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ABSTRACT

Boron thin films were produced using femtosecond pulsed laser deposition aiming at the development of a neutron
detector. As neutrons have no charge, in order to detect this particle converter materials are applied, promoting nuclear
reactions that result in the emission of charged particles, allowing the neutrons presence to be indirectly inferred. Among
the possible conversion materials, '’B has a considerable cross section for thermal neutrons and accessible cost.
Furthermore, the nuclear reaction produces easily detectable alpha particles, making it a rational option to develop a low
cost and portable neutron detector. The boron ablation threshold fluence has been measured by the Diagonal Scan (D-
scan) technique that resulted in the minimum laser energy value of 17.7 (6) uJ and fluence of 5.63(19) J/cm®. Boron
deposition was performed varying the pulse energy and deposition duration. The growth rate, morphological and
physical aspects of the boron pulsed laser deposition were characterized by a Scanning Electron Microscope and an
optical profilometer. The films surfaces have a flaky aspect with eventual droplets which had decayed overtime to a
more smooth surface. The studied parameters allowed producing a boron coating with the optimal thickness in order to
minimize self-absorption effect in the film, thus increasing efficiency.
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1. INTRODUCTION

The development of a low-cost thermal neutron detector can be achieved using a boron thin film coupled to a silicon
photodiode. The use of silicon photodiode offers several advantages', such as: can be easily obtained commercially,
operational at room temperature and has a compact electronics associated. Thermal neutron detectors using boron or
boron compounds as converter materials associated with diodes are already available®, including a portable model® for
individual monitoring.

The neutron reaction® '’B(n,a)’Li, illustrated in Figure 1, produces an alpha particle and a lithium nuclei. The use of '’B
as the neutron converter has some advantages™, such as high cross-section to thermal neutrons (~3840b at 0.026 eV),
high isotopic abundance (19.8%), besides being solid state and chemically inert, 100% probability of alpha particle
emission and is available commercially.
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Figure 1. Reaction channels from 1B (n,0)"Li-
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However, boron foils manufactured” from '°B are not readily available due to the increased cost and the material
preparation process for creating the foils, which is difficult considering that the boron is a brittle material. Furthermore, it
has a high melting point’ to prepare by an ordinary evaporation method. An alternative solution for this situation is the
use of the pulsed laser deposition technology (PLD), which has the ability’ to produce a stable boron film that has stable
pulse energy intensity

The PLD technique has already been performed for boron and boron compounds thin films fabrication using excimer’,
Nd:YAG™ "', and femtosecond lasers'>'*. Pulsed laser deposition using femtosecond lasers has some advantages in
relation to Nd:YAG (nanoseconds), for instance, the decrease of the threshold ablation fluence'®, due to rapid energy'’
deposition, the avoidance of laser-plume interaction and heat-affected zones in the irradiated targets are strongly
localized with minimal residual damage. In addition, boron thin films'? made using femtosecond pulses present a lower
stress and higher adhesion to the substrate, and also tend to be more efficient as the boron ejects are more atomized
rather than the clustered aspect from ns lasers that results in material losses.

The aim of this work was to measure the boron ablation threshold fluence and the deposition rate together with the film
morphological and physical aspects aiming the development of a low cost neutron detector.

2. MATERIALS AND METHODS

A femtosecond pulsed laser system was used for the determination of the ablation threshold of the target, and also for the
boron thin film deposition. This system consists in a CPA Ti:Sapphire laser (Femtopower Compact Pro CE-Phase
HP/HR from Femtolasers), continuously generating 25 fs (FWHM) pulses centered at 775 nm with 40 nm of bandwidth
(FWHM), at a maximum repetition rate of 4 kHz. The target is a boron disc (diameter: 25.6 mm, thickness: 2 mm) from
American Elements (Figure 2).

Figure 2. Metallic enriched boron before (left) and afte the determination of ablation threshold (right)

The boron ablation threshold fluence has been measured to be 0.4 J/cm?® (for 100 pulses) using the D-Scan technique'®, in
which a surface damage (Figure 3) is made by exposure to a laser beam and the sample is translated in the +z and +y
directions simultaneously'’.
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Figure 3. Surface damage threshold determination under exposure to laser beam (left) and profile etched on the surface of a
sample by the D-Scan method (right)

The profile etched on the surface of a sample is shown in figure 3, which offers the half of the ablation profile maximum
transversal dimension (pmax) value, which allows to determinate the fluence (£;) and the number of pulses (V) using
equations 1 and 2'°, where E, is the pulse energy, V, is the transversal velocity, 93 is the Jacobi theta function and fis the
laser repetition rate.
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The experimental setup for boron film deposition (Figure 4) consists of a vacuum chamber, in which the laser beam is
aligned through a 15 cm focusing lens. This beam is direct at the target (boron) having its varied incidence position using
a beam oscillator. Inside this chamber occurs the ablation of the target that is rotated by a motor, and the plume is formed
going towards the substrate (microscope slide), thus forming the film on its surface. The vacuum was generated by a
vacuum pump reaching the pressure of 7.5x10 mTorr, and the distance from the target to the substrate was fixed in 3.5
cm. Boron thin films were made on the surface of microscope slides in triplicate, using pulse energies of: 37(6), 177(6)
and 530(7) wJ, varying the deposition time.
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Figure 4. Experimental setup of boron deposition by femtosecond pulsed laser. The focusing lens has 150 mm of effective
focal length.
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3. RESULTS AND DISCUSSION

The boron ablation threshold fluence dependence on the pulses superposition obtained by the D-Scan technique is shown
in Figure 5. This graph allowed determining the boron target ablation threshold to be 0.89(5) J/cm?, which in our setup
(15 cm focusing lens) corresponds to a pulse energy of 17.7(6) uJ and fluence of 5,63(19) J/cm®. Aiming to test different
situations for boron deposition on the microscope slides the pulse energies used were 37(6), 177(6) and 530(7) wJ,
resulting in the following fluences: 11.8 (19), 56.3(19) and 168.7(22) J/cm®.
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Figure 5. Boron ablation threshold fluence (F;) dependence on the pulses superposition (N) obtained by D-Scan technique

The morphological and physical aspects of the boron films were analyzed using a Scanning Electron Microscope (SEM)
model TM300 from Hitachi. The films did not present drastical morphology changes between different deposition times.
Figure 6 presents four films taken 18 months after the deposition, and they differs greatly from the aspect of it from
images taken few days after the deposition, Figure 7, pointing that the film may have reacted with air and changed its
appearance, however for the aimed application this is not an issue. From this results is possible to note that the films
surface present granulation and droplets, which already was been reported'® due to the fact that the high laser energy of
the microscopic and macroscopic particles' that are ejected from the target.
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Figure 6. Boron films with different time deposition with their respective surface images obtained by SEM.

4 AL D54 200 um x400 200 um

Figure 7. Boron films images taken few days after the deposition (left) and 18 months after deposition (right).

The growth rates of the boron deposition were characterized varying the deposition duration and laser energy, and the
films were made in triplicate for each deposition time. The boron films thickness were measured using a profilometer
(ZeGage - Zygo). The relation between the average thickness and time deposition is shown in Figure 8 in function of
pulse energy, considering the region with the highest values of thickness.
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Figure 8. Average thickness in function of time deposition region with the highest values of thickness (RHT)

4. CONCLUSIONS

The film thickness is directly related with the energy pulse and deposition duration (Figure 6). The film thickness is
directly proportional to the deposition duration, for all pulse energies used. The time deposition for 60 and 75 min
allowed a better comparison of the relation between the film average thicknesses and the pulse energy, which is also
directly proportional.

For neutron detection, the fact that the surface of the boron film presented flaky aspect does not affect the detector
operation, however, this appearance changed over time. The nuclear reaction (Figure 1) will occur, and, if the film
thickness is at least smaller than the range of particulates produced, this film can be used for the detection of neutrons
independently of its irregular morphology surface.

The relation between the film thicknesses with time deposition as a function of the energy of the pulse allowed
fabricating a boron coating with the optimal thickness of 4.0 pm, the theoretical value at which the charged particles can
be detected in the photodiode with minimized self-absorption in the film, this way increasing the neutron detection
efficiency.
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