. 
An isotropic irradiation was tested as well, with no differ-
ence in the results apart from a much lower statistics.

The number of measured neutron captures, as a function 
of the energy deposited onto the silicon detector, is reported 
in Fig. 9. The large error bars are due to the poor statistics 
(the source activity was quite low) and to the fact that each 
data value is obtained by difference between the measure-
ment with the 10B facing the detector and the one with the 
reversed converter. On the same plot, we reported the spec-
trum resulting from the simulation, suitably rescaled in arbi-
trary units. The two structures visible in the spectrum are 
due to the detection of α particles (the one at higher energy) 
and 7Li (at lower energy). At very low energy, the spectrum 
goes down abruptly because of a physical threshold due to 
the presence of the 0.2-mm-thick air layer between converter 
and detector and of a 500-nm-thick aluminum metalliza-
tion layer on the detector surface. Based on the well-known 
10B(n,α)7Li cross section, the maximum theoretical effi-
ciency of a 1-µm-thick converter layer should be around 5%. 
The simulation tells us that, due to self absorption in the 
converter, the air and aluminum dead layers, and the angular 
distribution of the reaction products, the expected neutron 
detection efficiency is of the order of 2.5%. This result, along 
with the agreement between data and simulation in Fig. 9, 
is quite encouraging, and it indicates that, by means of our 
technology, converter layers suitable for thermal neutron 
detection can be produced.

Fig. 5   EDS elemental analysis of the 1-µm-thick boron coating 
deposited by PLD onto a 1-mm-thick Al substrate. a Microscope 
image of the investigated area with indication of the measurement 
points, b boron signal measured over the measurement points labeled 
by an associated number. c Abundance of boron and contaminants 
(O, N, C) in the spot spectrum corresponding to each EDS measure-
ment point
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We do not present and discuss further tests performed 
for the boron films deposited onto smooth and textured C 
substrates because such results will be the subject of a future 
dedicated paper. For the sake of completeness, we mention 
that our preliminary results would indicate that the texture 
of the substrate has interesting consequences on the neutron 
detection ability of a boron converter layer.

4 � Conclusions

A neutron-to-charge converter nucleus with high thermal 
neutron capture cross section and high-energy reaction prod-
ucts, such as isotope boron-10 (10B), is presently widely 

investigated as an alternative to the expensive and decreas-
ingly available3He nuclei in the field of solid-state neutron 
detectors. The fabrication of boron-based coatings is tech-
nologically challenging due to difficulties in evaporating 
and sputtering boron sources due to high melting point and 
lightweight of boron.

Among techniques applied to grow boron films, PLD is 
a promising method to overcoming adhesion problems, let 
the growth of phases difficult to deposit by other techniques 
and limit environmental contaminants by controlled vacuum 
conditions and no usage of toxic gases and solvents.

In this study, we have demonstrated the successful PLD 
deposition of well adherent 1-µm-thick 10B-enriched boron 
coatings onto 1-mm-thick Al substrate as well as smooth and 

Fig. 6   SEM plan view micro-
graphs with progressively 
increasing magnification of the 
boron coatings deposited onto 
a–c smooth C substrate and d–f 
rough (textured) C substrate
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rough C substrates with controlled composition and thick-
ness on a relatively large area. The first harmonic (1064 nm) 
of a Nd-YAG laser beam has been used under off-axis depo-
sition geometry and high fluence (~ 10 J/cm2) conditions.

Interplay between plasma plume divergence and 
peaked profile as well as target rotation has enabled to get 
uniform10B films over an area of a 3.4 × 3.4 cm2.

The presented detailed investigation of morphology and 
elemental composition of the deposited films performed by 
SEM and EDS analyses has pointed out that they present 
the typical morphological characteristics due to the ablation 

mechanisms in the nanosecond regime and negligible pres-
ence of environmental contaminants, such as O, N and C, as 
a result of well-calibrated vacuum conditions prior to PLD 
depositions.

Preliminary results about the effectiveness of 
the10B-enriched boron layer, deposited onto 1-mm-thick Al, 
as a neutron converter have been presented too. Our experi-
ments have demonstrated very encouraging performance, 
confirmed by simulations as well.

Fig. 7   EDS elemental analysis 
of the boron coating deposited 
by PLD onto a–c smooth C sub-
strate and d–f rough C substrate. 
a, d show the microscope image 
of the investigated area with the 
measurement points. b, e report 
on the B signal correspond-
ing to each EDS measurement 
point. c, f show the EDS spectra 
corresponding to each measure-
ment point with indication of 
the energy of B and common 
contaminants
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